EBERHARD KARLS

UNIVERSITAT
TUBINGEN

TG bingen 13" Congress of the

European Society for
2011 Evolutionary Biology

All Abstracts

myclimate P i
y 4L DFG .0.0 VolkswagenStiftung

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee



13" Congress of the European Society for Evolutionary Biology
Tiibingen 2011

Scientific Programme Overview

early late

= morning | Plenaries (Sy 00) General sessions (Sy 30)

pd

A aftemoon Sy 01,05, 08,11, 15,21,22,25,27  Sy0L,05,08, 11, 15,21,22,25,27 o8
posters A

. . General sessions (Sy 30)

o )

; morning | Plenaries (Sy 00) e S e (G 24

©) Regular

S afternoon | Sy 01, 03, 05, 08, 13, 20, 21, 22, 23 Sy 01, 03, 12, 13, 14, 19, 20, 21, 23
posters B

. . JMS-Laureate (Sy 00)

@M  morning Plenaries (Sy 00) ESEB Member meeting

w

>

— afternoon | Sy 01, 02, 04, 06, 09, 14, 23, 24, 28 Sy 02, 04, 06, 09, 14, 23, 24, 26, 28 Regular
posters C

S morning | Sy 02, 06, 07, 10, 16, 17, 18, 26, 29 Sy 02, 06, 07, 10, 16, 17, 18, 26, 29

o)

= . .

= afternoon | General sessions (Sy 30) Prg5|dent|al ad.dress (S.y 00) Farewell party

Prizes and closing session

Symposia Overview
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Plenary talks, JMS Laureate, Presidential address
Invited: Duur Aanen, Julie Etterson, Johannes Krause, Anna

Qvarnstrom, Michael Ruse, Michael Siva-Jothy, Rowan Barrett,

Brian Charlesworth

Sy 31 Outreach Symposium (Room N5)

Invited: Joseph Carroll, Esben Andersen, Michael Blume,
Frank Ryan

Organizers: Thomas D‘Souza, Daniel Dreesmann

Sy 01 (Room N7)

Microbe/macrobe experimental evolution

Invited: Graham Bell, Richard E Lenski, Tadeusz Kawecki
Organizers: Rhonda R Snook, Nick Colegrave,

Thomas U Berendock, Oliver Kaltz, Stéphanie Bedhomme,
Santiago F Elena

Sy 02 (Room N6)

Coevolution from parasitism to mutualism
Invited: Greg Hurst, Jukka Jokela

Organizers: Michael Brockhurst, Britt Koskella

Sy 03 (Room N5)

Evolution and human disease

Invited: Stephen Stearns , David Haig , Bernard Crespi
Organizers: Sean G Byars, Jacobus J Boomsma

Sy 04 (Room N1)

Cooperation and virulence

Invited: Sam Brown, William Hughes
Organizers: Rolf Kuemmerli, Adin Ross-Gillespie

Sy 05 (Room N3)
Mutualism: Causes and consequences
Invited: Nancy Moran, Ulrich Mueller

Organizers: Christian Kost, Martin Kaltenpoth

Sy 06 (Room N5)
Speciation by natural versus sexual sel

ection

Invited:A ndrew Hendry, Maria Servedio, Martine Maan,

Erik Svensson
Organizers: Allan Debelle, Claudius Kerth

Sy 07 (Room NO)

Fossils and evolutionary biology
Invited: Walter G Joyce, Krister T Smith
Organizers: Hervé Bocherens

Sy 08 (Room NO)

Predicting macroevolution from microevolution

Invited: Emma Goldberg, Oliver Pybus
Organizers: Gavin Thomas, Rob Freckleton

Sy 09 (Room NO)
Polyploid ecological genomics
Invited: Brian Husband, Jonathan Wendel

Organizers: Christian Parisod, Malika L Ainouche

Sy 10 (Room N4)
Causes of epistasis
Invited: Roy Kishony, Dan Weinreich

Organizers: Arjan GM de Visser, Santiago F Elena

Sy 11 (Room N2)

Non-genetic inheritance and evolution
Invited: Troy Day, Alex Badyaev

Organizers: Tobias Uller, Heikki Helantera
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Invited: Vincent Colot, Koen Verhoeven
Organizers: Joop Ouborg, Oliver Bossdorf

Sy 13 (Room N4)

Evolution outside of the nucleus

Invited: Ron Burton, David McCauley

Organizers: Maurine Neiman, Dan Sloan, Doug Taylor

Sy 14 (Room N3)

Family interactions

Invited: Allen Moore, Mathias Kolliker
Organizers: Reinmar Hager, Per T Smiseth

Sy 15 (Room N5)

Division of labour

Invited: Richard Michod

Organizers: Claus Rueffler, Sergey Gavrilets

Sy 16 (Room N2)

Viviparity, placentation and conflict
Invited: Derek Wildman, David Reznick
Organizers: Isabella Capellini, Robert Barton

Sy 17 (Room N3)

Novel techniques in behavioural ecology
Invited: Tracey Chapman, Michal Polak
Organizers: Amanda Bretman, Thomas Price

Sy 18 (Room N1)

Perceptual manipulation and mimicry
Invited: Rebecca Fuller, Steve Johnson
Organizers: Martin H Schaefer, Florian Schiest|

Sy 19 (Room N9)

Evolution of chirality

Invited: Spencer Barrett, Rich Palmer

Organizers: Menno Schilthuizen, Barbara Gravendeel

Sy 20 (Room N1)

Chemical communication

Invited: Mark Blows, Jane Hurst
Organizers: Ally Harari, Tamar Keasar

Sy 21 (Room N6)

Evolutionary ecological genomics
Invited: Michael Pfrender, Ilkka Hanski
Organizers: Luisa Orsini, Christophe Eizaguirre

Sy 22 (Room N9)

Environment, G matrices and adaptation
Invited: Steve Chenoweth, Johanna Schmitt
Organizers: Matthew Robinson, Andrew Beckerman

Sy 23 (Room N2)
Climate change and evolution
Invited: Juha Merila, Ary Hoffmann

Organizers: Klaus Fischer, Stephanie S Bauerfeind, Wolf U

Blanckenhorn

Sy 24 (Room N9)

Adaptation in large populations
Invited: Nick Barton, Joachim Hermisson
Organizers: Nicolas Bierne, Denis Roze

Tibingen 2011

Sy 25 (Room N1)

Evolutionary systems biology
Invited: Jennifer Reed, Andreas Wagner
Organizers: Laurence Loewe, Orkun Soyer

Sy 26 (Room N7)

Parallel evolution

Invited: Hopi E Hoekstra, Louis Bernatchez
Organizers: Walter Salzburger, Moritz Muschick

Sy 27 (Room N4)

Selective sweeps

Invited: Luis-Miguel Chevin, Wolfgang Stephan
Organizers: Kristan Schneider, Yuseob Kim

Sy 28 (Room N4)

Functional population genomics
Invited: Axel Meyer, Chris Jiggins
Organizers: Jay F Storz, Jeffrey M Good

Sy 29 (Room N9)

Can drift facilitate adaptive evolution?
Invited: Joanna Masel, Merijn Salverda
Organizers: Bas Zwaan, Arjan de Visser

Sy 30 General Sessions (Room N2 - N7)

Behaviour, Life-history, Population ecology, Development,
Disease and immunity, Evolutionary genetics, Human impact,
Inbreeding, Evolution of sex, Primates

Organizers: Local scientific committee
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Duur Aanen
Rowan Barrett
Brian Charlesworth
Julie Etterson
Johannes Krause
Anna Qvarnstrom
Michael Ruse

Michael Siva-Jothy

The following abstracts are sorted by first author last name in alphabetical order within this
symposium (independent of contribution type). Use the search function on your computer

to locate specific authors or keywords. Jumping between symposia is facilitated by the pdf
bookmarks.
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Plenaries

The evolution of cooperation in mushrooms

Aanen DK
'Wageningen University, Laboratory of Genetics, Wageningen, Netherlands

Summary statement:

Mushroom-forming fungi engage in ecologically important mutualisms and have a highly interesting
social and sex life making them excellent models to study evolution of cooperation.

Abstract:

Conflicts between levels of selection have often been resolved decisively in favour of the higher level.
For example, the germ-soma separation of most animals makes most cancers evolutionarily dead
ends. This is different for fungi, where each cell is a ‘hopeful reproductive’. Therefore, fast-dividing
cells or nuclei, analogous to cancer, potentially have an evolutionary future. This makes mushrooms
ideal to study conflicts between levels of selection.

An important characteristic of fungi is their ability to fuse. Experiments with mutualistic fungi
cultivated by termites demonstrate the benefit of mycelial fusion. Termite farmers exploit this fusion
benefit by inoculating a high density of monoculture spores, which fuse upon germination. The
benefit of fusion leads to a paradox (Crozier, 1986): if fusion is beneficial, how can we understand the
extensive allorecognition diversity observed in nature, which restricts somatic fusion to close
relatives? We show that nuclear parasitism can create the selective conditions for extensive
allorecognition diversity, solving ‘Crozier’s paradox’.

In contrast to restricted occurrence of somatic fusion, virtually unrestricted fusion occurs among
genetically unrelated mycelia in the sexual stage. This leads to a mycelial mosaic with two nuclei per
cell. In most mushrooms, competition among genetically different nuclei is repressed by strictly
coupling nuclear and cell division. | discuss experimental evidence for two remaining sources of
lower-level selection, one resulting from sexual conflict due to multiple mating and one from
mutation towards female-sterility giving an initial one-and-a-half fold within-mycelium selective
advantage.

duur.aanen@wur.nl
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Plenary talk C2-Sy00-1100-P

Plenaries
John Maynard Smith Prize Laureate

The genetics of adaptation to changing environments

Barrett RDH"
"Harvard University, Organismic and Evolutionary Biology, Cambridge, United States

Summary statement:

The genetics of adaptation: combining theory, lab and field studies to understand the mechanisms
that drive ecological and evolutionary responses to changing environments.

Abstract:

Human activities are resulting in extensive worldwide changes to ecosystems, with both ecological
and evolutionary consequences. Understanding the process of adaptation to changing environments
requires integrative studies that combine approaches from population genetics, evolutionary ecology
and molecular biology. Here, | present theoretical, laboratory and field studies with microbes and fish
that help to determine the genetic basis, ecological mechanisms, and evolutionary effects of rapid
adaptation to changing environments. The work involves direct measures of natural selection acting
at the molecular level, thus providing crucial information on the functional links among genotype,
phenotype, and fitness. This research is helping to identify some of the primary mechanisms that are
likely to drive adaptation to global environmental change.

rbarrett@fas.harvard.edu
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Plenaries
Presidential address

How population genomics can solve a lot of our problems

Charlesworth B'
'University of Edinburgh, Institute of Evolutionary Biology, Edinburgh, United Kingdom

Summary statement:

Molecular population genetics is providing powerful tools for using these datasets to answer some
classical problems. Examples of these problems, and steps towards solving them, will be reviewed.

Abstract:

Datasets on DNA sequence polymorphism and interspecies divergence for multiple loci, or even
whole genomes, are becoming increasingly available. At the same time, statistical population
genetics is providing powerful tools for using these datasets to answer some of the classical
guestions of evolutionary genetics. These include the extent to which natural selection, as opposed
to genetic drift, has caused the fixation of mutations that distinguish related species, and the
frequency distribution of the effects on fitness for newly arisen favourable and deleterious
mutations. In addition, the extent to which patterns of polymorphism and divergence are affected by
genetic linkage among the sites involve can be examined by these methods. Work on these problems
by my own group will be reviewed, in the context of recent advances in the field as a whole.

brian.charlesworth@ed.ac.uk
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Plenaries

Evolution of plant populations in response to climate change: Case studies from the Great
Plains of the United States

Etterson JR'
'University of Minnesota Duluth, Department of Biology, Duluth, United States

Summary statement:

Two case studies are presented that examine potential adaptive responses to climate change in two
plant species, a diploid annual pea and a polyploid perennial herb

Abstract:

Will natural populations attain evolutionary rates that match the rate of climate change? The
magnitude of evolutionary response that will occur in any given population depends critically upon
the genetic architecture of traits that are the targets of selection. In this seminar, | will present
guantitative genetic approaches that | have used to predict potential adaptive responses to climate
change in two plant species, a diploid annual pea, Chamaecrista fasciculata, and a polyploid perennial
herb, Solidago altissima. In the case study of C. fasciculata, | characterized the genetic architecture of
three Great Plains populations in field conditions that simulate the warmer and more arid climates
predicted by global climate models. Predicted rates of evolutionary response are much slower than
the predicted rate of climate change. In the case study of S. altissima, | examine the impact of
polyploidy on adaptation to climate change in a species that is polymorphic for diploid, tetraploid
and hexaploid cytotypes. This research explicitly tests the assumption that the larger genomes of
polyploids allow them to evolve faster or in novel directions compared to their diploid progenitors. In
this work | am comparing the rate of response to artificial selection on timing of flowering in diploid
and tetraploid plants exposed to current levels of precipitation and drought conditions similar to
those predicted for the future. Results from this research will increase our understanding of the
nature of genetic variation in polyploid taxa that may be selected upon and may ultimately increase
the persistence of populations in the face of climate change.

jetterso@d.umn.edu
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What makes us human: Insights from sequencing extinct hominin genomes?

Krause J*
'University of Tuebingen, Institute for Archaeological Sciences, Tuebingen, Germany

Summary statement:

We present the genome sequence of the Neandertal and an only recently described Siberian hominin
the Denisovan. Both genomes show evidence of gene flow with modern human populations.

Abstract:

A genetic comparison between modern humans and their extinct relatives could both address the
relationship between us and them and offer the possibility to identify genetic changes that happened
specifically on the human lineage. Furthermore it may allow identifying and understanding the
evolutionary history of genes and positions in the modern human genome that experienced recent
positive selection after divergence of modern humans and their extinct relatives. Using a
combination of high-throughput DNA sequencing technologies and multiple improvements in ancient
DNA retrieval, library construction and targeted library enrichments, the Leipzig laboratory has
recently, in collaboration with several groups, completed a first version of the Neandertal genome as
well as a genome sequence of an extinct hominin discovered in the Altai mountains in southern
Siberia named Denisovan. The analysis of both the Neandertal and Denisovan genome revealed
evidence of geneflow between certain modern human populations and both extinct hominins. From
the analysis of the data we were furthermore able to draw conclusion about diversity within and
among the extinct hominins and by scanning the human genome for regions of positive selection
using the Neandertal and Denisovan genome, we identified several strong candidate genes involved
in diet, cognitive traits, and skeletal morphology that were potentially selected on the modern
human lineage.

johannes.krause@uni-tuebingen.de
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Plenaries

Speciation — how difficult can it be?

Qvarnstrom A'
'Uppsala University, Ecology and Genetics, Uppsala, Sweden

Summary statement:

Debated issues will form starting points for some excursions into recent studies on speciation. |
conclude that divergence is easy but co-existence difficult.

Abstract:

Interest in ecological speciation is growing, as evidence showing that natural selection can lead to
rapid divergence between subpopulations accumulates. However, whether and how ecological
divergence can lead to the build up of reproductive isolation remains under debate. How does
adaptation to the environment generate reproductive isolation? Does the relative roles of natural
and sexual selection change during the advancement of the speciation process? Can ecological
speciation occur despite homogenizing gene flow? Is genetic incompatibility really the end point or
can selection make populations compatible again? These questions will form the starting points of
some excursions into recent studies of speciation displayed in this talk. For example, research on
hybridizing Ficedula flycatchers will be used to illustrate how the combination of ecological and
genomic studies can be used to investigate how sensitive divergence is to gene flow. Another key
issue that | will discuss is why a life history perspective can be useful in the context of predicting
interactions between natural and sexual selection. | conclude that divergence is easy but co-
existence difficult.

anna.qvarnstrom@ebc.uu.se
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Plenaries

What, if anything, does a historian and philosopher have to say to real scientists?

Ruse M*
'Florida State University, Program in the History and Philosophy of Science, Tallahassee, United
States

Summary statement:

Should real working scientists take notice of the history & philosophy of science? By looking at
evolution, | shall argue that there is a value in the history & philosophy of science.

Abstract:

I am a historian and philosopher of science, specializing in evolutionary theory. | have written many
articles and over twenty books on my subject, one that | enjoy immensely. | feel that what | am doing
is interesting and | would like to think that others might also find my ideas interesting. | do think
about practical implications, but they are generally in the field of education. | have been much
involved in the fight in the USA against Creationism, and | believe that my scholarly work has paid
dividends. But | hardly ever think about whether my work has any implications for the practice of
science. | know that scientists read my work, but | don’t write for them as scientists, rather as people
who might find my work interesting. Am | short-sighted, am | selfish, am | putting myself down? In
this talk, given that my audience will be made up of scientists, | want to ask if what | do really does
have implications for the working scientist. In other words, should you put my work on the reading
lists of your students?

mruse@fsu.edu
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Sex, trauma and disease: Female responses to male inflicted mating injury in cimicids

Siva-Jothy MT"
'University of Sheffield, Animal & Plant Sciences, Sheffield, United Kingdom

Summary statement:
Female bed bugs are traumatically inseminated during mating. | examine and discuss the anatomical,
behavioural and physiological responses that have evolved as a consequence.

Abstract:

Male cimicids are obligate traumatic inseminators despite the fact the female has a fully functional
reproductive tract. Mating is under male control, occurs multiply during each mating episode and
involves non-sterile trauma. Females are therefore faced with a range of potential fitness reducing
consequences. | will present data which sheds light on these consequences and identifies novel
responses by females to the mating-associated immune-insults they receive.

m.siva-jothy @sheffield.ac.uk
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Outreach Symposium

Talks: Room N5

Invited Speakers:
Joseph Carroll, Esben Andersen, Michael Blume,
Frank Ryan

Organizers:
Thomas D‘Souza, Daniel Dreesmann

Description:

The outreach symposium “Evolution — more than biology” addresses applications
of evolutionary approaches in disciplines that, at first sight, have little in
common with evolutionary biology. The four invited speakers of the symposium
will cover society-relevant topics such as evolution of religion and religiousness,

evolutionary medicine, evolutionary economics and evolutionary literary study.

The following abstracts are sorted by first author last name in alphabetical order within this
symposium (independent of contribution type). Use the search function on your computer
to locate specific authors or keywords. Jumping between symposia is facilitated by the pdf
bookmarks.

This symposium is funded by the Volkswagen Foundation

i : .0 VolkswagenStiftung
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Outreach Symposium

Evolutionary economics and evolutionary biology

Andersen ES!

'Aalborg University, Business and Management, Aalborg, Denmark

Summary statement:

This paper presents modern evolutionary economics in a way that emphasises its relationships with
evolutionary biology.

Abstract:

Darwin derived much inspiration from economic theories of population and of the gradual and
competitive process of division of labour. And a naive type of old evolutionary economics used
inspiration from Darwin and Spencer. The link was for a while broken when the increasing level of
formality within economics led from Homo sapiens to a model of a perfectly rational and informed
“Homo Economicus”. Later, evolutionary game theory has combined within behavioural and
experimental economics to bring real life back to economics. For instance, it has been demonstrated
that people interpret economic situations in terms of three types of game: simple games of exchange
where the parties are striving to increase their utility, games of distribution where equal shares are
demanded, and games of collaboration that are upheld by the “altruistic” punishment of defective
behaviour. The development within biology of evolutionary methods of statistics and formal models
has helped evolutionary economics to analyse the evolution of systems of behavioural rules and
technologies. This development started as basic research, but we see the emergence of studies
within organisation science, finance, industrial dynamics, economic geography, development studies,
and environmental economics. We still need answers to two questions: How can we use some sort of
“generalised Darwinism” without turning to empty formalisms and without loosing understanding of
the radical differences between biological and economic evolution? How can we use the results of
behavioural evolutionary economics without loosing our focus on the highly complex processes of
economic evolution?

esa@business.aau.dk
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Outreach Symposium

Evolutionary Studies of Religiosity and Religions, started by Charles Darwin

Blume M*

'University of Jena, Study of Religion, Jena, Germany

Summary statement:

Although he underestimated the role of women and cooperative breeding, core theories developed
by Darwin on evolution of religiosity turn out to be surprisingly farsighted and viable.

Abstract:

For more than a century, evolutionary studies and religious mythologies have been debated primarily
in opposition to each other. But during the last decade, empirical and interdisciplinary studies about
the evolution of religiosity - understood as the (neuro-)biological tendencies to assume the existence
of superempirical agents such as ancestors, spirits, angels, gods or God - emerged, connected and
flourished. Firmly based on methodological agnosticism, they brought about new insights,
experiments, studies and hypotheses concerning the biological trait and its various cultural
expressions. And this approach towards an evolutionary understanding of religion turns out to be not
entirely new: Charles Darwin, who studied theology, devoted a subchapter and some dispersed
sentences of his eminent “Descent of Man, and Selection in Relation to Sex” (1871) to the emergence
of religious beliefs and their evolutionary effects. And he could draw on even older works such as
David Hume’s “The Natural History of Religion” (1757). In this lecture, Darwin’s core definitions and
hypotheses about the evolution of religiosity and religions are introduced and tested against
contemporary data and knowledge in the field.

mi.blume@email.de
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Outreach Symposium

The Historical Position of Literary Darwinism

Carroll JC!
'University of Missouri, St. Louis, United States

Summary statement:

| locate Literary Darwinism in the history of science and specify ways it can contribute to the
formation of a biologically grounded theory of culture.

Abstract:

| locate evolutionary literary study in a sequence of paradigm formations beginning with Charles
Lyell’s creation of a paradigm for geology about 200 years ago. Lyell’s geological theory was a
necessary precondition for Darwin’s theory of evolution by means of natural selection—the
foundation of modern evolutionary biology. After a hiatus of about a century, Darwin’s biological
paradigm provided the framework for modern research into the biological basis of human nature.
That research, in turn, provides the basis for evolutionary studies in the humanities, now about two
decades in the making. The paradigm for the evolutionary human sciences (“evolutionary
psychology”) is itself still incomplete. In recent years, evolutionists have been developing more
adequate ideas of cooperative group living and flexible general intelligence, but they have not yet
fully incorporated the idea of the “imagination” in their conception of human nature. As a result,
their conceptions of “culture” remain rudimentary. Literary Darwinists have assimilated the
evolutionary psychologists’ findings about human nature, and they can in turn offer illumination to
psychologists about the adaptive functions of the imagination. A comprehensively adequate model
of human nature is now within our reach, and it is already possible to delineate a basic analytic
structure for “biocultural critique,” that is, for literary interpretation from an evolutionary
perspective. | diagram a working model of human nature and a working model for biocultural
critique.

jecarroll@umsl.edu
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Outreach Symposium

Defining and developing the concept of viral symbiosis in evolutionary biology in general
and in human evolution in particular.

Ryan FP*
1University of Sheffield, Medicine/ Animal and Plant Sciences, Sheffield, United Kingdom

Summary statement:

There is growing evidence that viral symbiosis has contributed broadly to the evolution of life, and to
human evolution in particular. It offers major scope for new research.

Abstract:

The synthesis of Darwinian natural selection, mutation and Mendelian genetics has contributed
greatly to our understanding of evolutionary change. Meanwhile increasing knowledge of other
mechanisms, such as symbiogenesis, hybridogenesis, horizontal gene transfer in prokaryotes,
epigenetics, and events specific to evolutionary development, with natural selection operating in
different ways and at various levels, have widened our horizons to a diversity of evolutionary
possibilities. Viruses are genetic parasites long familiar as the cause of endemic and epidemic
diseases. Over the last decade or so we have become increasingly aware of a wider role for viruses,
possibly in the origins of life itself and certainly in its subsequent evolution to biodiversity as we see
it today. This relatively new, but growing, field has major implications for our understanding of life,
ecology, human and veterinary medicine, and agriculture. This has led to an expansion of novel
research extending across all of the biological and applied fields. It has been assisted, at molecular
level, by whole genomic sequencing, which has revealed extensive viral endogenization in
prokaryotes and eukaryotes, including all animals and plants that have been studied to date. In
particular, this is illustrated by the growing understanding of the viral role in human evolution.
Some 8% of the human genome consists of human endogenous retroviruses, or HERVs, and, if we
extend this to LINEs and SINEs, virus-linked legacy amounts to roughly half of the human DNA. Where
this was previously dismissed as “junk DNA”, there is growing evidence that HERVs, and related
genetic sequences, have made a major contribution to human evolution, and are playing important
roles in human embryology, reproduction and day-to-day physiology. This is a relatively new field
with considerable scope for novel multidisciplinary research.

f.ryan@sheffield.ac.uk
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Symposium 1

Microbe/macrobe experimental evolution

Talks: Room N7
Essence posters: Upper floor lecture hall centre HZ

Regular posters: Upper floor campus canteen Mensa

Invited Speakers:
Graham Bell, Richard E Lenski, Tadeusz Kawecki
Organizers:
Rhonda R Snook, Nick Colegrave, Thomas U Berendock, Oliver Kaltz,
Stéphanie Bedhomme, Santiago F Elena
Description:

Experimental evolution (EE) is a tool that has provided advances in
understanding fundamental evolutionary questions in real time. The symposium
goals are to (i) illustrate the diversity of uses of EE encompassing both microbial
and macrobial systems and/or (ii) to highlight how emerging next generation
techniques can be combined with EE for greater understanding of the genetic

basis of evolution.

The following abstracts are sorted by first author last name in alphabetical order within this
symposium (independent of contribution type). Use the search function on your computer
to locate specific authors or keywords. Jumping between symposia is facilitated by the pdf
bookmarks.
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Microbe/macrobe experimental evolution

Using experimental evolution to investigate X-linked sexually antagonistic genetic
variation in Drosophila melanogaster

Abbott JK*, Morrow EH’, Innocenti P*, Chippindale AK?
'Uppsala University, Department of Ecology and Genetics, Uppsala, Sweden, *Queen's University,
Biology Department, Kingston, Canada

Summary statement:

Male-limited X-chromosome evolution results in changes in expression level in genes associated with
metabolism, locomotory activity, and male courtship activity.

Abstract:

Previous results have shown that when replicate populations of Drosophila melanogaster were
exposed to many generations of male-limited (ML) experimental evolution, this resulted in
masculinization of the phenotype in both sexes and an increase in fitness in ML males relative to
control males, but a decrease in ML female fitness relative to control females. Theoretical and
empirical evidence that the X-chromosome should be a hotspot for sexually antagonistic genetic
variation, but the relative contributions of the X and autosomes to altered phenotype and fitness
could not be determined in the original ML experiment. | have therefore carried out novel
experimental evolution protocol where the X chromosome experiences male-limited expression, but
the autosomes are expressed in both sexes. | have found the expected increase in male fitness as a
result of male-limited X-chromosome (MLX) evolution, but there has been no concurrent decrease in
female fitness. This may be due to dominance effects on the X, since X-linked sexually antagonistic
genetic variation favouring males is expected to evolve to be recessive in females. | have also
investigated differences in gene expression between MLX and control groups and found that MLX
individuals have changed gene expression levels in genes associated with metabolism, locomotory
activity, and male courtship activity. This is consistent with previous research suggests that
locomotory activity is a sexually antagonistic trait with a substantial portion of the additive genetic
variance located on the X chromosome.

info@jessicakabbott.com
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The cost of codon usage bias and how to overcome it

Amorés Moya DY, D'Auria G*, Bedhomme S°, Bravo 1G**

1University Minster, Institute for Evolution and Biodiversity, Miinster, Germany, ’Centre for Public
Health Research (CSISP), Genomics and Health, Valencia, Spain, *Instituto de Biologia Moleculary
Celular de Plantas (CSIC-UPV), Evolutionary Systems Virology Group, Valencia, Spain, *Catalan
Institute of Oncology (ICO), Infection and Cancer Unit, L'Hospitalet de Llobregat, Spain

Summary statement:

Codon usage bias is not an obstacle for gene fixation upon HGT: fitness cost associated to mal-
adaptation can be overcome through compensatory evolution.

Abstract:

Non-optimal codon usage decreases gene translation efficiency, potentially leading to a fitness cost.
This cost is thought to be important in determining the success of horizontal gene transfer (HGT).We
have mimicked a HGT event and measured for the first time the fitness cost associated with codon
usage bias. We also used experimental evolution to evaluate the potential for adaptation and
eventually fixation of transferred genes.

Specifically, we used three versions of an antibiotic resistance gene, each version encoding for the
same protein but differing in its codon usage adaptation to the recipient organism (E. coli). Codon
usage mal-adaptation results in an important cost: bacteria carrying genes with a suboptimal codon
usage are ten to twenty times more sensitive to antibiotic than those with the optimal version. After
1000 generations of experimental evolution under antibiotic selective pressure, this fitness cost has
been overcome by fixation of both in cis changes in the gene promoter and in trans changes in the
host bacterial genome, gene silencing and gene lost. No mutations in the coding sequence of the
gene have been found. Some of the changes are shared among bacterial lines and constitute
experimental evidence for convergent molecular adaptive evolution. Further, pyrosequencing
analysis shows hints of plasmid/cell/population multilevel selection.

These results suggest that the initial high fitness cost of non-optimal codon usage is a minor obstacle
to gene fixation upon HGT and that the rapid evolution of regulatory mechanisms is of a great
importance in the adaptation to new environmental and genetic situations.

dolors.amoros@uni-muenster.de
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The effects of ecological opportunity and resource competition on the evolution of
genomic diversity

Bailey SF', Rodrigue N?, Kassen R'
'University of Ottawa, Department of Biology, Ottawa, Canada, “Agriculture and Agri-Foods Canada,
Ottawa, Canada

Summary statement:

We examine the genomes of Pseudomonas fluorescens populations experimentally evolved in
environments ranging in ecological opportunity and the potential for resource competition.

Abstract:

Ecological opportunity and resource competition are thought to drive the dynamics of adaptation
and diversification. Abundant opportunity leads to divergent selection which, in combination with
competition for those opportunities, can generate disruptive selection leading to faster and more
extreme adaptive differentiation. To test the effects of these ecological factors, we allowed
populations of Pseudomonas fluorescens to evolve in environments that varied in both ecological
opportunity and the potential for resource competition. We varied ecological opportunity by
changing the number of distinct carbon resources available, and varied the potential for resource
competition to drive disruption selection by providing those resources in either mixtures, or spatially
distinct patches with dispersal. Isolates from generation 1000 were then assayed on a range of
carbon sources in order to estimate phenotypic diversity, and the population genomes were
sequenced. We report the effects of ecological opportunity and resource competition on the
evolution of both phenotypic and genomic diversity.

susan.bailey@uottawa.ca
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Adaptation and the evolution of sex in facultative sexual rotifers

Becks L%, Agrawal AF'
'University of Toronto, Ecology and Evolutionary Biology, Toronto, Canada, “University of Cologne,
General Ecology, Cologne, Germany

Summary statement:

In experiments with a facultatively sexual rotifer, populations adapting to novel environments evolve
higher rates of sex due to a long-term advantages.

Abstract:

One of the oldest and most enduring hypotheses for the evolution of sex is based on the idea that
sexual reproduction facilitates adaptation. While previous empirical work showed that sexual
reproduction can accelerates adaptation, evidence that sex can evolve during times of adaptation is
still lacking. Using facultatively sexual rotifers, we present direct experimental evidence that
adaptation can drive the evolution of sex itself. We find that sex is favoured in novel environments.
Rates of sex evolved within adapting populations to higher levels, but declined when populations
were close to their fithess optimum. We found a similar, but consistent decline in the control
populations that stayed in the environment they previously were adapted to. We link these changes
in the rate of sex to their underlying population genetic mechanisms by experimentally inducing sex
in a subsample of the populations. Specifically, we find that long-term advantages of sex became
large in populations adapting to novel environments, but not in control populations. Compared to
non-adapting control populations in which sex is disfavoured, we find that sex has both a larger long-
term advantage and a smaller short-term disadvantage in adapting populations.

Ibecks@uni-koeln.de



13" Congress of the European Society for Evolutionary Biology
Tiibingen 2011

MON 22 AUG at 1440 - Room N7 Al
Invited talk B3-Sy01-1400-1

Symposium 1
Microbe/macrobe experimental evolution

The multifarious response to uniform natural selection

Bell G*
"McGill University, Biology Department, Montreal, Canada

Summary statement:

Evolution is an historical process with a wide range of potential outcomes when a population is
exposed to a novel stress.

Abstract:

Radical change in the conditions of life will usually cause extinction, but populations may sometimes
evolve a novel suite of adaptations. | report an experiment in which the green alga Chlamydomonas,
which is normally a photoautotroph, was cultured in the dark as a heterotroph. The surviving lines
document three leading features of adaptive evolution in novel and stressful environments:

(a) the range of direct response;

(b) the range of antagonistic response in the ancestral environment;

(c) the range of incidental response with respect to characters not directly associated with
adaptation.

Each line exhibited a unique combination within some constrained set of attributes.

graham.bell@mcgill.ca
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Intralocus sexual conflict over lifespan and aging in the seed beetle

Berg EC', Maklakov AA
'Uppsala University, Department of Animal Ecology, Uppsala, Sweden

Summary statement:

We used artificial selection on male lifespan and sex-specific fitness assays to expose the role of
intralocus sexual conflict over aging in a beetle.

Abstract:

Males and females have different routes to successful reproduction resulting in sex differences in
lifespan and age-specific allocation of reproductive effort. Theory suggests that while the tradeoff
between current and future reproduction is often resolved differently by males and females, both
sexes can be constrained in their ability to reach their sex-specific optima due to intersexual genetic
correlation (i.e. intralocus sexual conflict). Such genetic conflicts may have profound implications for
sex-specific trait evolution, but their role in aging remains largely unresolved. We examined this
guestion in the seed beetle, Callosobruchus maculatus, a model system for studying sex differences
in genetic architecture of lifespan and aging. Previous studies suggest that male C. maculatus
maximize their fitness by high reproductive investment early in life (“live-fast-die-young” strategy),
while females optimize their reproductive output by conserving energy for future reproduction.
Using a genetically heterogeneous stock population, we selected on male longevity for five
generations to create replicate long-life lines (n = 4) that lived on average 22% longer than short-life
lines (n = 4). We then performed comprehensive assays of longevity, aging and lifetime reproductive
success for males and females under the conditions that reflected recent evolutionary history of
these populations. In this paper we will discuss the results of these assays, which provide a direct
experimental test of the role of intralocus conflict in the evolution of lifespan and aging.

elena.berg@ebc.uu.se
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Adaptation to a novel environment can promote outcrossing and maintenance of mixed
mating in a preferentially self-fertilizing species

Carvalho SNL*, Teotonio H*
'Instituto Gulbenkian de Ciencia, Evolutionary Genetics Group, Oeiras, Portugal

Summary statement:

Intra-individual sexual selection might be an important mechanism for the evolution of mating
systems that has been unaccounted for in most theoretical models insofar.

Abstract:

While the role of mating systems on evolutionary adaptation has been widely studied, adaptive
explanations for the evolution of mating systems themselves and more specifically for the existence
of mixed mating systems has received less attention.

We performed experimental evolution on two sets of populations of the nematode Caenorhabditis
elegans differing in their breeding system: androdioecy (coexistence of males and self-fertilizing
hermaphrodites) and dioecy (males and females). Because males are produced by cross-fertilization,
the androdioecious system could evolve towards selfing, outcrossing or mixed mating by changes in
the relative proportions of self- and cross-fertilization events. Dioecious populations provided the
standard for full outcrossing.

Androdioecious populations exhibited intermediate levels of crossing (50%) throughout 100
generations of experimental evolution, a rate several orders of magnitude higher than outcrossing
rates estimated for natural populations based on molecular markers.

Measurements of reproductive output and viability of hermaphrodites under conditions of selfing
and outcrossing and measurements of the same phenotypes in females reveal similar phenotypic
evolution between the females and outcrossed hermaphrodites and significant lower phenotypic
change of hermaphrodites under conditions of selfing.

Altogether, our results suggest the action of opposing selective forces between male and female
reproduction components within hermaphrodites.

saracarvalho@igc.gulbenkian.pt
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High mortality leads to slower aging

Chen H-Y*, Maklakov A!
'Uppsala University, Animal Ecology, Uppsala, Sweden

Summary statement:

Our results show that longer lifespan and lower late-life mortality rates evolve under high condition-
dependent mortality challenging the classic aging theory.

Abstract:

Aging is a phenomenon that affects nearly all organisms, but why and how aging evolves is still
unclear. The classic theory predicts that high extrinsic mortality should lead to accelerated aging
because the strength of selection declines with age. Consequently, deleterious mutations that show
effects at late age, or pleiotropic mutations that are beneficial at young age but deleterious at late
age, would rise in frequency. However, mortality in nature is likely to be condition-dependent and
recent theory suggests that condition-environment interactions may result in the evolution of
decelerated aging under high extrinsic mortality. Environmental stress, as a source of extrinsic
mortality, can select for decreased susceptibility to the stress, resulting in prolonged lifespan and
decelerated aging in a population. There is strong evidence suggesting that genes involved in stress
resistance can prolong lifespan but studies of the evolution of lifespan and aging under condition-
dependent selection are currently lacking. Here, we subject the nematodes Caenorhabditis remanei
to experimental evolution under four life-history regimes for twelve generations: 1) High Random
Mortality; 2) Low Random Mortality; 3) High Condition-dependent Mortality and 4) Low Condition-
dependent Mortality. We confirmed the classic prediction by showing the evolution of shorter
lifespan under High Random Mortality. Remarkably, we show that longer lifespan and lower late-life
mortality rates evolve under High Condition-dependent mortality supporting the novel theory. These
results challenge the classic theory and suggest that the source of mortality plays a key role in the
evolution of aging.

hwei-yen.chen@ebc.uu.se
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Experimental approach to the study of fisheries induced evolution

Diaz Pauli B, Utne Palm AC', Reznick DN?, Heino M***

'University of Bergen, Department of Biology, Bergen, Norway, *University of California, Riverside,
Department of Biology, Riverside, United States, *Institute of Marine Research, Bergen, Norway,
*International Institute for Applied Systems Analysis, Laxenburg, Austria

Summary statement:

We carry out an experimental evolution study to assess the effects of size-selective fishing on life-
history traits of the model species Poecilia reticulata.

Abstract:

Fishing is a selective process. Fish with the most desirable characteristics are captured and removed
from the population, thus reducing the chance that these fish pass their genes to next generations.
Fishing is commonly size-selective, removing the bigger and economically more valuable individuals,
but it also selects other life-history traits, morphologies and behaviours. Increased mortality favours
fast life histories; active fishing gear favours fish that are good at either escaping or hiding and,
passive gears, such as gillnets, may favour altered body shapes and lesser activity. Therefore, given a
genetic basis of the phenotypic variation, fishing can cause evolution towards a less sustainable and
profitable populations.

To assess the effects of fishing on populations we carry out an experimental evolution study.
Experimental populations of Trinidadian guppies, Poecilia reticulata, are harvested every sixth week,
removing big individuals (positive size selection), small individuals (negative size selection) or a
uniform random proportion of individuals (no size selection). The experimental selection started in
October 2010; here we present the (initial) responses of the populations to the selection regimes
with regards to their size distribution, size at maturation and population dynamics.

beatriz.diaz-pauli@bio.uib.no
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Effects of low oxygen adaptation on sperm-offence and sperm-defence in Drosophila
melanogaster

Dobler R*, Charette M?, Reinhardt K}, Rundle HD?

'University of Tiibingen, Institute for Evolution and Ecology, Tiibingen, Germany, *University of
Ottawa, Department of Biology and Centre for Advanced Research in Environmental Genomics,
Ottawa, Canada

Summary statement:

We assessed the effects of adaptation 1) on sperm performance in different environments (GxE) and
2) on time dynamics of sperm competition abilities.

Abstract:

The interaction between genotypes and environment can have strong effects on survival and fitness
of individuals. However, little is known about the effects of different environments on the interaction
between sperm and egg. Adaptation to different environments may lead to changes in male and
female physiology (e.g., internal pH or O2-saturation) and hence alter the metabolism of sperm and
egg. Differences in gamete viability of individuals from different environment in different
environments may not be immediate (i.e., within the first hours after mating), but may only be
detectable after several hours or days. We selected lines of fruit flies (Drosophila melanogaster) for
over 40 generations in a low oxygen (hypoxic) environment (5% 02) to test effects of adaptation on
male fitness. We assessed the sperm-offence and sperm-defence abilities of hypoxy-adapted and
non-adapted males over six days when mated to control females in either a hypoxic or a normal
environment. We expect 1) to find an interaction between the male type (i.e., hypoxy-adapted or
non-adapted) and the mating environment and 2) that sperm-offence and sperm-defence abilities
change differently over time in hypoxy-adapted and non-adapted males, respectively.

ralph.dobler@uni-tuebingen.de
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Ecological factors determine the cost of cooperation and selection for cheats in bacterial
metapopulations

Dumas Z*, Kimmerli R
'EAWAG, Environmental Microbiology, Diibendorf, Switzerland, ’ETH Zrich, Department of
Environmental Sciences, Zirich, Switzerland

Summary statement:

We show that patchy resource distribution and increased public goods durability contribute to the
evolutionary stability of cooperation in a bacterium

Abstract:

The bacterium Pseudomonas aeruginosa releases pyoverdin into the environment to scavenge
insoluble or host-bound iron. Pyoverdin is a public good that can be shared among neighbouring
cells. Consequently, pyoverdin producers are vulnerable to exploitation by pyoverdin-deficient
mutants (cheats) that reap the benefit without paying the costs. Indeed, selection for cheats has
been observed in laboratory studies, but contrasts with observations from natural environments
where pyoverdin producers persist. To understand this discrepancy, we compared the strengths of
selection for cheats in four patch-structured metapopulations differing in the following conditions:
(1) all patches were strongly iron limited; (2) half the patches received low iron supplements, which
mirrors localized increased iron availability as occurring in damaged host tissues; (3) half the patches
inherited some pyoverdin from previous generations, which considers that pyoverdin can be durable
and recyclable across generations; and (4) a combination of the second and third treatment. We
show that all conditions were iron-limited, but investment into pyoverdin and thereby its production
cost gradually decreased from treatment (1) to (4). This cost reduction impacted selection for cheats,
which was strong under high iron limitation, but significantly weaker when iron or pyoverdin was
supplemented. No selection for cheats occured in treatment (4), where pyoverdin over-producers
were favoured. Our findings indicate that patchy iron distribution and pyoverdin durability, two
important components of P. aeruginosa ecology, significantly contribute to the maintenance of
cooperative pyoverdin production in nature.

zoe.dumas@eawag.ch
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Temperature increase affects virulence in a Paramecium-Caedibacter system

Dusi E*, Krenek S*, Schrallhammer M*, Berendonk TU*
'TU Dresden, Institute of Hydrobiology, Dresden, Germany

Summary statement:

Short term temperature increase has a direct effect on parasite virulence in different host life stages.

Abstract:

Host-parasite coevolution is driven by a variety of factors, including extrinsic and intrinsic
components. One of the main forces in host-parasite interactions is parasite virulence, the fitness
reduction of the host caused by the parasite. Abiotic environmental changes like increasing
temperature affect both parasite and host and are able to modify the coevolutionary dynamics,
especially virulence evolution, in short and long term. To determine the short-term effect of
increasing temperature on virulence, we used the bacterial parasite Caedibacter taeniospiralis
harboured within the cytoplasm of the unicellular eukaryote Paramecium tetraurelia. Caedibacter
taeniospiralis is an obligate intracellular parasite, which does not shift its transmission mode from
vertical to horizontal, but rather transmits mainly vertical. In our experiments, we compared the host
growth rate and its carrying capacity in different temperature treatments including the host
optimum and a host stress temperature. In response to a short term temperature increase, we found
differences in virulence affecting both host life stages. In the future we will compare the data of the
short term experiment with the subsequent long term treatment.

eike.dusi@tu-dresden.de
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Fitness associates sex and the costs of competence in long-term evolved populations of
Streptococcus pneumoniae

Engelmoer DJP*, Donaldson I*, Bergman C', Rozen DE!
1University of Manchester, Faculty of Life Sciences, Manchester, United Kingdom

Summary statement:

Costs of recombination in long-term evolved S. pneumoniae are mitigated by periodic stress, which is
reflected in fitness, rates of recombination and genome changes.

Abstract:

Recombination plays a central role in shaping the structure of bacterial genomes. Less clear are the
benefits that recombination provides to evolving bacterial populations. Recombination can increase
the rate of adaptation by combining beneficial mutations and slow the rate of Muller’s Ratchet.
Alternatively, by breaking up combinations of beneficial alleles, recombination can be costly, in
addition to its likely metabolic cost. Bacterial transformation is part of a broader change in cell state
called competence. Competence is often induced under changing or stressful conditions, suggesting
that benefits of transformation apply only to certain environmental conditions. Such conditional
benefits are encapsulated in the fitness-associated-sex (FAS) hypothesis, which predicts that
recombination is favoured during conditions when the fitness of the organism is low. To test this
hypothesis we evolved sexual and asexual strains of the naturally competent bacterium S.
pneumoniae in benign or periodically stressful conditions for 1,000 generations. We find thatin a
benign environment competence has a fitness cost and evolved recombining lines are less fit than
their asexual counterparts. However, consistent with FAS this cost is mitigated when populations are
exposed to periodic stress. In addition, while stressed populations retain wild-type recombination
rates, this is dramatically reduced in strains evolved in benign conditions. Whole genome re-
sequencing of all evolved lines will iluminate the mechanistic basis of these results. Our data
highlight the context dependence of costs and benefits of bacterial transformation and support
predictions of the FAS hypothesis.

dengelmoer@gmail.com



13" Congress of the European Society for Evolutionary Biology
Tiibingen 2011

SUN 21 AUG at 1730 - upper floor campus canteen Mensa « ﬁ"l
Regular poster A5-Sy01-i007-R

Symposium 1
Microbe/macrobe experimental evolution

Recombination reduces the rate of Muller’s ratchet in the bacterium Streptococcus
pneumoniae

Evans BA', Rozen D*
1University of Manchester, Faculty of Life Sciences, Manchester, United Kingdom

Summary statement:

We provide the first evidence that bacterial sex can serve to reduce the fixation rate of deleterious
mutations.

Abstract:

Quantifying the costs and benefits of sex and recombination remain a central problem in
evolutionary biology. One hypothesised benefit of recombination is that it reduces the fixation rate
of deleterious mutations. Here we test this hypothesis by examining the effects of recombination on
the rate of fitness decline due to Muller’s ratchet in the naturally competent bacterium
Streptococcus pneumoniae, by incorporating recombination into a classic mutation accumulation
experimental design.

Forty S. pneumoniae lines derived from a common ancestor were passaged through daily bottleneck
transfers of a single cell. Half of these lines were maintained asexually, while the rest were randomly
paired twice weekly and induced to recombine by natural transformation. The experiment ran for
approximately 1500 generations, comprising approximately 100 single cell bottlenecks and, in the
case of the recombining treatment, 30 rounds of induced recombination.

We find that in both the recombining and the non-recombining treatments, lines had decreased
exponential growth rates (RGRs) relative to the ancestor. Consistent with the idea that
recombination slows Muller’s ratchet, the mean reduction in RGR of the recombining lines was
significantly less than that of the non-recombining lines. However, we find no difference in variation
in RGR among lines across treatments. Genome re-sequencing of all endpoint lines is being used to
estimate treatment-specific mutation rates and the rate that mutations are removed by
recombination. These data provide the first evidence that bacterial sex can serve to reduce the
fixation rate of deleterious mutations.

benjamin.evans@manchester.ac.uk
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Trade-offs shape the evolution of virulence in the vector-borne insect pathogen
Xenorhabdus nematophila

Ferdy J-B', Chapuis E?, Arnal A
'Université Toulouse 3 - CNRS, Evolution et Diversité Biologique UMR 5174, Toulouse, France, *IRD,
Montpellier, France, 3CEFE, Montpellier, France

Summary statement:

The virulence of the bacterium Xenorhabdus nematophila increases its vector parasitic success but its
survival during dispersal.

Abstract:

Our current understanding on how pathogens evolve rely on the hypothesis that pathogens’
transmission is traded-off against host exploitation. This central idea originates from a thirty years
old mathematical model. But the main assumption it relies on, i.e. the idea that pathogens
contagiousness increases with virulence while preserving host survival can enhance transmission, has
received little empirical support.

Here we applied the experimental evolution protocol on Xenorhabdus nematophila a hyper-virulent
bacterial insect pathogen. We produced 20 bacterial lineages that have different virulences towards
their insect host. In nature Xenorhabdus nematophila is transmitted by a nematode vector,
Steinernema carpocapsae, which reproduces in the insects that have been killed by the bacteria it
carries. We found that nematode parasitic success increases with bacteria virulence, but that their
survival during dispersal decreases with the number of bacteria they carry. Other bacterial traits,
such as production of the haemolytic protein xaxAB, have a strong impact on nematodes
reproduction. We then estimated pathogens’ fitness, which we divided into one parasitic component
and one dispersal component. We found that the number of bacteria nematodes carry positively
influences the parasitic component of fitness but negatively impacts the dispersal component.

These results demonstrate the potential for a trade-off between host exploitation and transmission
in Xenorhabdus nematophila. They therefore both support the trade-off theory of pathogen
evolution and suggests that it can apply to pathogens that are hypervirulent and vector transmitted.

ferdy@cict.fr
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The ecology and genetics of Pseudomonas fluorescens "Fuzzy Spreaders” evolving in
spatially structured microcosms

Ferguson GC', Rainey PB"*
1Massey University Auckland, Institute for Advanced Study, Auckland, New Zealand, ’Max Planck
Institute for Evolutionary Biology, Plon, Germany

Summary statement:

Precisely how FS interacts with WS and SM types at the air-liquid interface, along with the genetic
basis of the phenotype, is the focus of current investigations.

Abstract:

When propagated in a spatially structured environment, the bacterium Pseudomonas fluorescens
SBW?25 rapidly diversifies into a range of niche specialist genotypes. “Smooth” (SM) types colonize
the broth phase of static cultures; “wrinkly spreader” (WS) types colonize the air-liquid interface in
the form of a mat, via the over-expression of an acetylated cellulose-like polymer; and fuzzy
spreaders (FS) form large, spreading colonies with a “fuzzy” appearance and appear to occupy the
floor of the microcosm. While the WS type is well characterised, little is known about the ecology
and genetics of the FS type. Closer inspection of FS growth within spatially structured microcosms
revealed interesting ecological interactions between the three dominant emergent types: FS isolates
observed over time initially began growth at the air-liquid interface, with clumps of cells attempting
to spread as a biofilm but ultimately falling to the microcosm floor. This pattern of growth would
suggest that FS competes with WS for occupancy of a similar niche. FS performs very poorly in
competition with WS for this niche; however, it repeatedly arises and increases in frequency
whenever spatially structured microcosms are seeded with an ancestral type, suggesting that either
it occupies a subtly different niche to either WS or SM, or is maintained as a consequence of negative
frequency-dependent interactions between the other two types. We have located the causal
mutation of the FS phenotype and uncovered a surprising genetic link between the FS and WS
phenotypes: reconstruction of the FS mutation in WS creates a mutant unable to form a strong mat
at the air-liquid interface.

gaylecferguson@ymail.com
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Evolution in species assemblages

Fiegna F', Barraclough TG, Bell T*
"Imperial College London, Ascot, United Kingdom, “Imperial College London, Silwood Park, Ascot,
United Kingdom, *University of Oxford, Department of Zoology, Oxford, United Kingdom

Summary statement:

We used bacterial assemblages to determine the effects of species richness on evolutionary
responses to changing environments in the beech tree-hole laboratory system.

Abstract:

A key task for understanding the dynamics of living systems, and for predicting the impacts of human
activities on those systemes, is to understand how ecosystems respond to environmental change. Two
types of responses and their interactions can be considered: ecological (differences in community
structure) and evolutionary (genotypic changes within species). We tested whether ecological
interaction in communities tend to increase, decrease of not affect the amount of evolution within
component species. Using an assemblage of bacteria isolated from tree-holes of beech (Fagus
sylvatica), we assembled random mixtures of species and exposed them to environmental change, in
terms of a shift in pH and resource type in turn. Growth rate comparison of ancestral and evolved
isolates (from monoculture and polyculture background) showed significant differences among
clones that survived in experimental communities. Many showed a differential response based on
which other species was present in the mix. These results demonstrate that species richness and
composition can influence the adaptive responses of species to environmental change. The results
will generate new conceptual understanding of the interaction between ecological and evolutionary
processes in ecosystems facing environmental change.

f.fiegna@imperial.ac.uk



13" Congress of the European Society for Evolutionary Biology
Tiibingen 2011

MON 22 AUG at 1730 - upper floor campus canteen Mensa « ﬁ"l
Regular poster B5-Sy01-i011-R

Symposium 1
Microbe/macrobe experimental evolution

Less-diversifying genotypes in a bacterial adaptive radiation: generalists?

Flohr RCE', Rainey PB?, Beaumont HJE!
'Delft University of Technology, Bionanoscience, Delft, Netherlands, ’New Zealand Institute for
Advanced Study, Massey University, Auckland, New Zealand

Summary statement:

Experimental adaptive radiation of Pseudomonas fluorescens can be suppressed by the emergence
of genotypes that appear to use a generalist strategy.

Abstract:

Aim: Adaptive radiation is a key mechanism for the evolution of biological diversity, but experimental
insight into the factors that shape it is still limited. Here we present results from an ongoing
experiment that seeks insight into the role of organismal factors.

Methods: Experimental populations of the bacterium Pseudomonas fluorescens readily diversify into
several niche specialist genotypes that coexist in a spatially structured environment. We use a
previously described selection regime to obtain genotypes with a reduced capacity to diversify and
examine the ecological and genetic causes using a suite of competition experiments and a genomic
selection cassette that allows detection of evolved niche specialists at low frequencies.

Results: Preliminary analysis of a less-diversifying genotype that emerged early in the selection
experiment revealed that it does give rise to niche specialists by mutation, but that these reach only
very low frequencies not detectable without the selection cassette. Pairwise comparison of the
competitive abilities of the less-diversifying and two opposing niche-specialist genotypes indicated
that invading niche specialists are suppressed more by the less-diversifying type than by each other.
Conclusions: These preliminary results suggest that the reduced capacity to diversify is due to a
generalist strategy of the ancestor. The possibility of generalists in this model adaptive radiation
sheds new light on how evolvability and ecological opportunity interact to shape adaptive radiations.

r.c.e.flohr@tudelft.nl
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Adaptation of Escherichia coli to the mammalian gut

Gordo I', Batista J*, Sousa A", Bergman ML', Miskinyte M", Xavier K, Demengeot J*
YInstituto Gulbenkian de Ciéncia, Oeiras, Portugal

Summary statement:

High rate of adaptive mutations and pervasive clonal interference in E. coli adapting to the
mammalian gut.

Abstract:

Organisms adapt through mutations that are random with respect to their needs. Adaptation
depends on the mutation rate, the genotype and the nature of the environment. A great deal of our
understanding of the process of adaptation comes from studying the dynamics of adaptation of
microbial populations in in vitro experimental evolution settings. An important phenomena that has
been recurrently observed in microbial populations undergoing adaptive evolution to laboratory
conditions is named clonal interference. This phenomenon is expected to occur whenever the
mutational input to novel beneficial mutations is high, which is more likely in large populations.
Clonal interference is characterized by the simultaneous competition of clones carrying different
adaptive mutations and its effect will lead to dynamics of adaptation very different from those
expected under more classical models where single adaptive mutations increase in frequency
towards fixation one at a time - the classical single selective sweep model. The patterns of molecular
variation and evolution are also different under clonal interference and adaptive evolution will be
characterized by the fixation of stronger effect mutations, because those are the ones most likely to
win the intense competition that takes place under clonal interference. It is not known if this
theoretical predicted and in vitro tested phenomenon takes place in more natural conditions. Here
we study adaptation of Escherichia coli to its natural environment: the mammalian gut. Using a
classical mice colonization system we show that the rate of mutation to new beneficial alleles is very
high and that clonal interference is pervasive.

igordo@igc.gulbenkian.pt
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Experimental evolution of bet hedging in Neurospora crassa provides support for the
geometric-mean fitness principle

Graham JK', Smith ML?, Simons AM*
'Carleton University, Department of Biology, Ottawa, Canada, *Carleton University, Department of
Biology & Institute of Biochemistry, Ottawa, Canada

Summary statement:

N. crassa was subjected to experimental selection in lines differing in unpredictability. Spore
dormancy fraction evolved as predicted by bet-hedging theory developed for plants.

Abstract:

The geometric-mean principle states that natural selection will result in traits that maximize fitness
over the long term even if they are disadvantageous over the short term. However, no direct
empirical test of the geometric-mean principle exists. Cohen’s classic model of the evolution of seed
dormancy as bet hedging in angiosperms offers a simple and direct test: the geometric-mean fitness
is maximized by the evolution of dormancy proportional to the frequency of “bad years”, including
for bad-year frequencies < 0.5 (i.e. a good year is expected). Here, in an experimental test of the
geometric-mean principle, we allow ascospore dormancy fraction in the fungus Neurospora crassa to
evolve under five selection regimes that differ in the frequency of bad years (0, 0.2, 0.3, 0.4, 0.5).
Final dormancy fractions across the five selection lines are consistent with Cohen’s predictions, and
evolved both upward and downward from a range of starting dormancy fractions in 12 genetic
crosses. Our experimental results provide direct evidence that fluctuating selection acts to increase
the geometric-mean fitness.

andrew_simons@carleton.ca
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Evolved resistance of Staphylococcus aureus and Staphylococcus epidermidis to the
cationic antimicrobial peptide, pexiganan

Habets M*, Brockhurst MA*
'University of Liverpool, Institute of Integrative Sciences, Liverpool, United Kingdom

Summary statement:

Our data will provide essential insight into the mechanism of resistance for a novel class of
antibiotics.

Abstract:

Cationic antimicrobial peptides (AMP) of the innate immune system provide a first line of defense
against intruding microorganisms. These peptides are seen as a potential weapon against
increasingly antibiotic -resistant microbes, and are being developed into drugs. The presumption is
that resistance to these AMPs is difficult to evolve; however, it has been shown previously that
against one of these novel antibiotics, pexiganan, resistance arises in both Escherichia coli and
Pseudomonas fluorescens within 700 generations. As pexiganan will be introduced as a drug against
infections of foot ulcers, if/when approved by the FDA, it will thus be necessary to examine whether
bacteria responsible for these infections are also capable of evolving rapid resistance.
Staphylococcus aureus and Staphylococcus epidermidis are a common cause for infections of foot
ulcers in diabetics. We have examined the emergence of resistance by transferring six populations of
each species every 48 hours to increasing concentrations of pexiganan. Reduced susceptibility has
rapidly arisen in S. aureus and S. epidermidis and we are examining its associated costs. Whole
genome sequencing of evolved lines will illuminate the mechanistic basis of resistance. In addition,
we will test whether compensation occurs for costly resistance mutations when resistant strains are
grown in the absence of the drug. Our data will provide essential insight into the mechanism of
resistance for this novel class of antibiotics.

michelle.habets@liv.ac.uk
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Antagonistic coevolution between clones of the social amoeba Dictyostelium discoideum

Hollis B*?
1University of Lausanne, Department of Ecology and Evolution, Lausanne, Switzerland, ’Florida State
University, Department of Biological Science, Tallahassee, United States

Summary statement:

An experimental evolution approach with social amoebae reveals changes in the magnitude of
"cheating" by different clones within only 10 social generations.

Abstract:

Social groups face a fundamental problem of overcoming selfish individuals capable of destroying
cooperation. The social amoeba Dictyostelium discoideum has emerged as a model system in the
study of cooperation and conflict. These amoebae live as solitary haploid cells, reproducing until
resources are scarce and then aggregating to form a slug that later develops into a fruiting body.
There is evidence that some clones (“cheaters”) contribute disproportionately to the viable spores
that will be dispersed while avoiding the dead stalk cell fate. It remains unclear if this cheating is
actually the product of selection favoring cheaters and represents an adaptation. Relatedness is high
in fruiting bodies collected from the wild, suggesting that the conflict demonstrated in the lab may be
rare in nature and “cheating” may actually result from pleiotropic effects of divergent genes. Here |
report the results of an experimental evolution study lasting ten social generations that was designed
to test whether clones of Dictyostelium discoideum will evolve to exploit other clones in the
laboratory. When two clones (one GFP-labeled and one wild type) were allowed to develop together
and coevolve over the course of the experiment, one of the clones reliably increased its
representation in the spores relative to control clones that had never been in the presence of one
another. This exploitation was even greater when an experimental manipulation was used to prevent
one competing clone from coevolving. Taken together, these results indicate strong antagonism
between clones and ample genetic variation for cheating upon which natural selection can act.

bhollis@bio.fsu.edu



13" Congress of the European Society for Evolutionary Biology
Tiibingen 2011

TUE 23 AUG at 1730 - upper floor campus canteen Mensa Oy
Regular poster C5-Sy01-i012-R

Symposium 1
Microbe/macrobe experimental evolution

Genes in conflict: Effects of experimental sexual selection on post-mating molecular
interactions in Drosophila pseudoobscura females

Immonen E, Snook RR?, Ritchie MG*
'University of St Andrews, Centre for Evolution, Genes and Genomics (CEGG), St Andrews, United
Kingdom, 2University of Sheffield, Animal & Plant Sciences, Sheffield, United Kingdom

Summary statement:

Experimentally evolved populations of D. pseudoobscura subjected to different sexual selection
regimes were used to identify mating responsive genes under antagonistic selection.

Abstract:

It is now well established that promiscuity can generate sexual conflict resulting in antagonistic
selection between the sexes, but more knowledge of the molecular processes and genes evolving
under antagonistic selection is required. Previous studies have focused on post-mating gene
expression changes in females in order to identify the molecular components of male-female
interactions. However, which of the changes associated with mating are targeted by antagonistic
selection is still poorly understood. We used experimentally evolved populations of D.
pseudoobscura to address this question. Populations were subjected to either an enforced
monogamy (M) treatment, which eliminates sperm competition, or an elevated promiscuity (E)
treatment with intensified sperm competition and the opportunity for sexual conflict. We compared
the gene expression profiles of M and E females as a response to mating with either M or E males, as
well as of virgin females, in order to disentangle the effects of mating from those of the sexual
selection regime. The differentially expressed genes and molecular pathways involved will be
discussed.

eil0@st-andrews.ac.uk



13" Congress of the European Society for Evolutionary Biology
Tiibingen 2011

SUN 21 AUG at 1710 - Room N7 4lll
Oral presentation A4-Sy01-1710-0O

Symposium 1
Microbe/macrobe experimental evolution

High genetic diversity accelerates adaptive radiation in microbial microcosms

Jousset A', Merker M, Eisenhauer N?, Scheu S*
'Georg-August University Gottingen, Gottingen, Germany, “University of Minnesota, Department of
Forest Resources, St. Paul, United States

Summary statement:

Genetic recombination improves the fitness of Pseudomonas fluorescens in presence of complex
competitor communities, showing that biodiversity may accelerate evolution

Abstract:

Adaptive radiation is a central element of bacterial fitness and biodiversity. Diversification usually is
assumed to result from natural selection of randomly occurring mutants. However, the underlying
mutation process is by no means passive. Bacteria possess enzymes like site-specific recombinases
controlling genomic rearrangement and therefore diversification processes. We used model
Pseudomonas fluorescens communities to investigate the regulation of recombinases and their role
in bacterial fitness in mixed communities. We used a recombinase deficient mutant to follow the role
of recombination for bacterial fitness in bacterial communities of increasing richness and mean
genotypic dissimilarity. Further, we followed the expression of XerD a recombinase required for
phenotypic radiation. We show that the expression of XerD is upregulated if carbon resources are
becoming limiting. Similarly, XerD was overexpressed at high community diversity, presumably due
to niche pre-emption resulting in resource limitation. Recombination strongly increased bacterial
fitness in diverse communities, which corresponded to a spread of new phenotypic variants.
However, the XerD deficient mutant performed better at low diversity, suggesting that the
generation of new phenotypes is costly in absence of selective pressure. The results indicate that
flexible expression of the factors driving diversification is of prime importance for bacterial fitness in
diverse communities. Moreover, the high expression of recombinases at high diversity indicates that
diverse communities may evolve faster than less diverse ones, and therefore adapt faster to varying
environmental conditions.

ajousse@gwdg.de
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Reverse evolution: selection against costly resistance in disease-free microcosm
populations of Paramecium caudatum

Kaltz O', Duncan AB?, Fellous S*
'Université Montpellier 2, Institut des Sciences de I'Evolution (ISEM), UMR 5554, Montpellier, France

Abstract:

Costs of parasite resistance arise if genes conferring resistance reduce fitness in the absence of
parasites. Thus, parasite-mediated selection should lead to increased resistance and a correlated
decrease in fitness, whereas relaxed parasite-mediated selection should lead to reverse evolution of
increased fitness and a correlated decrease in resistance. We tested this idea in experimental
populations of the freshwater protozoan Paramecium caudatum and the parasitic bacterium
Holospora undulata. After 8 years, resistance to infection and asexual reproductive rate were
compared among paramecia from (i) infected populations, (ii) uninfected naive control populations
and (iii) previously infected, now parasite-free (= recovered) populations. Paramecia from infected
populations were more resistant (+12%), but had lower reproductive rates (-15%) than paramecia
from naive populations, indicating an evolutionary trade-off between resistance and fitness.
Recovered populations showed the same average reproductive rates as naive populations; however,
resistance of recently recovered populations was similar to paramecia from infected populations,
while longer recovered populations were as susceptible as naive populations. This suggests a weak
trade-off between resistance and fitness, allowing fitness to be regained, without complete loss of
resistance. Thus (co)evolution with parasites can leave a genetic signature in a population, even
when the parasite has disappeared for many generations.

oliver.kaltz@univ-montp2.fr
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The genomic architecture of adaptation in Drosophila melanogaster

Kapun M*, Orozco-terWengel P*, Kofler R*, Nolte VV*, Schi6tterer C*
Wetmeduni Wien, Institut fur Populationsgenetik, Wien, Austria

Summary statement:

We find evidence for positive selection on the genomic level by an experimental evolution approach
in Drosophila melanogaster.

Abstract:

Aims: Understanding rates and patterns of positive selection is one of the most debated questions in
evolutionary biology. Using a laboratory natural selection experiment and next generation
sequencing, we are trying to find traces of positive selection on the genomic level in Drosophila
melanogaster.

Methods: We performed a natural laboratory selection experiment by exposing replicate populations
of D. melanogaster, which were collected in northern Portugal, to a novel environment (laboratory
culture conditions at 28°C respectively) for more than 30 discrete generations. Using pooled
sequencing, we determined the genome-wide allele frequencies for three different time points: start
of the experiment, after 15 and 30 generations.

Results: We show that a large number of SNPs are affected by selection already after 15 generations,
with pronounced excess on 3R. Consistent with previous results, we found none of the selected SNPs
to be fixed by selection.

Conclusions: We noted that most of the selected changes occurred within 15 generations suggesting
that the selective response is very high, but plateaus quickly. We will discuss several evolutionary
scenarios that could explain our observations.

capoony@gmail.com
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Experimental evolution of tolerance to chronic malnutrition in Drosophila: From life
history to genomics

Kawecki TJ', Vijendravarma RK*
1University of Lausanne, Department of Ecology and Evolution, Lausanne, Switzerland

Summary statement:

After >100 generations of evolution under nutritional stress fruit flies evolve changes in life history,
growth pattern, behavior and gene expression patterns.

Abstract:

Many animal populations are periodically faced with insufficient food abundance or quality, and thus
should have evolved adaptations that reduce the fitness consequences of malnutrition. We are using
experimental evolution to study adaptation to chronic larval malnutrition in Drosophila
melanogaster. Every generation the larvae of our experimental populations must complete
development on nutritionally diluted food, which in non-adapted populations leads to 20 %
reduction in viability, three-fold longer larval development, and adult weight reduced by half. We will
summarize the changes in life history, growth pattern, immunity, behavior and gene expression
patterns associated with adaptation to these extreme conditions. We will also address to what
degree plastic responses to nutritional stress predict evolutionary responses.

tadeusz.kawecki@unil.ch
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Co-evolutionary arms race between public good cooperators and cheaters in a pathogenic
bacterium

Kuemmerli R

'Swiss Federal Institute of Aquatic Science & Technology (EAWAG), Environmental Microbiology,
Diibendorf, Switzerland, *Swiss Federal Institute of Technology Zurich, Department of Environmental
Sciences, Zurich, Switzerland

Summary statement:

Using a public good trait, | demonstrate an evolutionary arms race between bacterial cooperators (to
escape exploitation) and cheaters (to optimize exploitation).

Abstract:

The opportunistic pathogen Pseudomonas aeruginosa releases pyoverdin into the environment to
scavenge host-bound iron, making it available for metabolism. Pyoverdin represents a public good
that can be used by other bacteria in the vicinity. Public good cooperators are vulnerable to cheating
by individuals that no longer contribute, but still benefit from the contributions made by
cooperators. However, it is unknown whether cooperators and cheaters can show adaptive
responses to the presence of the other type, and whether these responses would result in an
evolutionary arms race between cooperators (to escape exploitation) and cheaters (to increase
exploitation efficiency). To tackle this question, | serially transferred mixed populations of
cooperators and cheaters to fresh media, and monitored their frequency across 120 generations of
experimental co-evolution. | found strong support for a co-evolutionary arms race:

(1) There were high temporal fluctuations in the relative frequencies of cooperators and cheaters,
which significantly differed from the continuous cooperator decrease expected in the absence of co-
evolution;

(2) trans-generational fitness assays revealed that cooperators escaped exploitation by cheaters from
the past, but were highly vulnerable to cheaters from the future.

Finally, | sequenced evolved strains at candidate loci coding for genes involved in the production,
uptake, and regulation of pyoverdin to shed light on the genetic basis of the observed arms race.

rolf.kuemmerli@eawag.ch
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Experimental multihost evolution of Tobacco etch virus and role of historical
contengencies in evolution

Lafforgue G', Elena SF', Bedhomme S*
'IBMCP (CSIC), Valencia, Spain

Summary statement:

We evaluate the specificities of differents evolutionary history in differents host of a initial TEVclone.
Do we have a signature of antagonistic pleiotropy and local adaptation?

Abstract:

In the context of extension of the host range, a virus can recurrently be submitted to the selection
pressures of a new host or to the selection pressures of various alternating hosts, depending on the
ecological conditions. We were interested in (1) understanding the different strategies of adaptation
that can result from these two situations, and (2) analyzing the importance of historical
contingencies in the context of adapation to a new host.

In a first experimental evolution phase, we started from an infective clone of the Tobacco etch virus
(TEV) and derived experimental lines, transferred either on the same host at each transfer (specialist
lines) or on alternative host (generalist lines) in a first time. We used four different hosts, derived ten
replicates of the four specialist populations and of three generalist populations. In a second
experimental evolution phase, the lines with the seven different evolutionary histories were serial
transferred on the same host.

After each of two experimental evolution phases, we used a complete crossed design to evaluate the
infectivity and the virulence of all the evolved virus lineages on the four hosts. These data allowed us
to look for the signature of antagonistic pleiotropy and of local adaptation after the first phase and
we were also able to evaluate how the specificities of each evolutionary history faded out during
evolution on the same host. We also acquired the consensus sequences of the 70 evolved lineages
after each phase and analysed the host specificity and the history,specificity of the mutations
accumulated in each lineage, after each step.

guilaf@upvnet.upv.es
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Evolutionary trade-off between two consolidated memory phases in Drosophila

Lagasse F', Preat T?, Mery F'
'LEGS CNRS, Gif sur Yvette, France, ’ESPCI CNRS, Paris, France

Summary statement:

Artificial selection of memory in Drosophila suggests an evolutionary trade-off between the two
forms of memory phases and flies lifespan are differently affected by the selection.

Abstract:

Memory is a complex and dynamic process composed of different phases. Its evolution under natural
selection likely depends on a balance between fitness benefits and costs. Learning and memory
capacities trade-off with other fitness related traits. However, very little is known about the pattern
of genetic correlations among different memory phases. In Pavlovian aversive olfactory conditioning
in Drosophila, two separate forms of consolidated memory phases can be formed: Anesthesia
Resistant Memory (ARM) and Long Term Memory (LTM). In recent years, several studies have
focused on the neurological differences between these long-lasting memories types, but how they
evolved and are maintained remains unknown. We performed two independent artificial selections
on ARM and LTM. After 23 generations, lines selected for improved ARM or LTM had higher memory
scores than respective control lines 24h after massed or spaced conditioning respectively.
Surprisingly, compared to control lines, lines selected for improved ARM had lower 24h memory
scores when subjected to spaced conditioning and lines selected for improved LTM had lower 24h
memory scores when subjected to massed conditioning. We believe this is the first evidence of an
evolutionary symmetrical trade-off between two memory phases for the same learning task.
Moreover, selection for improved LTM shortens lifespan whereas selection for improved ARM does
not affect flies’ longevity which suggests a constitutive cost of LTM selection on fitness. Such trade-
offs may have important impacts on the evolution of cognitive capacities and help explain why
evolution has maintained two consolidated memory phases.

fabrice.lagasse@legs.cnrs-gif.fr
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The Effects of Herbicide Cycling on the Evolution of Resistance in Chlamydomonas
reinhardtii

Lagator M*, Vogwill T*, Colegrave N*, Neve P*
The University of Warwick, School of Life Sciences, Coventry, United Kingdom, *The University of
Edinburgh, School of Biological Sciences, Edinburgh, United Kingdom

Summary statement:

We investigated the merits of herbicide cycling as a method of retarding the evolution of resistance
and its effects on the fitness of the evolved strains of C. reinhardtii.

Abstract:

Evolution of herbicide resistance in naturally occurring plant populations is a major problem facing
modern agriculture. Cycling between herbicides with different modes of action has been proposed as
a means of retarding or even preventing the evolution of resistance. The efficacy of herbicide cycling
has been demonstrated in theoretical models, but rarely empirically. It has been generally accepted
that herbicide rotation hampers the evolution of resistance.

We experimentally evolved populations of Chlamydomonas reinhardtii in the presence of growth
inhibitory concentrations of three herbicides with distinct modes of action. Different populations
were exposed to a weekly, biweekly and tri weekly cycling between all three possible pairings of
herbicides; to a weekly and biweekly cycle between all three; as well as continuously to each of the
three herbicides.

We present data showing that the effects of herbicide rotation do not always act against the
evolution of resistance. Indeed, we show that in some cases rotation can increase the rates of
herbicide resistance evolution, as well as lead to a more generalist response and wider cross-
resistance patterns. These generalist resistant strains exhibited higher fitness in the presence of
herbicides and a higher cost in the ancestral environment. The outcomes of herbicide cycling regimes
will ultimately depend on a large number of factors and prior knowledge of these will be required
before advocating effective strategies for delaying evolution of herbicide resistance.

m.lagator@warwick.ac.uk
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Phenotypic and genomic evolution in a 50,000-generation experiment with bacteria

Lenski R'
"Michigan State University, Department of Microbiology and Molecular Genetics, East Lansing,
United States

Summary statement:

This talk will provide an overview of phenotypic and genomic changes in evolving E. coli populations
during a 50,000-generation experiment.

Abstract:

Evolution is an on-going process, and therefore it can also be studied experimentally in those
organisms with short generations. To that end, 12 initially identical populations of Escherichia coli
have been propagated in a simple environment since 1988. Two goals of this long-term experiment
have been to characterize the dynamics of evolutionary change and examine the reproducibility of
outcomes. We have measured adaptation by natural selection, documented increased specialization
over time, observed the rise of mutator phenotypes, and even seen the origin of a function that
transcends the usual definition of E. coli as a species. We have pursued various approaches to
discover the mutations responsible for these changes, including several that affect global regulatory
networks. We have also sequenced complete genomes to find all of the mutations in temporal series
of clones from some populations. These genomic data provide new insights into the coupling of
phenotypic and genomic evolution, and into the role of complex mutations in the origin of new
functions.

lenski@msu.edu
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Experimental evolution of antibiotic resistance in Pseudomonas aeruginosa

MacLean C'
'University of Oxford, Zoology, Oxford, United Kingdom

Summary statement:

To study antibiotic resistance, we use experimental evolution in the P.aeruginosa. Resistance
evolution is driven by the interaction between ecology and molecular biology.

Abstract:

The evolution of antibiotic resistance in pathogenic bacteria has emerged as an important health
problem by raising the mortality rates and economic costs associated with bacterial infections. To
study the underlying evolutionary processes driving antibiotic resistance, we use experimental
evolution of rifampicin resistance in the pathogenic bacterium Pseudomonas aeruginosa. Using
highly replicated short-term selection experiments, we challenge hundreds of populations of
Pseudomonas with adapting to rifampicin. The genetics and biochemistry of rifampicin resistance
have been exquisitely characterized, making it possible to determine the underlying genetic and
biochemical basis of variation in fitness among mutations at a large scale. First, we will demonstrate
how this approach can be used to determine how the molecular mechanisms of resistance interact
with the ecological and genetic context in which resistance evolves to determine the fitness benefits
and costs of resistance mutations. Second, we will demonstrate how the molecular basis of
resistance and the ecological context in which resistance evolves interact to determine the rate and
dynamics of resistance evolution. Our work highlights the importance of developing an
interdisciplinary approach to the study of evolution that combines ecology and molecular biology
into the same evolutionary framework.

craig.maclean@zoo.ox.ac.uk
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Does evolution in temporally-varying environments require specific adaptations?

Magalh3es S', Cailleau A?, Blanchet E?, Olivieri I
Centro de Biologia Ambiental, Lisboa, Portugal, %Institut des Sciences de I'Evolution de Montpellier,
Montpellier, France

Summary statement:

Herbivorous spider mites evolving in an alternating environment are better adapted to that
environment than to each environment separately.

Abstract:

Adaptation to environments that vary in time may be composed of a combination of the adaptations
pertaining to each environment separately. Alternatively, there may be adaptations that are specific
to the alternation itself. To test this, we performed experimental evolution of a cucumber-adapted
population of herbivorous spider mites on two novel host plants, tomato and pepper. Five replicate
lines evolved during 40 generations in homogeneous environments, where all generations were
exposed to the same host plants, or in a temporally varying environment, where each plant was
provided in alternating generations. Subsequently, we crossed either two lines evolving in each
homogeneous environment of the same plant (tomato line (T)1 * T 2 and pepper line (P)1 * P2) , two
lines evolving in the alternating environment (alternating line (A)1 * A2), or one T and one P line
(T*P). We measured the performance (fecundity and survival) of each of these crosses in
homogeneous environments (tomato or pepper) or in an alternating regime of tomato and pepper.
Alternation was done every three days or at each generation. We found that, in homogeneous
environments, A lines performed either worse than both T and P lines, or not differently from their
average performance. However, in alternating environments, A lines performed sometimes better
than both T and P lines. We can thus conclude that specific adaptations to an alternating
environment evolved in the A lines.

snmagalhaes@fc.ul.pt
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Life cycle choices: lag phase evolution in stochastic environments

Magennis M, Allen RJ?, Dawson A%, MacPhee CE?, Poon WCK?, Colegrave N*
'University of Edinburgh, Institute of Evolutionary Biology, Edinburgh, United Kingdom, *University of
Edinburgh, SUPA and School of Physics and Astronomy, Edinburgh, United Kingdom

Summary statement:

We are investigating lag phase evolution in bacteria adapted to predictable laboratory environments
and to unpredictable stochastic conditions approximating natural environments.

Abstract:

During the life cycle of bacteria, the lag phase is a pre-growth step when cells prepare the molecular
machinery necessary for growth in new environments. The smaller the environmental change, the
shorter the adjustment period to the novel conditions and this is expressed phenotypically as a
shorter lag phase.

In laboratory selection experiments, as bacteria adapt to conditions, their lag phase may shorten.
The organisms may be capable of anticipating the time that they will move into the new
environment, thus requiring less time in lag once they move environments. A shorter lag phase
enables quicker growth and provides a selective advantage over slower-growing cells. However, it is
not known why bacteria in nature have retained a lag phase. One possible explanation is that
laboratory environmental conditions are static i.e. cells are transferred to media of the same
composition at a regular time interval, whereas in nature the environmental conditions vary
randomly and bacteria are unable to anticipate the changes.

We are investigating lag phase evolution in bacteria adapted to predictable laboratory environments
and to unpredictable stochastic conditions approximating natural environments. We hypothesise
that in a stochastic environment, the conditions cannot be predicted and minimising the lag phase
may not be possible. We are also interested in how the lag phase relates to the rest of the growth
cycle. These results will increase our understanding of the evolution of growth processes of bacteria.

$9649559@sms.ed.ac.uk
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Experimental removal of sexual selection reveals adaptations to polyandry in both sexes

Martin OY*
'ETH Ziirich, Institute for Integrative Biology (IBZ), Zirich, Switzerland

Summary statement:

Beetles of both sexes evolving experimentally under polyandry out-perform monogamous
counterparts in polyandrous contexts but not when maintained monogamously.

Abstract:

The evolutionary interests of males and females are often opposed, except under strict genetic
monogamy when sexual conflict and sexual selection are absent. Polyandry is very widespread, so
conflict between the sexes is frequently unavoidable, with impacts on multiple facets of
reproduction. Precise knowledge of the consequences of adapting to the presence of sexual selection
is critical to understanding the evolution of polyandry. Here an experimental evolution approach is
applied to Tribolium castaneum to assess adaptations in both sexes to polyandry and presence of
sexual selection/conflict. Specifically, male and female reproductive success (RS) and male paternity
success are assessed for individuals from monogamous versus polyandrous selection lines.
Experimental animals were subjected to monogamous versus polyandrous test regimes to assess
how selection history determines male and female RS and whether animals from contrasting
backgrounds are better adapted to their accustomed context. Under polyandry, both males and
females from the polyandrous regime had greater RS than monogamous counterparts. In contrast,
beetles from polyandrous and monogamous regimes did not differ in RS if maintained
monogamously. This suggests that in both sexes adaptations to polyandry provide benefits only in
the presence of sexual selection. Overall, these findings show that differential sexual selection
intensity, achieved here through mating system (monogamy versus polyandry), can profoundly affect
reproductive fitness in both sexes. Future efforts will aim to pinpoint precise mechanisms
responsible for determining reproductive success and assess divergence in further traits.

oliver.martin@env.ethz.ch



13" Congress of the European Society for Evolutionary Biology
Tiibingen 2011

SUN 21 AUG at 1630 - Room N7 4lll
Oral presentation A4-Sy01-1630-0O

Symposium 1
Microbe/macrobe experimental evolution

Experimental evolution of a plant pathogen into a legume symbiont

Masson-Boivin C', Capela D', Tasse L', Cruveiller S°, Chane-Woon-Ming B, Guan S', Gris C', Marchetti
M', Médigue C°, Batut J*
1INRA, Castanet-Tolosan, France, 2Genoscope, Evry, France

Summary statement:

Experimental evolution of a plant pathogen towards legume symbionts and analysis of genome
modifications using genome resequencing.

Abstract:

Legumes and bacteria collectively known as rhizobia cooperate in a nitrogen-fixing symbiosis of
major ecological importance that occurs on all continents and accounts for a fourth of the nitrogen
fixed annually on earth. Rhizobia are a rare example of phylogenetically disparate bacteria that have
achieved the same complex biological function, raising fascinating questions regarding their
evolution. Ample evidence indicates that horizontal transfer of symbiotic plasmids/islands has played
a crucial role in rhizobia evolution. However, adaptive mechanisms that allow the recipient genomes
to express symbiotic traits are unknown.

We have launched the experimental evolution of a plant pathogen into legume symbionts using a
“design then evolve” strategy. We transferred the symbiotic plasmid of the Mimosa symbiont
Cupriavidus taiwanensis into the phytopathogen Ralstonia solanacearum, generating a non-
nodulating and still pathogenic chimera, that was subsequently evolved towards legume symbionts
using serial plant-bacteria cocultures. 9 independent lineages have been derived from three ancestral
nodulating clones. Phenotypic analysis of evolved clones showed that all have acquired intracellular
infection ability, whereas the wild-type R. solanacearum is strictly extracellular. Resequencing of
evolved clones allowed identifying two types of adaptive mutations in the hrpG-controlled virulence
pathway of R. solanacearum that are crucial for the transition from pathogenicity towards
mutualism. Our findings predict that natural selection of adaptive changes in the legume
environment following horizontal transfer has been a major driving force in rhizobia evolution and
diversification.

catherine.masson@toulouse.inra.fr
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Clinal differentiation of polygenic traits: How much is it expressed in a novel environment
and what are the outcomes of adaptation?

Matos MM', Fragata I*, Sim&es P, Barbaro AM*, Cunha M*, Lima M", Kellen B*, Santos J*
'Faculty of Sciences University of Lisbon, Centre for Environmental Biology, Lisbon, Portugal

Summary statement:

The ‘catch 22’ of clinal variation of polygenic traits and how we can fly out of it.

Abstract:

Clinal variation provides strong evidence for the role of local adaptation in the differentiation of
populations. There are many examples of latitudinal clines in Drosophila, involving inversions, body
size, developmental time, stress resistance, etc. But there are also disparities in the literature, in
particular for physiological and life-history traits. While inversions can be characterized directly,
polygenic traits are affected by the environment, due to plasticity. This implies that populations have
to be analysed after some generations in a common environment. . Nevertheless, genotype-by-
environment interactions may also affect the pattern of differentiation between populations, limiting
extrapolations to genetic differences in the natural environment — a typical ‘catch 22’.This may
explain part of the disparities between studies. Another source of contrast may be the number of
generations populations spent in the laboratory before analysis. Studying the evolution of
populations from contrasting latitudes in a common environment, periodically assayed in different
conditions (e.g. temperatures) will provide important information related with these issues. This
study analyses how populations of Drosophila subobscura from three contrasting European latitudes
evolve in a common, laboratorial environment for a set of physiological, behavioural and life-history
traits. Will they express a clinal pattern at an early generation, ‘mimicking’ the expected pattern in
nature? If so, how dependent is this pattern on the assayed conditions (e.g. temperature)? Finally,
will populations converge during laboratory evolution?

mmatos@fc.ul.pt
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Adaptive landscapes in evolving populations of Pseudomonas fluorescens

Melnyk AH', Kassen R*
'University of Ottawa, Biology, Ottawa, Canada

Summary statement:

This is an experimental study on the underlying adaptive landscape of 2 simple laboratory
environments as inferred from adaptation of multiple replicate strains of P. fluorescens.

Abstract:

The repeatability of adaptive evolution depends on the ruggedness of the underlying adaptive
landscape. We contrasted the relative ruggedness of adaptive landscapes across two environments
by measuring the variance in fitness and metabolic phenotype within and among genetically distinct
strains of Pseudomonas fluorescens in two environments differing only in the carbon source
provided (glucose vs. xylose). Fitness increased in all lines, plateauing in one environment but not the
other. The pattern of variance in fitness among replicate lines was unique to the selection
environment; it increased over the course of the experiment in xylose but not in glucose. Metabolic
phenotypes displayed two results: (1) populations adapted via changes that were distinctive to their
selection environment, and (2) endpoint phenotypes were less variable in glucose than in xylose.
These results indicate that although the response to selection is highly repeatable at the level of
fitness, the underlying genetic routes taken were different for each environment and more variable
in xylose. We suggest that this reflects a more rugged adaptive landscape in xylose compared to
glucose. Our study demonstrates the utility of using replicate selection lines with different
evolutionary starting points to try and quantify the relative ruggedness of adaptive landscapes.

anita.melnyk@uottawa.ca
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Experimental evolution exposes male and female responses to sexual conflict and
inbreeding in the red flour beetle

Millard AL*
University of East Anglia, School of Biological Sciences, Norwich, United Kingdom

Summary statement:

Experimetal evolution techniques provide powerful evidence for the relative role of sexual selection,
sexual conflict and inbreeding in the red flour beetle.

Abstract:

Utlising experimental evolution techniques in the red flour beetle Tribolium castaneum has allowed
the parallel exploration of a number of trait responses by direct experimental manipulation of sexual
selection and inbreeding. Fifty generations of sex ratio manipulation has led to evolved populations
in which males from male bias populations display increased competitive capacity by mating faster
and more often than their counterparts from female bias populations. Concurrent assays of female
reproductive fitness showed that females raised in female bias populations showed a decrease in
fitness when mated with multiple males. Females raised in the parallel male bias populations were
able to resist deleterious effects of multiple mating, providing direct evidence for the presence of
sexual conflict in this system. We have also used this system to investigate the advantages of
multiple mating under inbreeding by using experimental evolution to create multiple replicate inbred
lines of 8 generations of sib-sib matings. Reduced female reproductive fitness was found in inbred
lines, yet enforced polyandry rescued female fitness to the level of outbred females. Subsequent
behavioural assays have shown that inbred females have in fact developed more polyandrous
behaviour in response to inbreeding, providing direct evidence for the evolution of polyandry as a
mechanism of inbreeding avoidance.

a.millard@uea.ac.uk
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Coevolution between the red flour beetle Tribolium castaneum and Bacillus thuringiensis
bacteria - are infection routes relevant?

Milutinovic B, Kurtz J*
YInstitute for Evolution and Biodiversity / University of Miinster, Animal Evolutionary Ecology,
Minster, Germany

Summary statement:

Different routes of infection (septic wounding or oral infection) might be relevant for host-parasite
coevolution in the red flour beetle T. castaneum and Bacillus thuringiensis.

Abstract:

Host-parasite interactions come with extremely high selection pressures and rapid adaptations might
thus be observed in both antagonists (Red Queen Dynamics). In our experiments, we are using the
red flour beetle Tribolium castaneum and its bacterial microparasite Bacillus thuringiensis to
investigate the mechanisms involved in reciprocal adaptation. In this context, the outcome of the
interaction between hosts and parasites might dependent on the respective host and parasite
populations (genotype interactions), but also on the realized route of infection. We thus set out to
compare the infectivity of a range of B. thuringiensis strains in several host populations with different
experimental infection routes in the laboratory. The oral route is normally viewed as the natural way
of infection. B. thuringiensis bacteria can be highly abundant in the natural environment, where they
mostly persist as spores. During the sporulation phase these bacteria produce insecticidal &-
endotoxins which are specific to different orders of insects and are activated in the gut where they
cause damage to the host tissue. On the other hand, beetles collected from natural habitats often
show multiple injuries, suggesting that septic wounding could also be a relevant way of infection.
Whether or not oral way of infection also shows specificity is not yet known. So far we observed
strong differences in the host survival between the two routes of infection. Beetle populations
differed in their susceptibility upon oral and septic infection. This may suggest that host-parasite
coevolution in different populations might also depend on the prevailing route of infection and its
associated specificity.

bmilu_01@uni-muenster.de
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Mutation rates and intra-specific divergence of the genome of the nematode Pristionchus
pacificus

Molnar RI*, Sommer RJ!
'Max-Planck-Institute, Evolutionary Biology, Tuebingen, Germany

Summary statement:

Genetic variation in wild type isolates and mutation rate estimates from MA lines guide us into
obtaining first insights into minimal divergence times in Pristionchus pacificus.

Abstract:

Evolutionary reconstruction of the natural history of an organism benefits from studies of mutational
processes as the source of natural variation. The nematode Pristionchus pacificus has been
established as a model system in evolutionary developmental biology for comparison to
Caenorhabditis elegans. P. pacificus has a well-defined association with scarab beetles, the ecology
and phylogeny are well known and recent studies on LaRéunion Island provide a case study to link
population genetics with ecology and evo-devo. We assess the genome evolution of P. pacificus using
the mutation accumulation (MA) lines approach to study spontaneous mutation rates in the
mitochondrial genome and representative microsatellite markers. The major aim is to relate genetic
variation in wild isolates to the mutation rate estimates from the MA lines in order to obtain first
insight into minimal divergence times in P. pacificus. Mitochondrial DNA analysis reveals an unusual
suppressor tRNA for the codon UAA that has most likely influenced the spectrum of observable
mutations in the MA lines. With a mitochodrial mutation rate of 7.6x10-8 per site per generation, we
calculated the minimum time to the most recent common ancestor at 105 to 106 generations
between nine representative isolates of the species (Molnar et al. 2011). Similarly, microsatellite
markers are used to robustly provide minimal divergence time estimates for 30 closely related strains
from LaRéunion. The combination of mutation rate analysis with intra-specific divergence provides a
powerful tool for the reconstruction of the natural history of P. pacificus.

ruxandra.molnar@tuebingen.mpg.de
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Mutation accumulation studies of green algae

Morgan AD", Ness RW*, Keightley PD", Colegrave N*
'University of Edinburgh, Institute of Evolutionary Biology, School of Biology, Edinburgh, United
Kingdom

Summary statement:

Mutation accumulation studies will allow us to determine the distribution of fitness effects of
mutations and the extent of synergistic epistasis.

Abstract:

We are combining the advantages of using microbes to study evolution (e.g. short generation times
and large scale replication) with the latest whole genome sequencing techniques, in order to address
a key question in population genetics - the nature of new mutational variation. We are bottlenecking
several strains of the green alga Chlamydomonas reinhardtii, and other species of green algae, to a
single cell under conditions of relaxed natural selection for several hundred generations. This
approach will allow all but the most strongly deleterious mutations to accumulate. We will test for
changes in various components of fitness in multiple environments using growth rate assays and
competitions. From these data we will infer the distribution of fitness effects of mutations (DEM)
from the distribution of fitnesses of different replicates. We will also infer the extent of synergistic
epistasis. We plan to sequence the whole genome of several lines before and after the mutation
accumulation experiment. The sequence data will allow us to estimate the mutation rate per site per
generation (u), and comparison between species and strains of the starting populations will allow
molecular estimates for the DEM of natural populations which can be compared to the phenotypic
estimates from the laboratory.

andrew.morgan@ed.ac.uk
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Toward masculinity in mushrooms by experimental evolution

Nieuwenhuis BPS®, Aanen DK!
'Wageningen University, Laboratory of Genetics, Wageningen, Netherlands

Summary statement:

Forcing hermaphroditic mushroom fungi to mate in the male role in an experimental evolution setup
leads to increased competitve male ability, without reduction in female function.

Abstract:

Sexually antagonistic selection may lead to suboptimal sex roles. We studied this potential conflict
between the sexual roles in a mushroom-forming fungus, which has a hermaphroditic life cycle. This
life cycle starts with a haploid mycelium that during mating donates its nucleus type to another
mycelium (male function) and simultaneously receives the nucleus type of the latter (female
function). We performed an evolution experiment to select for increased masculinity, i.e. for success
as a nucleus donor, and tested for trade-offs with female traits for 20 initially identical lines. We
serially passed the evolving nuclei through a not-coevolving receiving mycelium for 20 sexual
generations. Most of the evolved lines showed a dramatic increase in competitive fitness in the male
role relative to the ancestral strain (for some lines up to 100-fold). All evolved lines were still capable
to accept a nucleus, i.e. were still functional as female; furthermore, we did not see reduced
performance of the somatic growth phase. One of the 20 lines had evolved strongly increased spore
production. Genetic analysis showed that this trait segregated with one of the mating type loci,
indicating close linkage. Altogether, we did not find clear trade-offs between the male and female
traits we measured. This is consistent with the notion that the male function in fungi, i.e. the
donation of a nucleus, is essentially cost free.

bart.nieuwenhuis@wur.nl
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Horizontal gene transfer alleviates the inhibitory effect of microbial diversity on resistance
evolution

Perron GG', Lee A’, Wang Y°, Huang W?, Barraclough TG*
"Harvard University, FAS Center for Systems Biology, Cambridge, United States, *Imperial College
London, Ascot, United Kingdom, 3Sheffield University, Sheffield, United Kingdom

Summary statement:

To our knowledge, this study presents the first experimental evidence for the evolutionary benefits
of horizontal gene transfer in diverse microbial populations.

Abstract:

Horizontal transfer of antibiotic resistance genes is believed to explain the frequency of antibiotic
resistance among pathogenic bacteria. Despite extensive evidence from retrospective sequence
analyses, experimental evidence for the benefits of horizontal gene transfer (HGT) is lacking. Using
experimental populations of the soil bacterium, Acinetobacter baylyi, we show that HGT can alleviate
the inhibitory effect that emerges from microbial diversity on resistance evolution. We first
demonstrate that the presence of different antibiotic-resistant genotypes in mixtures of bacteria
inhibits the evolution of de novo multidrug-resistant genotypes; multidrug-resistance evolves readily
in the same antibiotic-resistance bacteria when grown in monocultures. Comparing evolution in the
transformable wildtype and in a genetically engineered strain that lacked the ability to incorporate
exogenous DNA, we show that HGT not only alleviated this inhibitory effect, but also favoured the
rapid evolution of multidrug-resistance in the bacterial mixtures. Also, by adding treatments of naked
DNA to experimental populations of the bacterium, we identified the genetic mechanism promoting
resistance evolution. The addition of naked DNA harbouring a resistant gene promoted adaptation of
the transformable wildtype strain, whilst the addition of susceptible naked DNA did not favour
resistance evolution. Given that most microbial communities are extremely diverse, our results show
that the benefits of HGT depend on levels of genetic diversity directly present in the surrounding of
the bacteria and proposed a new mechanism to explain the maintenance of HGT in bacterial
populations.

gperron@fas.harvard.edu
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Experimental evolution of protection against a toxic fungus in Drosophila larvae

Rohlfs M*, Trienens M*
'Georg-August Universitat, J.F. Blumenbach Institute of Zoology and Anthropology, Géttingen,
Germany

Summary statement:

Drosophila larvae evolve tolerance of rather than resistance to a fungal competitor, which positively
correlates with reduced sensitivity to the fungal chemical defense system.

Abstract:

In analogy to the evolution of internal immunological countermeasures against parasitic
microorganisms, animals are expected to be selected for the employment of external defense
mechanisms to achieve immunity against noxious microbes. We tested this idea by subjecting
replicated populations of Drosophila melanogaster larvae to the lethal impact of their fungal
competitor Aspergillus nidulans. In line with our expectation, insects from fungal selected
populations evolved enhanced survival when exposed to the noxious mold. Mutualistic yeast
communities provided a general benefit to both fungal selected and unselected control populations
but did not remediate evolved differences caused by the selection regimes. Increased protection in
the fungal selected insect populations positively correlated with reduced sensitivity to the extremely
toxic fungal compound Sterigmatocystin. In contrast to our expectation that Drosophila larvae evolve
increased resistance which in turn reduces fungal fitness, larvae from fungal selected populations
were not better at suppressing fungal growth. Rather, we observed a trend towards a less
detrimental effect on A. nidulans colony expansion when fungi were confronted with larvae from
fungal selected populations (compared to the effect of unselected control larvae). Thus, tolerance
rather than resistance mechanisms appear to be favored when Drosophila larvae are exposed to the
selective pressure of detrimental but non-parasitic microbes.

mrohlfs@uni-goettingen.de
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Host-parasite local adaptation after experimental coevolution of Caenorhabditis elegans
and its microparasite Bacillus thuringiensis

Schulte RD', Schulenburg H?
'University Osnabrueck, Behavioural Biology, Osnabrueck, Germany, “University of Kiel, Department
of Evolutionary Ecology and Genetics, Kiel, Germany

Summary statement:

We detected different host-parasite local adaptation patterns in single populations which
experimentally coevolved. Crucial was the comparison with evolved control populations.

Abstract:

Coevolving hosts and parasites can adapt to their local antagonist. In studies on natural populations,
the observation of local adaptation patterns is thus often taken as indirect evidence for coevolution.
Based on this approach, coevolution was previously inferred from an overall pattern of either
parasite or host local adaptation. Many studies, however, failed to detect such a pattern. One
explanation is that the studied system was not subject to coevolution. Alternatively, coevolution
occurred, but remained undetected because it took different routes in different populations. In some
populations it is the host that is locally adapted, whereas in others it is the parasite, leading to
absence of an overall local adaptation pattern. We here test for overall as well as population-specific
patterns of local adaptation using experimentally coevolved populations of the nematode
Caenorhabditis elegans and its bacterial microparasite Bacillus thuringiensis. Importantly, we
assessed the importance of random interaction effects using control populations that evolved in the
absence of the respective antagonist. Our results demonstrate that experimental coevolution
produces distinct local adaptation patterns in different replicate populations, including host, parasite
or absence of local adaptation. Our study thus provides experimental evidence of the predictions of
the geographic mosaic theory of coevolution, i.e. that the interaction between parasite and host
varies across populations. It furthermore shows the value of experimental evolution for studies of
local adaptation.

rebecca.schulte@biologie.uni-osnabrueck.de
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Genomic analysis of Bacillus thuringiensis parasites coevolved with a Caenorhabditis
elegans host

Sheppard A', El Masri L%, Brzuszkiewicz E*, Branca A*, Saebelfeld M*, Barann M®, Behrens S*,
Bornberg-Bauer E*, Daniel R?, Liesegang H?>, Rosenstiel P°, Schulenburg H*

'Christian Albrechts University of Kiel, Evolutionary Ecology and Genetics, Zoological Institute, Kiel,
Germany, “University of Tuebingen, Animal Evolutionary Ecology, Institute of Evolution and Ecology,
Tuebingen, Germany, 3Georg-August-University of Goettingen, Goettingen Genomics Laboratory,
Institute of Microbiology and Genetics, Goettingen, Germany, *‘Westfaelische Wilhelms University
Muenster, Evolutionary Bioinformatics, Institute for Evolution and Biodiversity, Muenster, Germany,
>Christian-Albrechts University of Kiel, Institute of Clinical Molecular Biology, Kiel, Germany

Summary statement:

We use next generation sequencing technologies to investigate the underlying genetic basis of
experimental host-parasite coevolution.

Abstract:

We study experimental host-parasite coevolution using the nematode Caenorhabditis elegans and
the pathogenic bacterium Bacillus thuringiensis. The host and parasite were allowed to coevolve for
28 host generations (coevolution treatment). In parallel, the parasite was allowed to adapt to a non-
evolving host (one-sided adaptation treatment), as well as in host-free conditions (control
treatment). Each of the three experimental evolution conditions resulted in a different outcome: i)
parasites from the coevolution treatment maintained high levels of virulence, ii) parasites from the
control treatment lost virulence, and iii) parasites from the one-sided adaptation treatment were
varied, with some populations showing high levels of virulence and some low levels of virulence.
Remarkably, in all cases, low virulence was correlated with biofilm formation, while highly virulent
populations did not form biofilms. We are combining sequencing data from two different next
generation platforms (454 and SOLID) and conventional Sanger sequencing to obtain whole genome
sequences of the starting strains and a number of evolved clones of B. thuringiensis. In parallel, at
the population level , we are analysing specific genes that are most likely to be under selection
during the experiment, to determine patterns of change over time. Here we focus on central
regulators affecting virulence and life-history traits, as well as toxins known to be involved in
pathogenicity. The genomic changes identified will be presented in relation to the phenotypic
changes that occurred during the evolution experiment and in the broader context of host-parasite
coevolutionary theory.

asheppard@zoologie.uni-kiel.de
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Evolution of molecular markers under age-specific selection in the seed beetle

Stojkovic BY, Djordjevic M?, Jovic J?

'Faculty of Biology, University of Belgrade, Chair of Genetics and Evolution, Belgrade, Serbia,
’Institute for Biological Research “Sinisa Stankovic”/ University of Belgrade, Department of
Evolutionary Biology, Belgrade, Serbia, *Institute for Plant Protection and Environment, Belgrade,
Serbia

Summary statement:

Analysis of 6 molecular markers shows that long-term age-specific selection resulted in significant
divergence of seed beetle laboratory populations.

Abstract:

The distribution of allelic variation at 5 microsatellite loci and a 658bp long fragment at the 5’ end of
the mitochondrial gene cytochrome c oxidase subunit | (COIl), frequently used for species
identification (“DNA barcoding”), were analyzed in eight laboratory populations of seed beetle
(Acanthoscelides obtectus) subjected to long-term selection for either early (E) or late (L)
reproduction. The hierarchical population structure, which included two selection regimes and four
replicate populations within each regime, allowed disentangling the effects of selection — responsible
for the divergence between the E and L regimes — from stochastic effects — leading to difference
between replicate populations. The estimated FST values of 0.46 and 0.42 for microsatellites and COI
gene, respectively, between the E and L selection regimes indicated that these molecular markers
were associated with the imposed selection regimes. The observed genetic divergence among
replicate populations within selection regimes was also significant; FSC for microsatellites amounted
0.05 and for the COI gene 0.18. Comparison of population pairwise estimates of FST and RST for
microsatellites showed a larger values of RST than FST, especially when the E and L populations were
compared. Microsatellite results indicate that, besides selective sweep effects on these neutral
markers, the stepwise mutations are important cause of the observed population divergence in
laboratory evolution of the seed beetle. Higher haplotype diversity in the E compared with L
populations implies stronger selection for genes involved in the late-life fitness traits than in early
fitness components.

bilja@bio.bg.ac.rs
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Using microbes to study the evolutionary ecology of dispersal

Taylor TB', Buckling A*
'University of Oxford, Zoology, Oxford, United Kingdom

Summary statement:

Using the pathogenic bacteria Pseudomonas aeruginosa to study the evolutionary ecology of
dispersal, focusing on the role of social interactions and kin competition.

Abstract:

Understanding dispersal is a central aim of evolutionary ecology. Theoretical analyses of dispersal
have been crucial in identifying key variables which contribute to its evolution and maintenance, but
empirical data is lagging drastically behind. Microbes offer a powerful model system on which
ecological and evolutionary theory can be experimentally tested with controlled and replicable
experiments, and with the convenient malleability of selective pressures and bacterial genomics. |
outline empirical work, using the pathogenic bacteria Pseudomonas aeruginosa, focusing on the role
of social interactions and kin competition in the evolutionary ecology of dispersal.

tiffany.taylor@zoo.ox.ac.uk
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The evolution of macroorganisms from microbes

Travisano M*, Ratcliff W', Borrello M*, Denison RF*
1University of Minnesota, Ecology, Evolution and Behavior, St. Paul, United States

Summary statement:

We show that phenotypic hallmarks of multicellularity can evolve rapidly under the appropriate
selective conditions.

Abstract:

We show that complexity can evolve extraordinarily rapidly under the appropriate selective
conditions. In as little as 30 days, multicellular protoindividuals can evolve that have complex
phenotypes and the beginnings of determinate reproductive life histories. Using a single ancestral
genotype, we initiated ten replicate populations that were propagated for 60 days on a daily serial
transfer regime. Using gravitational selection, we observed rapid increases in the settling of cells over
the course of selection. After 60 transfers, nine populations were dominated by multicellular
protoindividuals with spherical ‘snowflake’ phenotypes consisting of multiple attached cells. The
heritability of the snowflake phenotype was confirmed by fragmenting a snowflake into individual
cells using lyticase, and observing their growth into new snowflakes via time-lapse microscopy. The
snowflake phenotype has ~50% fitness advantage over individual cells under the selection
conditions, but suffers a fitness cost in the absence of centrifugal selection. Time-lapse microscopy of
growth from individual cells shows that attachment results from adhesion after cell division, not
aggregation. Reproduction occurs by the formation of daughter protoindividuals released
sequentially. Propagule production begins only after a protoindividual reached a threshold size, i.e.,
after a "juvenile phase"; propagules, though not unicellular, were consistently smaller than the
parent. The resulting multicellular group reproduces and responds to selection as an individual.
Cooperation is promoted, as groups consist of highly related cells, thereby reducing conflict among
the component cells.

travisan@umn.edu
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Adaptive changes in size-selectively exploited zebrafish (Danio rerio) populations

Uusi-Heikkila S*, Kuparinen A%, Wolter C', Meinelt T, Slate J°, Arlinghaus R

'Leibniz-Institute of Freshwater Ecology and Inland Fisheries, Berlin, Germany, *University of Helsinki,
Helsinki, Finland, U niversity of Sheffield, Sheffield, United Kingdom, *Humboldt-U niversity of Berlin,
Berlin, Germany

Summary statement:

After five generations of size-selective harvesting in zebrafish, the fish selected for small body size
were significantly smaller than fish selected for large body size.

Abstract:

Pronounced size-selectivity together with substantial mortality rates suggest the potential for
fisheries-induced evolutionary changes in average growth rate and productivity in exploited stocks.
We subjected experimentally wild zebrafish populations for size-selective mortality over five
generations in order to understand how various phenotypic traits change over time under substantial
selection pressure. Fish were harvested according to body length and three selection regimes were
established: selection for large body size, random body size and small body size. After five
generations of selection, fish selected for small body size were significantly smaller than fish selected
for large or random body size. Despite the fact that body size of the spawners differed significantly
between the large and small size selected fish, there were no differences in reproductive output
between the groups. However, the offspring of fish selected for large body size had higher growth
rate than the offspring of fish selected for small body size. In addition to phenotypic changes, genetic
changes were studied by using non-neutral markers (SNPs) to detect signs of possible evolutionary
changes in response to the experimental selection. In doing so, we aim at contributing to
fundamental understanding of the evolution of adaptive traits due to size-selective mortality.

silva.uusi-heikkila@igb-berlin.de
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Adaptation to larval malnutrition alters foraging behaviour in Drosophila melanogaster
larvae

Vijendravarma RK*, Narasimha S, Kawecki TJ*
1University of Lausanne, Department of Ecology and Evolution, Lausanne, Switzerland

Summary statement:

We conclude that adaptation to malnutrition involves chages in the larval foraging behavior and that
foraging starergies in populations may reflect the environment they evolved in.

Abstract:

Adaptation to malnutrition is likely to involve behavioral changes in relation to food acquisition. Here
we assay Drosophila melanogaster populations adapted to chronic larval malnutrition for their
foraging behaviour. In Drosophila, naturally occurring behavioral polymorphism in foraging path
lengths is attributed to the foraging locus. Larvae with the forR (rover allele), have significantly longer
foraging path lengths on a yeast paste than do those homozygous for the fors (sitter allele).

However, no difference in the general activity of these variants is observable, in the absence of food.
We found that adaptation to larval nutritional stress alters the foraging path-length phenotype.
Replicate populations that were selected for increased tolerance to juvenile nutritional stress
exhibited sitter phenotype, when compared to the unselected control populations. A quantitative
complementation assay suggested that these changes resulted from alterations in the frequency of
forR allele in the selected populations. These results suggest that the adapted populations could have
evolved sitter phenotype to conserve energy.

roshan.vijendravarma@unil.ch
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The experimental evolution of herbicide-resistance in Chlamydomonas reinhardtii

Vogwill T*, Lagator M", Colegrave N°, Neve P*
1University of Warwick, School of Life Sciences, Warwick, United Kingdom, 2University of Edinburgh,
School of Biological Sciences, Edinburgh, United Kingdom

Summary statement:

Characterising the dynamics of herbicide-resistance evolution in the model organism,
Chlamydomonas reinhardtii.

Abstract:

The evolution of herbicide-resistant weeds is a major threat to global food security, with resistance
having already evolved in over 200 species of plant. However the majority of work to date has
focussed on characterising the molecular end-points of the evolution of herbicide-resistance, rather
than focussing on the dynamics and selective forces which drive it. To remedy this, we are
developing a model system to study the evolution of herbicide-resistance in real-time by
experimental evolving the unicellular chlorophyte Chlamydomonas reinhardtii. Similar to the
patterns observed in higher plants, we have found that there are pronounced differences between
different herbicide modes of action in the rates, pleiotropic fitness-costs and mechanisms of
resistance evolution. Furthermore, when comparing across multiple herbicides, we have discovered a
counterintuitive positive correlation between the maximum growth rate in the presence and absence
of herbicides. We have also found a negative correlation between a strain’s maximum growth rate in
the absence of any herbicides and the number of herbicides a strain is resistant to, but no significant
correlation between growth in the presence of herbicides and the number of herbicides a strain is
resistant to. We have also begun to use this system to study the potential of management options to
delay the evolution of resistance.

t.vogwill@warwick.ac.uk
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Evolution towards earlier maturation in Daphnia pulex after an introduction of an alien
predator

Wathne I', Jensen KHJ*, Enberg K?, Heino M“*?
'University of Bergen, Department of Biology, Bergen, Norway, °Institute of Marine Research,
Bergen, Norway, *International Institute for Applied Systems Analysis, Laxenburg, Austria

Summary statement:

We look for evidence of predator-induced evolution in Daphnia pulex following an introduction of
perch. Preliminary results indicate a genetic decrease in age at maturation.

Abstract:

Size-selective predation shapes populations and induces changes in life-history traits. If small
individuals are targeted, selection might favor faster growth to escape the vulnerable size range,
whereas if large individuals are targeted, earlier maturation is likely to evolve. Here we look for
evidence of predator-induced evolution in Daphnia pulex following an illegal introduction of an alien
predator (European perch, Perca fluviatilis) to a Norwegian lake that naturally hosted no
planktivorous fish. We hypothesize that the shift in predation pressure favors early-maturing clones,
as the perch targets large Daphnia. Field data show that the average size of mature individuals has
decreased significantly and we are interested to see if this observed pattern implies genetic change.
We experimentally raised clones collected the year before introduction and 3 years after to study the
potential genetic changes in size and age at maturation. Preliminary results indicate a genetic
decrease in age at maturation, hence a selection towards earlier maturation caused by the
introduced predator.

ingrid.wathne@bio.uib.no
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Evolutionary genetics of predatory behavior in the nematode Pristionchus pacificus

Weller AM', Sommer RJ!
'MPI for Developmenal Biology, Dept. of Evolutionary Biology, Tiibingen, Germany

Summary statement:

P. pacificus can feed on bacteria or other nematodes. Predatory behavior of a lab strain was lost due
to a point mutation after 4 years of culture on a bacterial food source.

Abstract:

Pristionchus pacificus, a model nematode in evolutionary biology, is an omnivore and feeds on
bacteria as well as other nematodes. All P. pacificus strains tested kill and feed on C. elegans in
laboratory assays with the exception of the reference strain PS312. By thawing and testing frozen
backups of this strain it was discovered that it once exhibited predatory behavior but completely lost
this trait in culture between 1997 and 2002.

Crossing experiments revealed a clear Mendelian inheritance pattern of the ability to kill prey,
suggesting a recessive single-locus change. The complete genome of PS312 (1997) was sequenced by
Illumina technology and compared to the established sequence of PS312 (2004), uncovering
approximately 1000 single nucleotide polymorphisms (SNP). We found two candidate genes on
chromosome 3 by employing a SNP-mapping approach. Final proof of the gene determining the killer
phenotype will be brought by injection of a transformation marker into PS312 (2004).

Additionally, investigations of the evolutionary history of this behavior across the genus Pristionchus
will be discussed.

andreas.weller@tuebingen.mpg.de
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The dynamics of mutation rate evolution in a long-term experiment with Escherichia coli

Wielgoss S*, Barrick JE?, Tenaillon O3, Dittmar J*, Chane-Woon-Ming B>, Cruveiller $°, Médigue C’,
Lenski RE*, Schneider D!

'Université Joseph Fourier, Laboratoire Adaptation et Pathogénie des Microorganismes; CNRS-UMR
5163, Grenoble Cedex, France, The University of Texas, Institute for Cellular and Molecular Biology,
Austin, United States, *Université Paris Diderot, INSERM, UMR-S 722, Paris, France, 4Michigan State
University, Microbiology and Molecular Genetics, East Lansing, United States, SGenoscope, CNRS-
UMR 8030 & CEA/DSV/IG/Genoscope LABGeM, Evry Cedex, France

Summary statement:

We demonstrate that whole genome re-sequencing data derived from long-term evolution
experiments provide a powerful way to directly infer mutations rates from a reliable phylogeny.

Abstract:

The application of next-generation sequencing technologies to evolution experiments allows for a
rapid and efficient screening of available long-term lineages. The coupling of the precise history of
whole genomic changes with fitness measures between evolved and ancestral individuals represents
an immensely important step towards a quantitative understanding of adaptation. During the
longest-running evolution experiment using Escherichia coli, twelve independent populations have
been propagated for more than 40,000 generations. At regular time intervals, both population and
clonal samples have been cryo-conserved and provide us with a remarkable fossil record. Unlike
ordinary fossils however, ancestral and evolved populations can be revivified and directly compared
to one another at both the phenotypic and genomic level. Here, we analyzed the genome sequences
of several clones isolated over the entire course of the evolution experiment and inferred their
phylogeny rooted in the ancestor. We statistically evaluated the average genetic distance across
time, and compared the values to the degree of divergence among clones at each time-point. Results
indicated a remarkable dynamics of mutation rates, and genomic evolution became manifest in
marked changes of the mutational spectra. We subsequently inferred precise point mutation rates
from the phylogeny to calculate the time-points of emergence of the underlying mutational events.

wielgoss@ujf-grenoble.fr
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Insights into the genetics of adaptation and pleiotropy from experimentally evolved
antibiotic resistance in Pseudomonas aeruginosa

Wong A, Kassen R*
'University of Ottawa, Biology, Ottawa, Canada

Summary statement:

We have investigated the genetics of adaptation and its costs using whole-genome sequencing of
bacterial populations evolved in the presence of the antibiotic ciprofloxacin.

Abstract:

Pleiotropy is a central feature of most theoretical accounts of adaptation, and can have important
consequences for the extent, rate, and direction of adaptive evolution. Microbial experimental
evolution, in combination with next-generation sequencing technologies, offers a unique opportunity
to investigate the genetic underpinnings of pleiotropy during adaptation. We have evolved resistance
to the antibiotic ciprofloxacin in multiple, initially isogenic populations of Pseudomonas aeruginosa,
an important pathogen of cystic fibrosis (CF) patients. In this context, pleiotropy is measured as the
cost of adaptation — that is, the resistant population’s fitness in the absence of antibiotic. Costs of
adaptation were highly environment-dependent: Substantial costs were realized in most culture
media, but no costs were observed for populations evolved in an environment that mimics the CF
lung with respect to nutritional composition and viscosity. In order to investigate the genetic basis of
adaptation - and of the costs of adaptation - in these populations, we have conducted whole-genome
sequencing of genotypes isolated from both resistant- and non-resistant populations. In addition to
mutations in known mediators of ciprofloxacin resistance, we find putative novel targets of
resistance, as well as mutations likely involved in adaptation to culture conditions. Further studies
will allow us to determine the effects of individual mutations on both adaptation and on the costs of
adaptation. This work will contribute to our understanding of how costs arise during the early stages
of adaptation, and of how these costs are modified with subsequent adaptive steps.

awong@uottawa.ca
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Experimental evolution of bacteria under the selection of protozoans and phages

Zhang ), Ormala A-M?, Laakso J?, Mappes J*
'University of Jyvaskyld, Jyvaskyla, Finland, *University of Helsinki, Helsinki, Finland

Summary statement:

Evolution experiments with bacteria-protozoans-phages co-culture indicate that phage infection
could accelerate the evolution of the amoeba-resistant bacterial mutants.

Abstract:

Protozoa and phages are major causes of bacterial mortality in the environment. Predation induced
evolution of bacterial traits and viral gene transfer can also influence the evolution of bacterial
virulence. To study how bacterial traits evolve in response to enemies, insect pathogen Serratia
marcescens strain DB11 was cultured with predatory protozoa, amoeba and ciliates, and parasitic
phages for 8 weeks. We measured the temporal population dynamics of the predators and prey, as
well as evolved bacterial traits such as biofilm formation, anti-predatory defenses and phage
resistance. We found that ciliates are most efficient in reducing bacterial density in the open water
phase and least efficient in inhibiting biofilm formation. In contrast, phages are the least efficient in
reducing bacterial density in the open water, and amoeba reduced mostly the amount of biofilm.
There are also interactions between enemies. In treatment with all enemies, the amoeba population
sizes were relatively very small after one week. In this group, the density of highly amoeba-resistant
bacteria peaked at week 3. The results indicate that phage infection could accelerate the evolution of
the amoeba-resistant mutants. The mechanisms are not yet known but will be studied by comparing
amoeba-resistant mutants originated from different treatments. Also the impact of bacterial
evolution on virulence will be studied with Drosophila intestinal infection model.

jizhang.jyu@gmail.com
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Levels of ethanol typical of fermenting fruits can generate sexual selection for ethanol
resistance in Drosophila melanogaster

ZhuJ', Fry ID!
1University of Rochester, Biology, Rochester, United States

Summary statement:

Variation among D. melanogaster populations in ability to survive unnaturally high ethanol doses
may be a byproduct of selection for behavioural resistance to lower natural doses.

Abstract:

Ethanol is a natural component of the decaying fruit on which D. melanogaster feeds and breeds in
the wild. Resistance to being killed or knocked down by high doses of ethanol shows clinal variation
on multiple continents in this cosmopolitan species, indicating that resistance, or something
correlated with it, is under selection. However, ethanol concentrations in fermenting fruits are
usually too low to cause larval or adult mortality, suggesting that something other than mortality at
high concentrations is responsible for the clinal variation. One possibility is that ethanol exerts
selection by perturbing behavior, with resistance to being killed by high ethanol concentrations
having evolved as a correlated response to selection for behavioral insensitivity to lower natural
concentrations. We examined the effect of a non-lethal dose of ethanol, comparable to that
obtained by feeding on fermenting fruit, on the competitive mating success of males from two
populations spanning the natural range of ethanol resistance. Ethanol significantly reduced mating
success of males from the ethanol-sensitive population, but had no effect on mating success of males
from the ethanol-resistant population. Furthermore, when a population formed by hybridizing the
two populations was selected for mating competitiveness in the presence of low levels of ethanol,
increased resistance to being killed by a high concentration evolved as a correlated response. Thus,
variation among natural populations in resistance to unnatural high concentrations of ethanol could
be partly the result of sexual selection for resistance to natural low concentrations.

jing.zhu@rochester.edu
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Co-evolutionary dynamics between transposons and their hosts in self- and cross-
pollinating Capsella

Agren JA, Platts AE*, Wright SI*
1University of Toronto, Toronto, Canada, *McGill University, Montreal, Canada

Summary statement:

The effect of host mating system on the co-evolution between transposons and their hosts is
illustrated using genome and expression data in self- and cross-pollinating Capsella.

Abstract:

A significant portion of many genomes is made up of ‘selfish’ or ‘parasitic’ genetic elements. These
are stretches of DNA that gain a transmission advantage relative to other genetic elements, in spite
of having no or deleterious effects on the host organism’s fitness. The mobile transposable elements
(TEs) are often considered to be the most successful of these genomic parasites. Despite being the
single largest contributor to most genomes, the factors governing the co-evolutionary dynamics with
their hosts remain elusive. Population genetic theory suggest that host mating systems should have a
significant impact on this dynamic, due to differences in selective pressures on elements and hosts.
Lower effective population size (Ne) and recombination rate in selfers has led to the prediction of
higher TE accumulation in selfing compared to outcrossing species. On the other hand, theoretical
modelling predicts that when selection is mainly due to TE-mediated ectopic recombination,
outcrossers should accumulate higher TE-levels. Additionally, self-regulated transposition should be
more likely to evolve in highly selfing species. Here, recent results from studies on a combination of
genome and expression data from the selfer Capsella rubella and its close outcrossing relative
Capsella grandiflora are presented. The results are used to discuss how examining mating system
illuminates the co-evolutionary arms race between transposons and their hosts.

arvid.agren@utoronto.ca
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Dynamic Wolbachia infections in Acromyrmex leaf-cutting ants: do strains compete within
hosts and might they be mutualists?

Andersen SB*, Boye M?, Boomsma JJ*

'University of Copenhagen, Centre for Social Evolution, Department of Biology, Copenhagen,
Denmark, “Technical University of Denmark, National Veterinary Institute Division of Veterinary
Diagnostics and Research, Copenhagen, Denmark

Summary statement:

Conflict between multiple Wolbachia strains in Acromyrmex ants appears resolved in adults by
segregation & extracellular location in the gut lumen suggests novel symbiont function.

Abstract:

Wolbachia alpha-proteo bacteria are found as intracellular symbionts in many insects and the effects
of infections on the host span the entire spectrum from parasitism to mutualism. Also ants are often
infected with Wolbachia, but the consequences for these social insect hosts are typically not well
understood. Multiple Wolbachia strains have been identified in Acromyrmex leaf-cutting ants,
leading to interesting questions about possible conflict unless strains would be segregated in
different tissues or some of them would have evolved to be mutualists. We did a detailed study to
shed light on the infection dynamics across the larval, pupal and adult-worker life-stages, using
guantitative PCR, fluorescent in situ hybridization, and laser capture microdissection. Infection levels
of 100 % across all sampled colonies and an increase in bacterial density with host age suggests that
sterile workers are not evolutionary dead ends for the bacteria. Comparison of colonies with multiple
vs. single infections suggests that different strains may compete in immature individuals where they
might occupy the same tissue niche. This conflict appears to be resolved in adult hosts where the
suppressed strain proliferates extracellularly in the gut lumen. This unusual location suggests a
previously unrecognized role for Wolbachia as a possibly mutualistic symbiont of leaf-cutting ants.

sbandersen@bio.ku.dk
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Virus infection suppresses Nicotiana benthamiana adaptive phenotypic plasticity

Bedhomme S, Elena SF**
YIBMCP, Valencia, Spain, ’The Santa Fe Institute, Santa Fe, United States

Summary statement:

Two potyviruses (TEV and TuMV) drastically suppress the shade avoidance syndrome, the plant-
specific phenotypic plasticity in response to competition.

Abstract:

Competition and parasitism are two important selective forces that shape life-histories, migration
rates and population dynamics. Recently, it has been shown in various pathosystems that parasites
can modify intraspecific competition, thus generating an indirect cost of parasitism. Here, we
investigated if this phenomenon was present in a plant-potyvirus system using two viruses of
different virulence (Tobacco etch virus and Turnip mosaic virus). Moreover, we asked if parasitism
interacted with the shade avoidance syndrome, the plant-specific phenotypic plasticity in response
to intraspecific competition. Our results indicate that the modification of intraspecific competition by
parasitism is not present in the Nicotiana benthamiana — potyvirus system and suggests that this
phenomenon is not universal but depends on the peculiarities of each pathosystem. However,
whereas the healthy N. benthamiana presented a clear shade avoidance syndrome, this phenotypic
plasticity totally disappeared when the plants were infected with TEV and TuMV, very likely resulting
in a fitness loss and being another form of indirect cost of parasitism. This result suggests that the
suppression or the alteration of adaptive phenotypic plasticity might be a component of virulence
that is often overlooked.

stebed@upvnet.upv.es
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The expression of virulence in mixed-infections: the role of relative virulence and dose

Ben-Ami F!, Routtu J?, Ebert D?
'Tel Aviv University, Zoology, Tel Aviv, Israel, *University of Basel, Zoological Institute, Basel,
Switzerland

Summary statement:

Virulent parasite strains of Daphnia magna compensate for their inferior lifetime transmission
success through superior competitiveness, regardless of their relative dose..

Abstract:

Multiple infections of the same host by different strains of the same microparasitic species are
commonly observed in natural populations. When parasites cannot be cultured, studies of multiple
infections often employ isolates of unknown genetic composition (i.e., samples from infected hosts
that may contain multiple strains). As a result, potentially complex interactions among the strains
within the isolates cannot be controlled experimentally, which may result in incorrect conclusions
with regards to the expression of virulence and parasite transmission. In the present study we
examined the competitive outcome of multiple infections, using a single clone of the waterflea
Daphnia magna, and two strains and three isolates of its semelparous endoparasite Pasteuria
ramosa. We exposed individual Daphnia to single infection treatments and to simultaneous multiple
infection treatments with mixtures of 90:10, 10:90 and 50:50. Virulence was assessed by monitoring
host mortality. Parasite spore production was used as a measure of parasite fitness. We found that in
single infections, Pasteuria clones were less virulent than Pasteuria isolates and produced more
spores than the isolates. Under simultaneous multiple infections, when a higher dosage of the less
virulent strain was present (90:10), spore production was higher than it was when the two strains
were in equal or opposite proportions. Despite these higher sporeloads, the more virulent parasite in
the mixture always dominated the intra-host competition. Our results suggest that less virulent
strains may easily be replaced by more virulent strains during multiple infections, regardless of the
initial inoculation.

frida@post.tau.ac.il
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Time travel and patterns of adaptation

Blanquart F*, Gandon S*
'CEFE - CNRS UMR 5175, Montpellier, France

Summary statement:

The general framework developed shows how the temporal and spatial heterogeneity of selection
translate into the result of time shift and local adaptation experiments.

Abstract:

Understanding and predicting the dynamics of adaptation in a changing world is one of the main
challenges of theoretical evolutionary biology. Time shift experiments, which involve measuring the
fitness of a population transplanted to its past and future environments, have emerged as a
promising tool to this end. Here we analyze the patterns of adaptation that result from general
models of temporally variable environments. We show that the result of a time-shift experiment
crucially depends on the properties of the change in the environment, and specifically of the
temporal autocorrelation of the environmental change. We use this general framework to discuss
how the study of patterns of adaptation in time (time-shift experiments) and space (local adaptation
experiments) could help infer some information about the temporal and spatial heterogeneity in
selection. In the context of species interactions, these patterns of adaptation can be used to study
the underlying models of coevolution. In particular, in the context of host-parasite interactions, we
discuss the relevance of these patterns of adaptation to distinguish between frequency dependent
"red queen" dynamics and arms race dynamics.

francois.blanquart@cefe.cnrs.fr
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Mycoparasitic fungi in the Epichloé&-Puccinellia association: Identification and distribution
in space

Bogdanowicz AM', Ryszka P?, Turnau K>, Gérzyniska K*, Lembicz M*
'Adam Mickiewicz University, Department of Plant Taxonomy, Poznan, Poland, 2Jagiellonian
University, Institute of Environmental Sciences, Krakow, Poland

Summary statement:

Our study shows that Epichloé stromata provide habitat for other fungi that may inhibit the
production of ascospores by the Epichloé fungus and the infection of other plants.

Abstract:

The fungus Epichloé typhina (Clavicipitaceae: Ascomycota) is a parasite of numerous grass species.
The fungal stromata enclose grass shoots suppressing their further development and, as a result,
limiting the flowering and seed production of an infected plant. This disease is known as ,,choke
disease”. Our study shows that Epichloé stromata also provide habitat for other fungi that may
inhibit the production of ascospores by the Epichloé fungus and, thus, the infection of other plants.
We studied the occurrence of mycoparasitic fungi on the stromata of Epichloé typhina, in five E.
typhina-infected populations of the grass Puccinellia distans. The primer pair ITS1F (Gardes and Bruns
1993) and ITS4 (White et al. 1990) was used to amplify the ribosomal cassette consisting of SSU, ITS1,
5.8S, ITS2 and LSU rDNA. We found that 37 DNA sequences were present. BLAST search revealed
best matches belonging to several groups of ascomyceteous fungi. Among them, 14 sequences were
matched to Epichloé/Neotyphodium group, 3 to Bionectria/Clonostachys group and 20 to
Microdochium. However, a phylogenetic analysis showed clustering of all obtained sequences into
one monophyletic group. The highest percentage of E. typhina stromata inhabited by mycoparasitic
fungi was shown in the grass populations occurring in the habitats with the lowest salinity. We use
the obtained results to explain the formerly discovered by us differentiation in the production of the
mature, i.e., containing ascospores, E. typhina stromata in the space.

agab@amu.edu.pl
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Learning effects and transient dynamics revealed by a long-term time-shift perspective of
host-parasite coevolution

Decaestecker E'?, Raeymaekers JA?, De Gersem H*

'K.U.Leuven-Campus Kortrijk, Aquatic Biology, Kortrijk, Belgium, °K.U.Leuven, Aquatic Ecology &
Evolutionary Biology, Leuven, Belgium, *K.U.Leuven, Animal Diversity and Systematics, Leuven,
Belgium, *K.U.Leuven-Campus Kortrijk, Wave Propagation and Signal Processing, Kortrijk, Belgium

Summary statement:

Host-parasite coevolution model and long-term time-shift experiment incorporating learning effects
through transient dynamics.

Abstract:

Hosts mostly do not evolve as fast as their parasites, yet, adaptive genetic changes do occur upon
infection. An important aspect of these adaptations is that there is selection in the hosts for
alternative defense mechanisms, other than the prevailing ones to which the fast evolving parasites
are already adapted. This type of arms races are known as ‘Red Queen’ dynamics. The analyses of
mathematical models of coevolution confirm that these dynamics are caused by negative frequency
dependent selection in which the parasite often has a greater evolutionary potential than its host.
These models assume that amplitudes of long-term fitness dynamics remain constant through time.
Here, we argue that coevolutionary models need to incorporate learning effects through transient
dynamics resulting in dampened cycles of infectivity through time. This statement is corroborated by
a long-term time-shift experiment modifying current insights into the dynamics of these antagonistic
interactions.

ellen.decaestecker@kuleuven-kortrijk.be
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Behavioural switch between host protection and host induced-death during parasite
ontogeny in an acanthocephalan-amphipod system: challenging the parasitism-mutualism
continuum

Dianne L, Rigaud T*, Perrot-Minnot M-J*
'Universite de Bourgogne, UMR CNRS 5561 Biogéosciences, Dijon, France

Summary statement:

We confirmed a model predicting that an optimal parasitic strategy for trophically-transmitted
parasites is first to be mutualistic and then virulent.

Abstract:

Many trophically-transmitted parasites with complex life cycle manipulate their intermediate host
behaviour in ways facilitating their transmission to final host by predation. However, a recent
theoretical model predicts that an optimal parasitic strategy would be to protect the intermediate
host from predation when parasites are non infective, before switching to predation facilitation
when the infective stage is reached. We tested this hypothesis experimentally in the fish
acanthocephalan parasite Pomphorhynchus laevis using the amphipod Gammarus pulex as
intermediate host. As predicted, gammarids parasitized by the non-infective stage of P. laevis hid
significantly more under refuges and were less preyed upon than uninfected ones. To our knowledge,
this is the first study showing that such behavioural changes do indeed increase host survival, a
necessary criterion to assign an adaptive value to this protective strategy. A switch towards
enhanced vulnerability to predation was also found when P. laevis reached the stage infective to its
final host. In addition, we investigated intraspecific conflict between coinfecting infective and non-
infective stages of P. laevis. We found that behavioural manipulation was weakened in gammarids
infected with mixed larval stages. Coinfecting infective and non-infective larvae both suffered
competition, potentially resulting in delayed transmission and increased risk of mortality
respectively. Both studies raised interesting questions about mechanisms underlying manipulation,
and consequences of such strategies on host fitness.

lucile.dianne@u-bourgogne.fr
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Experimental evidence of a virulence-transmission trade-off in a plant virus

Doumayrou J**
'UMR BGPI- Cirad INRA Supagro, Montpellier cedex, France, ’MIVEGEC- UMR224/5290
IRD/CNRS/UM1, Génétique & évolution des maladies infectieuses, Montpellier, France

Summary statement:

Experimental data supporting the virulence-transmission trade-off hypothesis

Abstract:

The transmission-virulence trade-off hypothesis is one of the few adaptive explanations of virulence
evolution currently proposed. This hypothesis assumes that there is an overall positive correlation
between parasite transmission and virulence. The trade-off occurs if transmission is a saturating
function of virulence. Virulence may then evolve to an intermediate optimal level because beyond
that level there is a trade-off with transmission. A positive correlation between each of these traits
and within-host growth is often suggested to underlie the relationship between virulence and
transmission.

There are few experimental studies that test this hypothesis. We infected Brassica rapa plants with
twenty natural isolates of Cauliflower mosaic virus (CaMV) and then estimated three traits:
transmission rate (i.e. number of infected plants after aphid transmission), virulence (symptom
severity and leaf area compared to a non-infected control) and viral accumulation (viral DNA by
guantitative PCR).

As predicted by the trade-off hypothesis, we observed a positive correlation between the rate of
transmission and virulence. Moreover, in agreement with the trade-off hypothesis, a saturating
model fits the data better than a linear model. However, our results on viral accumulation do not
support the hypothesis that this trait is responsible for the correlation between transmission and
virulence.

juliette.doumayrou@supagro.inra.fr
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Evolution of transmission mode in obligate symbionts

Drown DM', Zee PC?, Brandvain Y*?, Wade MJ*
'Indiana University, Department of Biology, Bloomington, United States, “University of California,
Davis, Department of Evolution and Ecology, Davis, United States

Summary statement:

We find little opportunity for indirect selection to drive the evolution of vertical transmission from an
ancestral state of horizontal transmission.

Abstract:

Associations between hosts and symbionts are a ubiquitous feature of nature. The mode of infection
of symbionts ranges widely, from wholly vertical transmission from parents to offspring at one
extreme to wholly horizontal (contagious) transmission from others within a population at the other.
Here, we explore the evolutionary forces that might affect a change from an ancestral state of
horizontal transmission to a derived state of vertical transmission. We find that, in the absence of
epistasis for fitness between host and symbiont genes, statistical genetic associations between host
and symbiont created by vertical transmission are quickly broken down by even very limited amounts
of horizontal transmission. Thus, there is limited opportunity for indirect selection to drive the
evolution of a vertical transmission modifier without invoking direct fitness benefits to the host-
symbiont combination. We explore different models of fitness epistasis between host and symbiont,
wherein some host-symbiont combinations have higher fitness than others for both species. We find
that only certain models generate the appropriate conditions for vertical transmission to evolve. We
explore additional stochastic forces with an individual-based simulation of our model and find that
mutation has a significant role in increasing the probability of fixation of strong vertical transmission
modifiers. Our model results have direct implications for the dynamics of host-symbiont coevolution
such as the evolution of virulence.

dmdrown@indiana.edu
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Zooming into interspecific interactions to better understand coevolution dynamics

Duneau D, Luijckx P', Ebert D*
1University of Basel, Zoological institute, Basel, Switzerland

Summary statement:

The study of individual steps of the infection process reveals a key force behind coevolutionary cycles
that conforms to theoretical model assumptions.

Abstract:

Interspecific interactions, such as mutualism and parasitism, consist of a sequence of steps, each
critical for the success of the interplay. Studies of interspecific interactions rarely take into account
the fact that different steps might be influenced by different factors and might, therefore, make
different contributions to shaping coevolution. Using the Daphnia magna — Pasteuria ramosa system,
one of the rare examples of host-parasite interaction where coevolution in nature has been
documented, we identified the sequence of steps, and tested the role of genetic and environmental
factors in two of them. Hosts of different genotypes, genders and species were able to activate
endospores of all parasite clones in different test environments. This suggests that the activation cue
is phylogenetically conserved and that this step can be ruled out as a major factor in coevolution. We
next established that the parasite attachment to the host body occurs onto the oesophagus
independently of host species, gender and environmental conditions, but depends on the
combination of host-parasite genotypes resulting in a binary pattern of infection (success/failure).
This step can explain host population structure and could be a key force behind coevolutionary
cycles. Our results also suggest that this step has one of the most ancient polymorphism for
resistance recorded in animals (ca 100 million years). Our approach reveals that even if empirical
data suggest quantitative outcomes of infection, when individual steps are concerned these
outcomes are mostly binary — as assumed in theoretical models of host parasite interactions.

david.duneau@gmail.com
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The direct fitness effects of male-killer infection on female hosts

Elnagdy S**, Majerus MEN"
'University of Cambridge, Department of Genetics, Cambridge, United Kingdom, > Cairo University,
Faculty of Sciences, Botany Dept., Giza, Egypt

Summary statement:

Our finding led to the conclusion that the host-male-killer relationship is a mutual-interaction based
relationship.

Abstract:

Hurst (1991) argued that male-killing bacteria invasion among host populations vary according to
male-killing evolutionary parameters. These parameters are vertical transmission efficiency of the
male-killer, a direct fitness effect of having male-killing bacteria on infected females, the rate of
inbreeding, the consequential inbreeding depression and the fitness compensation that accrues to
infected female offspring as an indirect consequence of male death. In this study, the direct fitness
effect of infection on females was assessed in five species of coccinellid with four types of bacteria.
A range of fitness parameters were assessed in infected and uninfected matrilines. In all systems
investigated, the results obtained across all systems varied both in respect of the parameters
affected and the direction of effects. This finding led to the conclusion that the host-male-killer
relationship is a mutual-interaction based relationship.

sh.elnagdy@googlemail.com
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Looking for the molecular basis of local host adaptation to a specific macroparasite

Erin N*, Samonte-Padilla IE*, Milinski M*, Kalbe M*
'Max Planck Institute for Evolutionary Biology, Department of Evolutionary Ecology, Plén, Germany

Summary statement:

Comparison of immune gene expression in three-spined sticklebacks, experimentally infected with
sympatric and allopatric isolates of the tapeworm Schistocephalus solidus.

Abstract:

Coevolution between hosts and parasites can drive evolutionary change in the interacting organisms,
yet much remains to be discovered about the underlying mechanisms. Here, we investigated
experimentally the genetic basis of host resistance and parasite virulence by using sympatric
(coevolved) and allopatric (non-coevolved) combinations of three-spined sticklebacks (Gasterosteus
aculeatus) and its specific tapeworm parasite Schistocephalus solidus. The strong phenotypic
differences observed in reciprocal infection experiments using Norwegian and German populations
of this host-parasite system suggest different resistance/virulence strategies for the coevolved and
non-coevolved systems. We compared differential expression of immunologically relevant genes in
the different host-parasite combinations to try and establish the molecular mechanisms underlying
the infection phenotypes.

We dissected the fish 5, 7 and 9 weeks after exposure to S. solidus infective stages and took host
tissue samples from immunologically-relevant organs. Candidate genes conferring resistance or
tolerance to the host were identified by a classical gene search approach from available genomic and
transcriptomic data from three-spined stickleback. A total of 8 genes responsible for mounting the
innate and adaptive response against the parasite were found and the difference in their gene
expression was verified by qPCR.

erin@evolbio.mpg.de
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Antagonistic pair-wise interactions are weakened in multi-enemy communities

Friman V-P-', Buckling A"
'University of Oxford, Department of Zoology, Oxford, United Kingdom, *University of Exeter,
Biosciences, Penryn, United Kingdom

Summary statement:

The strength of antagonistic pair-wise interactions are weakened in the multi-enemy communities
resulting in less evolved hosts and parasites.

Abstract:

Pairwise evolutionary interactions can differ dramatically depending on the presence of other
interacting species. It is generally predicted that strength of defence against any given enemy is
weakened in the presence of multiple enemies if the defence mechanisms are not positively
correlated. We tested this hypothesis by coevolving Pseudomonas fluorescens SBW25 bacterium and
its parasitic phage in the absence and presence of protist predator Tetrahymena thermophila. We
found that bacterial defence against protist (formation of large, inedible cell aggregations) evolved
stronger in the absence of phage. Similarly, bacterial mean resistance against sympatric
contemporary phage, and phage infectivity in general, evolved higher in the absence of protist. Two
mechanisms are likely to be important in explaining this result: reduced pair-wise encounter rates
between bacteria and its enemies and trade-offs between defensive adaptations against each
enemy. Consistent with both explanations, we found that protist reduced bacterial and phage
population sizes (but not vice versa), and that the resistance against phages was traded off with the
defence against protists in the two-enemy community. These results suggest that antagonistic pair-
wise interactions are weakened in multi-enemy communities and that the evolutionary responses
against enemies are likely to be predictably altered as community complexity increases.

vifriman@gmail.com
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Multidimensional trait space favors victims in exploiter-victim coevolutionary arms races

Gilman RT", Nuismer SL?
'National Institute for Mathematical and Biological Synthesis, Knoxville, TN, United States, 2University
of Idaho, Department of Biological Sciences, Moscow, ID, United States

Summary statement:

We use mathematical models to show that victim species are favored in coevolutionary arms races
when species-species interactions depend on multiple, potentially correlated traits.

Abstract:

Parasites often have larger population sizes and shorter generation times than their victims, which
suggests that parasites should have an advantage in coevolutionary arms races. How victim species
are able to maintain defenses against rapidly evolving parasites remains poorly understood. Most
models of coevolution have assumed that the interaction rate between species is governed by a
single pair of coevolving traits, one in each species. Here, we introduce a model that allows species-
species interactions to depend on multiple coevolving traits. We show that victim species are favored
as the number of traits governing species-species interactions increases, and as the genetic
correlation between traits within species increases. We introduce the concept of maximum
evolutionary escape rate, which can be estimated from the G-matrices of both species. Our study
offers insight into how victim species are able to persist in the face of parasite onslaught, and offers a
framework for studying coevolutionary dynamics in both exploitative and

mutualist systems.

rtgilman@nimbios.org
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Fly-fungus interaction in wild grass: Deviations from the mutualistic pattern

Gorzyriska K', Lembicz M*, Olszanowski 2%, Leuchtmann A°

'Adam Mickiewicz University, Department of Plant Taxonomy, Poznan, Poland, ’Adam Mickiewicz
University, Department of Animal Taxonomy and Ecology, Poznan, Poland, *Institute of Integrative
Biology, Plant Ecological Genetics, Zlrich, Switzerland

Summary statement:

Results of our study are contrary to previous reports regarding the interaction between Epichloé
fungi and Botanophila flies as mutualistic.

Abstract:

During the course of evolution, some species of Botanophila (Diptera: Anthomyiidae) developed an
interaction with fungi of the genus Epichloé, which endophytically infect grasses and form sexual
fruiting structures (stromata) that prevent seed production (choke disease). Since Epichloé fungi are
heterothallic, for sexual reproduction their spermatia must be transferred between stromata of
opposite mating types. For transfer of spermatia, the Epichloé depends on flies of the genus
Botanophila that use fungal stromata as a source of food and as a convenient place to lay eggs.
Although hatching larvae consume part of the perithecia, the fungus clearly profits from an
association that is considered to be mutualistic.

The presence of Botanophila species was noted in four populations of the non-agricultural grass
Puccinellia distans that were infected with the fungus E. typhina. During the seven-year field
observation, Botanophila flies were present every year in only one population of P. distans and
number of fly-infested stromata differed considerably with year and site. Among all collected
stromata, 90.8% were fertilised but only 20.8% of them showed signs of fly visitation.

Our results are contrary to previous reports regarding the fly-fungus interaction as mutualistic. A high
proportion of fertilised stromata without indication of fly visitation suggests the presence of more
than one mechanisms of cross-fertilisation in this system. Besides the flies acting as vector, cross-
fertilisation may be facilitated by direct contact of stromata or by ascosporic fertilisation. Moreover,
the presence of another unknown vector can not be excluded.

karjan@amu.edu.pl
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Collateral adaptations of parasites are often overlooked: enhanced immunity of avian
brood parasites

Hahn C', Erf G, Igl L®, Burnett J?

'us Geological Survey, Patuxent Wildlife Research Center, Laurel, United States, U niversity of
Arkansas, Department of Poultry Science, Fayetteville, United States, Us Geological Survey,
Northern Prairie Research Center, Jamestown, United States

Summary statement:

Collateral adaptations are overlooked but essential aspects of coevolution, like the enhanced
immunity of New World cowbirds, extreme host-generalist brood parasites.

Abstract:

An overlooked aspect of host-parasite coevolution is selection on parasite traits collateral to the
host’s principal defenses but essential to the parasite’s success. Accurately characterizing a
coevolutionary system requires a broad consideration of relevant traits. Enhanced immunity is an
adaptation characteristic of the New World cowbirds, a genus including extreme host-generalists
that lay their eggs in the nests of > 225 different host species. Traditionally, coevolutionary studies of
avian brood parasites focused on traits like egg mimicry or behavioral aggressiveness of parasite
nestlings. We have previously shown that several cowbird species also have an adaptive ‘portfolio’ of
immune defenses that protect against exposure to species-specific microbes and parasites in the
diverse host environments exploited. We will present new data on immune factors in eggs of brown-
headed cowbirds, a combination of enhanced and typical components suited to the diverse
infections that threaten young brood parasites. We compared concentrations of maternal antibodies,
lysozymes, and albumen volume in eggs of the cowbird and a related, non-parasitic species. Cowbird
eggs had significantly higher levels of lysozymes, immune substances effective against most Gram
positive bacteria. Cowbird eggs also had higher levels of albumen, which keeps the egg free of
infection through mucosal antibodies, formed in response to pathogens entering the female’s
respiratory, digestive, and reproductive tract. This particular combination of immune defenses
reflects the parasite’s adaptations to the host’s niche.

chahn@usgs.gov
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Host-parasite coevolutionary arms races give way to fluctuating selection

Hall A, Scanlan P*, Morgan A', Buckling A*?
1University of Oxford, Oxford, United Kingdom, U niversity of Exeter, Penryn, United Kingdom

Summary statement:

We used phenotypic and genetic data from coevolving communities of bacteria and bacteriophage to
study coevolutionary dynamics over time.

Abstract:

Host-parasite coevolution is a key driver of biological diversity and parasite virulence, but its effects
depend on the nature of coevolutionary dynamics over time. We used phenotypic data from
coevolving populations of the bacterium Pseudomonas fluorescens SBW25 and parasitic phage
SBW25®2, and genetic data from the phage tail-fibre gene (implicated in infectivity evolution) to
show that arms race dynamics, typical of short-term studies, decelerate over time. We attribute this
effect to increasing costs of generalism for phages and bacteria with increasing infectivity and
resistance. By contrast, fluctuating selection on individual host and parasite genotypes was
maintained over time, becoming increasingly important for the phenotypic properties of parasite and
host populations. Given that costs of generalism are reported for many other systems, arms races
may generally give way to fluctuating selection in antagonistically coevolving populations.

alex.hall@zoo.ox.ac.uk
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Multiple non-congruent colonizations of oceanic islands reveal dynamics of
codiversification in a pollinating seed-predation mutualism between Glochidion trees and
Epicephala moths

Hembry DH', Kawakita A, Gurr NE?, Schmaedick MA®, Baldwin BG*, Gillespie RG*

1University of California, Berkeley, Department of Environmental Science, Policy, and Management,
Berkeley, United States, 2Kyoto University, Center for Ecological Research, Otsu, Japan, *American
Samoa Community College, Pago Pago, American Samoa, *University of California, Berkeley, Jepson
Herbarium and Department of Integrative Biology, Berkeley, United States

Summary statement:

Phylogenetic analysis of a pollinating seed-predation mutualism reveals strong phylogenetic
discordance and asymmetric specialization, in contrast to previous studies

Abstract:

Coevolution is frequently invoked as a process responsible for much of the generation and
maintenance of biological diversity on earth, but the manner in which coevolving clades diversify on
macroevolutionary scales remains obscure, particularly in mutualistic systems. Here we examine the
mutualism between Glochidion trees (Phyllanthaceae) and Epicephala moths (Lepidoptera:
Gracillariidae) on the oceanic islands of Eastern Polynesia (central south Pacific). The Glochidion-
Epicephala mutualism is similar to the fig-fig wasp and yucca-yucca moth mutualisms in that
Epicephala actively pollinate their host plants but also oviposit in flowers so that their larvae may
feed on a subset of the developing seeds. Phylogenetic analysis shows that both Glochidion (23
endemic species) and Epicephala have colonized these islands twice from the west, but that the
colonizations are not phylogenetically congruent. In particular, two colonizations by Epicephala are
associated with a single colonization by Glochidion. One of these Epicephala clades has diversified
into numerous geographically delimited endemic morphospecies, but the other, apparently younger
clade consists of a single undescribed Epicephala morphospecies that is associated with 11 species of
Glochidion across three archipelagoes. Our results are in contrast to the long-standing paradigm of
high host specificity in pollinating seed-predation mutualisms and indicate that patterns of host
associations in these systems are dynamic over evolutionary timescales.

hembry@berkeley.edu
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From parasite to commensal in five years: Host suppression and the rapid loss of sex ratio
distortion by Wolbachia in Samoan H. bolina

Hurst G, Hornett E', Charlat S*>, Moran B*, Reynolds L', Wedell N°, Jiggins C*

'University of Liverpool, Institute of Integrative Biology, Liverpool, United Kingdom, *University Bern
Claude Bernard, Lyon, France, 3University of Exeter in Cornwall, Falmouth, United Kingdom,
*University of Cambridge, Zoology, Cambridge, United Kingdom

Summary statement:

We detail a rapid switch in the nature of a symbiotic interaction in natural populations, with
evolution from parasitic to benign in less than five years.

Abstract:

Maternally Inherited microbes of arthropods are in an interesting evolutionary position. Being
inherited, they are selected to favour the survival and reproduction of their female host, and do so in
ways that include providing natural enemy protection to their host. Being barred for transmission
through the male line, they are also selected to manipulate female reproduction, which they do
through biasing host sex ratios. They thus span the parasitism-mutualism continuum. In this talk, we
outline the process of movement along the parasitism-mutualism continuum in the symbiosis
between H. bolina and its Wolbachia symbiont in natural populations. A selective sweep of a
suppressor of male-killer activity in the butterfly genome has altered the symbiosis from one of
strong conflict between parties to one that is relatively benign. The sweep is observed in real time -
from 2000 to 2006- through both phenotype and via effects on genetic variation through hitchhiking.
Both measures bear testament to the rapid changes that can occur in the direction of symbiotic
interactions in natural populations.

g.hurst@liv.ac.uk
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Co-evolutionary dynamics in natural host-parasite populations: Long-term research on
parasite hypothesis for sex

Jokela J*
YInstitute of Integrative Biology (IBZ), Eawag, Department of Aquatic Ecology, Diibendorf, Switzerland

Summary statement:

Long-term studies are needed for understanding the dynamics of host-parasite coevolution,
especially when parasites are expected to select for genetic diversity in the host.

Abstract:

| will outline the results of a long-term research project addressing the importance of host-parasite
coevolution for maintenance of sexual reproduction. Since 1994 we have been following a mixed
population of sexual and asexual Potamopyrgus antipodarum snails in New Zealand. The most
common parasite in the system is a highly virulent trematode that is suggested to drive a depth-
specific cline in the proportion of sexual snails in the population. Sexuals are more common in
shallow habitats of the lake where also the risk for parasite infection is higher, while the asexuals are
more common in the deep. Using genetic markers we have been able to follow dynamics of clonal
lineages in the population and can now associate the fluctuations in clone frequencies to parasite
coevolution. The predictions of the parasite hypothesis for sex state that successful clonal lineages
should be checked by coevolving parasites as the lineage becomes common. Evidence supporting this
hypothesis is accumulating in this particular time series, but the empirical results also show
complexity that may have many explanations. | will show the latest results from this study and use it
to discuss broader implications of these results for importance of host-parasite coevolution for
maintenance of genetic diversity, and what is required for refining our understanding of the
coevolutionary process.

jukka.jokela@eawag.ch
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Microbiota and Tribolium castaneum - everlasting love?

Joop G*, Mitschke A', Rosenstiel P?, Schulenburg H*
'Christian-Albrechts-Universitat Kiel, Evolutionary Ecology and Genetics, Zoological Institute, Kiel,
Germany, %Institute of clinical molecular Biology, Christian-Albrechts-Universitat Kiel, Kiel, Germany

Summary statement:

Beetle’s external secretion has the potential to shape and maintain the environment, thereby to
manipulate the microbial diversity in flour or gut in favor of mutualistic microbes.

Abstract:

Tribolium beetles secrete Quinones into their flour environment. Quinones show broad antimicrobial
activity and therefore can be considered as an "external" immune defence on the one hand,
protecting from pathogens. On the other hand, some microbes and beetles might have a mutualistic
relationship as well. Therefore, Quinones also have the potential to shape and maintain the beetle’s
environment, and by this manipulate the microbial diversity in the flour and in the beetle gut in favor
of mutualistic microbes. Here we present results of a metagenomic analysis using 454
pyrosequencing designed to identify bacteria and fungi present in different beetle lines. Some of
these lines were collected only recently while others have been maintained in the lab for decades. If
the Quinones indeed help to shape the beetles” microbiota, we expect only small differences in the
composition of mutualistic species found in the different beetle lines.

gjoop@zoologie.uni-kiel.de
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Direct evidence for the Red Queen Hypothesis: Antagonistic coevolution with a parasite
increases host recombination frequency

Kerstes NAG, Bérénos C*, Wegner M**, Schmid-Hempel P!

'ETH Ziirich, Institute of Integrative Biology, Experimental Ecology, Zirich, Switzerland, *University of
Edinburgh, Edinburgh, United Kingdom, >’AWI Waddenseastation Sylt, List, Germany, ‘IfM-Geomar,
Kiel, Germany

Summary statement:

Coevolution with a parasite led to higher recombination rates in a host. As we can exclude
alternative explanations, this result indicates the presence of Red Queen dynamics.

Abstract:

One of the largest remaining challenges in evolutionary biology is to understand the maintenance of
meiotic recombination. As recombination breaks down successful genotypes, it is thought to be
selected for only under very limited conditions. One of the hypotheses to explain the maintenance of
recombination is the Red Queen Hypothesis (RQH). The RQH predicts an advantage of recombination
for hosts when they are coevolving with parasites. Parasites can rapidly adapt to their hosts, and
recombination can help the host escape from their parasites by constantly creating new, rare
genotypes. We conducted a long-term coevolution experiment with the red flour beetle Tribolium
castaneum and its microsporidian parasite Nosema whitei. We experimentally show that the
recombination frequency of the host has increased after 11 generations of coevolution with its
parasite. It was found that coevolving populations had higher levels of heterozygosity and allelic
diversity than control populations, and that overdominance seems not to be able to explain the
advantage of the more genetically divers state. Furthermore, we showed that resistance harbored a
substantial epistatic component at the beginning of the experiment, which might contribute to
maintenance of recombination if non-additive genetic architecture is also maintained during
coevolution. Based on these findings, we believe that Red Queen mechanisms were acting in our
experiment, and that the RQH cannot be discarded as one of the possible answers to the big
guestion of recombination.

niels.kerstes@env.ethz.ch
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Diversity and field dynamics of gut microbiota in Central European bumblebee hosts:
Evidence for coevolution

Koch H*, Schmid-Hempel P!
'ETH Ziirich, Environmental Sciences, Ziirich, Switzerland

Summary statement:

We found a distinct and species poor community of gut bacteria in central European bumblebees and
provide details on the seasonal dynamics of these bacteria in Bombus terrestris.

Abstract:

Animals are hosts to diverse bacterial communities in their gut. The members of these communities
can range from obligate mutualists to deadly parasites. Recent studies have indicated the existence
of a distinct and relatively species poor gut microbiota in honeybees, which is apparently absent in
solitary bees, but shared to some degree with bumblebees. We are presenting a detailed look at
these bacterial communities in Central European bumblebee species, comparing 6 species from 3
localities. Using a combined approach of 16S TRFLP-profiles and clone libraries, we identified a
surprisingly simple and conserved microbiota across these species and localities. However, we also
find strong support for significant differences of microbiota between host species. Furthermore, one
member of the Betaproteobacteria was found to have distinct phylotypes in different bumblebee
and honeybee host species, suggesting a pattern of coevolution with their bee hosts. To understand
the dynamics of these gut bacteria in the field, we sampled Bombus terrestris colonies over the
course of a season, looking at changes during colony development and correlations with parasite
infection. We also compare the within colony variation to the between colony variation of gut
microbiota and checked the bacteria present in gynes originating from these colonies, to look at the
role of sociality in transmission.

hauke.koch@env.ethz.ch
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Parasite-mediated inter- and intra-sexual selection, sexual signaling and personality
evolution in the common minnow Phoxinus phoxinus

Lai Y-T', Kekaldinen J!, Kortet R*
'University of Eastern Finland, Department of Biology, Joensuu, Finland

Summary statement:

In this research plan, a series of experiments has been conducted to examine the influence of
parasite infection in minnows. Latest results will be presented in the presentation.

Abstract:

Parasite-mediated sexual selection predicts that parasites facilitate sexual selection by influencing
the presentation and evolution of secondary sexual signals of their host. Parasites may also influence
host behaviors to increase the likelihood to complete their own life cycles, thus in turn increase the
mortality of hosts with low parasite avoidance behaviors. If the parasite avoidance behaviors are
inheritable and related to the personalities of hosts, the increase of selection pressure by parasitism
to hosts with particular personalities could be seen as parasite-mediated personality evolution. In
previous studies, sexual selection and sexual signaling of common minnow Phoxinus phoxinus have
been noted, and the linking between sexual signaling, dominance and reproductive success of males
has been examined. Moreover, parasite infection and parasite ecology in minnows have been
surveyed. However, although it has been shown recently that the intensity of parasite infection may
associate with dominance and sexual signaling, the relationship and potential mechanisms of the
linkage have little been investigated. Similarly, although the influence of parasitism in behavioral
syndromes of minnows has been noted, the influence of parasitism in personality evolution of
minnows has never been investigated. In this research plan, based on results in previous studies and
my finding in 2010, a series of experiments has been conducted to clarify the ambiguous parts of the
sexual selection system previously demonstrated, and examine the influence of parasite infection in
behavior traits and personalities in minnows. Latest results will be presented and discussed in the
presentation.

yi-te.lai@uef.fi
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Daphnia-symbiont community structure under different productivity regimes

Lange B', Muylaert K*, Decaestecker E*
'K.U. Leuven Campus Kortrijk, Laboratory of Aquatic Biology, Kortrijk, Belgium

Summary statement:

Productivity regime affects Daphnia-symbiont community structure.

Abstract:

Daphnia-symbiont community structure under different productivity regimes.The freshwater
crustacean Daphnia magna inhabits ponds and lakes which differ substantially in productivity levels.
This is a consequence of agricultural fertilisation and major differences between habitat structures. A
taxonomically diverse group of symbionts lives in and on D. magna. We tested in an experimental
approach if productivity can influence the symbiont community within a period of two months. It
was found that epibionts were strongly affected by productivity changes while parasites were not.
Our results show that productivity changes have an instant effect on the symbiont community of D.
magna. Thus, agricultural fertilisation leads to secondary effects on biodiversity which can easily be
overlooked.

benjamin.lange@kuleuven-kortrijk.be
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Food plant specialization of a seed predator

Laukkanen L', Leimu R?, Muola A%, Lilley M", Mutikainen P?

'University of Turku, Department of Biology, Section of Ecology, Turku, Finland, *University of Oxford,
Department of Plant Sciences, Oxford, United Kingdom, *ETH-Zurich, Institute of Integrative Biology,
Zurich, Switzerland

Summary statement:

Food plant specialization of Lygaeus equestris (Heteroptera) was studied by conducting feeding trials
and a mass-selection experiment.

Abstract:

Aims: Food plant specialization is an important factor contributing to the enormous biodiversity of
insects. Lack of genetic variation in food plant utilization and trade-offs (i.e. negative genetic
correlations) between performances of insect herbivores on different food plant species may
constrain their specialization. Our aim was to study food plant specialization of Lygaeus equestris
(Heteroptera), which most commonly feeds on Vincetoxicum hirundinaria, but occasionally also on
several alternative food plant species.

Methods: We conducted feeding trials in laboratory using seeds of V. hirundinaria and three
alternative food plant species. In a mass-selection experiment we maintained selection lines of L.
equestris for about fifteen generations on seeds of four food plant species to investigate evolution of
food plant specialization.

Results: Although there was genetic variation in the performance of L. equestris on different food
plant species, the bugs performed better on V. hirundinaria compared to alternative hosts. Ecological
factors rather than genetic constrains determine the level of specialization. The mass-selection
experiment will provide more detailed data on the costs and constrains, and the evolution of food
plant specialization.

Conclusions: Understanding the factors that constrain specialization or enhance alternative food
plant utilization are central for the coevolutionary dynamics between interacting species such as L.
equestris and V. hirundinaria.

liisa.laukkanen@utu.fi
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Behavioural resistance against a protozoan parasite in the monarch butterfly

Lefévre T*, de Roode J*
'Emory University, Biology Department, Altanta, United States

Summary statement:

We studied butterflies behavioral defenses against a protozoan parasite. While larvae were unable to
avoid the parasite or feed on therapeutic plants, infected females laid their eggs on antiparasitic
plants

Abstract:

Parasites pose a serious threat to host fitness, and natural selection should favour host traits that
reduce infection or disease symptoms. One way in which hosts may protect themselves against
parasitism is through altered behaviours, but such defences have been much less studied than other
forms of parasite resistance. We studied whether monarch butterflies (Danaus plexippus L.) use
altered behaviours to protect themselves and their offspring against the protozoan parasite
Ophryocystis elektroscirrha . In particular, we studied whether (1) monarch larvae can avoid contact
with infectious parasite spores; (2) whether larvae preferentially consume therapeutic food plants
when given a choice or increase the intake of such plants in the absence of choice; and (3) whether
female butterflies preferentially lay their eggs on medicinal plants that make their offspring less sick.
We found that monarch larvae were unable to avoid infectious parasite spores. Larvae were also not
able to preferentially feed on therapeutic food plants or increase the ingestion of such plants.
However, infected female butterflies preferentially laid their eggs on food plants that reduce parasite
growth in their offspring. Our results suggest that animals may use altered behaviours as a protection
against parasites, and that such behaviours may be limited to a single stage in the host-parasite life
cycle. Our results also suggest that animals may use altered behaviours to protect their offspring
instead of themselves. Thus, our study indicates that an inclusive fitness approach should be adopted
to study behavioural defences against parasites.

telefev@emory.edu
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On the equivalence of host local adaptation and parasite maladaptation: An experimental
test in the great tit - hen flea system

Lemoine M"“?, Doligez B?, Richner H*
'University of Bern, Evolutionary Ecology, Bern, Switzerland, *University of Lyon, Department of
Biometry and Evolutionary Biology, Villeurbanne, France

Summary statement:

A test of local adaptation in the great tit-hen flea system suggested that both hosts and parasites
could be locally maladapted due to a possible resistance-tolerance trade-off.

Abstract:

In heterogeneous environments, host-parasite coevolution may lead to either host or parasite local
adaptation. Using reciprocal infestations over many populations, we tested local adaptation in the
great tit-hen flea system. Flea reproductive success was lower on local compared to foreign hosts,
revealing flea local maladaptation. Host reproductive success was intermediate between controls
and foreign fleas when breeding with local fleas, suggesting host local adaptation although the non-
significance between local and foreign infestations does not allow to exclude the absence of local
adaptation. In contrast, fledglings were heavier and larger when reared with foreign compared to
local fleas, which could also indicate host local maladaptation if offspring fitness depends mainly on
size. Our results therefore challenge the traditional view that parasite local maladaptation equals
host local adaptation. The differences in fledgling morphology suggest that flea origin affects host
resource allocation between nestling growth and defence against parasites (a resistance-tolerance
trade-off). Identifying the relevant fitness measures for both species remains necessary to
understand the local adaptation patterns observed here.

melissa.lemoine@gmail.com
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Genetic and epidemiological spatial structuring and the evolution of parasite prudence and
host resistance

Lion S, Débarre F*, van Baalen M?, Gandon S*, Boots M?
'Centre d'Ecologie Fonctionnelle et Evolutive (CEFE) - CNRS UMR 5175, Montpellier, France, °CNRS
UMR 7625 'Ecologie & Evolution', Paris, France, 3Universi‘cy of Sheffield, Sheffield, United Kingdom

Summary statement:

| synthesize theoretical results in spatial evolutionary epidemiology to discuss how genetic and
epidemiological structures may shape selective pressures on host and parasites.

Abstract:

Recent theoretical and empirical studies have suggested that parasites should be expected to be
more ‘prudent” (less harmful and slower transmitting) when infection occurs locally. Kin selection has
been shown to be a key driver of the evolution of parasite prudence: by exploiting their host supply
more prudently, parasites reduce the level of local kin competition experienced by related parasites.
However, demographic or epidemiological processes can alter or even reverse the selective
pressures faced by parasites. My aim is to tie together the conceptual insights of inclusive fitness
theory and of spatial epidemiology to discuss to what extent the interplay between genetic and
epidemiological structuring may shape selective pressures on host and parasites. | will articulate this
presentation around three main results. First, | present results showing that demographic turnover is
needed for local interactions to select for prudence in the susceptible-infected models that have
been the focus of previous studies. Importantly, this may cause virulence to be maximised at
intermediate parasite dispersal. Second, in diseases with little demographic turnover (as typical of
many human diseases), our results suggest that only parasites causing diseases with long-lived
immunity are likely to be prudent in space. Finally, | present related results obtained in an
evolutionary model of host resistance that demonstrate that increasing disease-induced host
mortality may also be a strategy of host defense. | conclude by discussing the perspectives to
integrate these results into a synthetic framework for the co-evolution of hosts and parasites in a
spatial ecological context.

lion@cefe.cnrs.fr
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Microbial inhibition and immune response specificity in the ant, Formica exsecta

Luhtasela-El Showk HK*, Sundstrom L'
1University of Helsinki, Department of Biosciences, Helsinki, Finland

Summary statement:

The function of the innate immunity of an ant was tested. Responses were induced by injection,
specificity was absent and inbreeding affected the response under certain conditions.

Abstract:

Insect societies are a special case in the evolution of host-pathogen interactions. They provide a
stable environment where the potential hosts are closely related and occur in high densities,
conditions which promote the spread of pathogens. It can therefore be expected that social insect
colonies are under constant immune challenge. Even so, social insects are successful in terms of
diversity, distribution and ecological dominance. The colony’s defences range from division of labour
to individual immune defences. In addition to physical barriers, the individual immune response
consists of cellular and humoral defences. The cellular component involves e.g. phagocytosis and
encapsulation, while the humoral defence consists of circulating defence molecules, such as
antimicrobial peptides. My study focuses on the inducibility and specificity of the humoral immune
response in the ant Formica exsecta. To test this, | challenged ants with 4 bacterial species, 2 gram-
positive and 2 gram-negative, by injecting heat-killed bacteria into the ants” abdomens. After
injection, hemolymph was extracted and used to test the difference in the growth-inhibiting effects
of the antibacterial peptides on bacterial cultures. The diameters of the resulting inhibition zones
were used as a proxy for the strength of the immune response. The response against the gram-
positive species was induced by injection itself, whereas no such response was seen against the
gram-negative bacteria. No specificity was found. The degree of inbreeding of the colony had a
negative effect on the presence of an immune response in colonies without mites, whereas no such
effect was observed in colonies with mites.

hannele.luhtasela@helsinki.fi
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Natural selection in an artificial world: the evolution of parasite life-history and virulence
on intensive farms

Mennerat A™, Nilsen F?, Ebert D*, Skorping A®
'Oxford University, Zoology, Oxford, United Kingdom, *University of Bergen, Biology, Bergen,
Norway, U niversity of Basel, Zoological Institute, Basel, Switzerland

Summary statement:

High host density, short host lifespan and frequent drug use may select for fast-growing and more
virulent parasites: the example of the salmon louse Lepeophteirus salmonis.

Abstract:

Intensive farming creates conditions for parasite growth and transmission drastically different from
what parasites experience in wild host populations and may therefore alter selection on various
traits, such as life-history traits and virulence. Although recent epidemic outbreaks highlight the risks
associated with intensive farming practices, most work has focused on reducing the short-term
economic losses imposed by parasites, such as application of chemotherapy. Most of the research on
parasite virulence evolution has been conducted using laboratory model systems, often unrelated to
economically important systems. Here, based on current theory of virulence evolution, we will
discuss the extent to which intensive farming practices may select for fast-growing, early-
transmitted, and hence probably more virulent parasites. We will present recent empirical evidence
indicating that parasite life history and virulence may be evolving as a consequence of intensive
farming practices and suggest lines for future research in this area.

adele.mennerat@zoo.ox.ac.uk
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Going large: Coevolution across the parasitism-mutualism border in superorganisms and
their macrosymbionts

Nash DR*
'University of Copenhagen, Centre for Social Evolution, Department of Biology, Copenhagen,
Denmark

Summary statement:

Social insect colonies face attack by social parasites and benefit from mutualistic symbionts. Here |
compare their coevolution to classic host-endosymbiont-pathogen systems.

Abstract:

One of the major transitions in evolution is that to eusocial colonies from individual organisms.
Although the parallels are not exact, social insect colonies can be regarded as superorganisms, which
like any other organism gather and store resources to enhance their own reproductive fitness. Many
other organisms act as “social symbionts” within these superorganisms, ranging from social parasites
that exploit the colonies’ resources to mutualistic symbionts that enable the colony to obtain
resources that are otherwise unavailable. Over the last decade there have been major advances in
the understanding of the coevolution of social insects and their symbionts, which have both been
inspired by and can shed light on studies of coevolution in more traditional host-symbiont systems.
Using examples from the associations between ant colonies and their symbionts, | here give an
overview of coevolution across the mutualism-parasitism continuum and the parallels with and
differences from coevolution of pathogens, endosymbionts and their hosts.

drnash@bio.ku.dk
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Symbiont-mediated immunity and host genotype in an insect-pathogen interaction

Parker BJ!, Gerardo NM*
'Emory University, Department of Biology, Atlanta, United States

Summary statement:

Pea aphids are protected from fungi by endosymbiotic bacteria. Here we investigate features of the
aphid immune response to fungus, and how it is altered by protective symbionts.

Abstract:

A diversity of organisms are associated with microbial partners that shape their hosts” ability to
combat disease, but fundamental questions remain about these multi-species interactions. Here we
look at the interaction between a pea aphid host, an aphid fungal pathogen, and protective symbiotic
bacteria. Pea aphids are frequently cited as an example of the great deal of variation in susceptibility
to pathogens that exists among hosts. However, recent work suggests that some of this variation is
due to the presence of symbionts rather than host genotype. For example, the facultative symbiont
Regiella insecticola protects pea aphids from several species of fungal pathogens. In addition,
genome annotation revealed several genes and pathways found in other insects studied to date that
are missing in pea aphids, potentially because of the intimate association between aphids and
symbionts. We are therefore working to answer several questions about this system. First, it is not
clear whether aphids mount an immune response to fungal pathogens and whether this response
varies among individuals, and so we conduct cost-of-immunity assays and infection experiments with
fungal pathogens on aphid clonal lines with and without symbionts. Second, we have little
understanding of how or whether investment in immune responses changes in the presence of
protective microbes, and so we explore how pea aphids differentially respond to immune challenges
in the presence and absence of protective partners. Symbionts can influence the population
dynamics of many pest-insects, and are important for human health, and thus this research provides
insight into an important coevolutionary interaction.

bparke4@emory.edu
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Parasitisation and reproductive investment in three-spined sticklebacks, Gasterosteus
aculeatus

Rahn AK", Bakker TCM*
'University of Bonn, Institute for Evolutionary Biology and Ecology, Bonn, Germany

Summary statement:

Different parasites and their effects on the expression of several reproductive traits in the three-
spined stickleback, Gasterosteus aculeatus, are compared.

Abstract:

Reproductive traits that are influenced by parasitic infections might serve as indicators for an
individual’s ability to resist infections and inherit this quality to future generations. According to the
Hamilton-Zuk hypothesis this can make parasitism a driving force in sexual selection. Male three-
spined sticklebacks, Gasterosteus aculeatus, exhibit various reproductive traits that are known to be
under sexual selection. Those traits include, among others nuptial coloration and courtship
behaviour. Examined here is male investment in reproductive traits of naturally infected sticklebacks
in relation to the fish’s parasitic status.

arahn@evolution.uni-bonn.de
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Within-host competition determines reproductive success of temperate bacteriophages

Refardt D*
'ETH Ziirich, Environmental Sciences, Ziirich, Switzerland

Summary statement:

Little is known about the role of multiple infections in bacteriophage ecology. | staged a round robin
tournament for phages of E. coli and found strong competitive interactions.

Abstract:

Within-host competition between parasites is frequently invoked as a major force for parasite
evolution, yet quantitative studies on its extent in an organismal group are lacking. Temperate
bacteriophages are diverse and abundant parasites of bacteria, distinguished by their ability to enter
a facultative dormant state in their host. Bacteria can accumulate multiple phages that may
eventually abandon dormancy in response to host stress. Host resources are then converted into
phage particles, whose release requires cell death. To study within-host competition between
phages, | used the bacterium Escherichia coli and eleven lambdoid phages to construct single and
double lysogens. Lysogenic bacterial cultures were then induced and time to host cell lysis and
productivity of phages was measured. In double lysogens, this revealed strong competitive
interactions as in all cases productivity of at least one phage declined. The outcome of within-host
competition was often asymmetrical, and phages were found to vary hierarchically in within-host
competitive ability. In double infections, the phage with the shorter lysis time determined the timing
of cell lysis, which was associated with a competitive advantage when time differences were large.
The results emphasize that within-host competition greatly affects phage fitness and that multiple
infections should be considered an integral part of bacteriophage ecology.

dominik.refardt@gmail.com
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An offer you cannot refuse: the threat of retaliation from a pathogen can select for down-
regulation of immune response in its host

Restif O'
'University of Cambridge, Veterinary Medicine, Cambridge, United Kingdom

Summary statement:

| use a coevolutionary model to demonstrate that pathogen with plastic virulence can threaten their
hosts into down-regulating their immune response.

Abstract:

Retaliation by cuckoos and other brood parasites against the nests of those hosts who eject parasitic
eggs, has been likened to the human ‘mafia behaviour’. Although this strategy relies on the cognitive
abilities of both the host and the parasite, | show that the analogy can be extended to pathogens that
exhibit phenotypic plasticity in response to changes in their host’s immune activity. Previous models
for the coevolution of host defences and pathogen virulence have assumed that both traits remain
constant for the duration of infection. However, physiological constraints often delay the full
activation of the immune response. Given intrinsic costs of immune activation, | show that natural
selection can lead to (i) an optimum in the host’s rate of immune activation and (ii) differential levels
of pathogen virulence before and after immune activation. The combination of these two
mechanisms in a coevolutionary model leads naturally to a situation akin to ‘mafia behaviour’: hosts
are forced to down-regulate theirimmune response to minimise exposure to high virulence. There is
even an evolutionarily stable strategy with no activation of the immune response, so that retaliation
is not implemented. In other words, pathogens can evolve a strategy of ‘threatening’ the host with
high virulence which results in host with no immune response. This simple coevolutionary model
shows that introducing a delay in the activation of the immune response can shift an antagonistic
host-pathogen system to a quasi-commensal interaction with low virulence and low defences.

or226@cam.ac.uk
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Inbreeding effects in the parasitic trematode Diplostomum pseudospathaceum

Rieger JK', Haase D', Reusch TBH', Kalbe M?
'IFM-GEOMAR, Evolutionary Ecology of Marine Fishes, Kiel, Germany, ’Max Planck Institut for
Evolutionary Biology, Evolutionary Ecology, PI6n, Germany

Summary statement:

Diplostomum pseudospathaceum produced by outcrossing were generally fitter than inbred ones.
Fitness was highly dependent on genotypic compatibility.

Abstract:

The origin and maintenance of complex life cycles in parasites are still a matter of debate.
Endosymbiotic and free-living stages, sexual and asexual reproduction, as well as multiple host
switches are common in parasitic organisms. Alternating between clonal and recombinant stages
may give parasites the efficiency of asexual reproduction while lowering the risk of deleterious
effects caused by inbreeding. Here we study the effects of inbreeding in the digenean trematode
Diplostomum pseudospathaceum on infection success in its two intermediate hosts, the freshwater
snail Lymnaea stagnalis and the threespined stickleback Gasterosteus aculeatus. Single trematode
clones and combinations of two different clones were allowed to reproduce sexually using herring
gulls as definitive hosts. The hatched larvae were used to assess the proportion of selfed and
outcrossed miracidia by microsatellite typing. These results were matched with hatch rates and
infection success of inbred and outcrossed trematodes in both intermediate hosts. While parasite
clones had a tendency to outcross, given the chance, some combinations appeared to be more
successful than others, indicating the importance of genotypic compatibility.

jrieger@ifm-geomar.de
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Understanding the molecular basis of local adaptation in the coevolving host-parasite
model system, Schistocephalus solidus and Gasterosteus aculeatus viewed from the
parasite side

Samonte-Padilla IE!, Kalbe M?, Erin N2, Mahesh P?, Manfred M?
"Max Planck Institute for Evolutionary Biology, Evolutionary Ecology, Ploen, Germany, “Max Planck
Institut for Evolutionary Biology, Evolutionary Ecology, Ploen, Germany

Summary statement:

Local adaptation (LA) in sympatric and allopatric combinations of our host-parasite model system,
Gasterosteus aculeatus and Schistocephalus solidus was investigated in this study.

Abstract:

The Red Queen Hypothesis describes an evolutionary arms race between hosts and parasites, in
which both partners continuously have to adapt to each other in order to maintain their own fitness.
Local adaptation (LA) in host-parasite interaction is often used as a kind of snapshot to study the
potential range of mutual specialization of these antagonistic partners. However, studies on the
underlying genetic basis of LA usually concentrate on the host side. In this study, our focus is on the
tapeworm Schistocephalus solidus and we aimed to identify genes responsible for LA and compare
their expression in sympatric and allopatric combinations with its specific vertebrate intermediate
host, the three-spined stickleback, Gasterosteus aculeatus, originating from Norway and Germany.
Worms from different infection treatments were collected 5, 7, and 9 weeks post infection and
representative worm from each group was used to construct digital gene expression (DGE) libraries
composed of 26-bp tags sequenced from the 3’end of the transcripts. Also, two normalized
transcriptomic libraries of the two worm populations were built to serve as template for gene
identification. Candidate genes for LA were identified from the 12 DGE libraries using EDGE-R
software and the difference in their quantitative expression in the different infection timepoints was
measured by gPCR.

samonte@evolbio.mpg.de
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Virulence and transmission in European blue butterflies and their ant partners

Schar S*, Ugelvig LV?, Nash DR*
'Centre for Social Evolution, University of Copenhagen, Department of Biology, Copenhagen,
Denmark, ’IST Austria (Institute of Science and Technology Austria), Klosterneuburg, Austria

Summary statement:

This study aims to test the theory of an association between virulence and transmission in five
European blue butterfly species and their ant partners.

Abstract:

The association between virulence and transmission is well known from epidemiology. However, this
theory has not been applied to many other host-parasite systems so far. This study tries to test this
hypothesis in social insects and their socially parasitic insect partners, and extends it to mutualistic
partners (with “negative virulence”). The butterfly family Lycaenidae and the subfamily of the blues
(Polyommatinae) in particular, have a wide spectrum of interactions with ants, ranging from no
associations to facultative or even obligate interactions. Caterpillars that interact with ants in a
mutualistic way generally feed them with honeydew from their dorsal nectary organ, and in return
receive protection from predators and parasitoids. At the other end of the spectrum are the species
of the genus Maculinea (the large blues) that exploit ants of the genus Myrmica. They spend most of
their life inside the ant nest, where they live as social parasites. Two different host exploitation
strategies can be found within that genus, a “cuckoo” feeding strategy and a predatory feeding
strategy, considered to be more virulent. This study investigates the dispersal strategies of five
European polyommatine species (Vacciniia optilete, Plebejus argus, Glaucopsyche alexis, Maculinea
alcon and M. arion) with respect to their different life history strategies and associations with ants in
southern Scandinavia, using direct (mark-release-recapture experiments) and indirect (genetic)
measures of dispersal in a regional and local scale as well as literature surveys.

sschar@bio.ku.dk
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Evolution of symbiosis-specific characteristics and the horizontally acquired killer trait in
two distantly related intracellular bacteria of Paramecium

Schrallhammer M“*?, Petroni G?, Gortz H-D?, Berendonk TU*
Technische Universitit Dresden, Institut fiir Hydrobiologie, Dresden, Germany, *Universita di Pisa,
Unita di Protistologia, Pisa, Italy, 3Universitat Stuttgart, Zoologie, Stuttgart, Germany

Summary statement:

Despite similarities in expression of the killer trait Caedibacter species revealed surprising differences
in host range and preference for intracellular compartments of Paramecium.

Abstract:

Certain Paramecium strains harbour intracellular bacteria of the genus Caedibacter. These are
obligate intracellular bacteria which parasitize their host cell for survival and reproduction. The
presence of Caedibacter bacteria refers the Paramecium host the so-called killer trait. Caedibacter-
harbouring paramecia release toxic particles which lead to the death of Caedibacter-free paramecia,
thus killer paramecia gain a competitive advantage. The released particles are Caedibacter cells that
bear an unusual structure termed R-body (Refractile body).

Despite morphological and functional similarities, it was shown that at least Caedibacter
taeniospiralis (Gammaproteobacteria) and Caedibacter caryophilus (Alphaproteobacteria) are not
phylogenetically closely related, belonging to different phyla of Proteobacteria. A horizontal gene
transfer of the genetic determinants involved in R-body production and expression of the killer trait
is the most likely explanation for the occurring of such a complex trait in far related organisms. Here
we address the question if other aspects of Caedibacter lifestyle, in particular host specificity and
sub-cellular localization, are consistent among the different species. Different strains of C.
taeniospiralis and C. caryophilus harboured by Paramecium strains of different geographic origins
were characterized by phylogenetic reconstructions and fluorescence in situ hybridizations to
visualize the sub-cellular localization within the host cell. Despite the similarities in expression of the
killer trait, Caedibacter species revealed surprising differences in other aspects of their lifestyle.

martina.schrallhammer@tu-dresden.de
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Experimental test of the consequences of host-parasite co-evolution

Schulenburg H', Masri L'
'University of Kiel, Evolutionary Ecology and Genetics, Kiel, Germany, *University of Tiibingen, Animal
Evolutionary Ecology, Tuebingen, Germany

Summary statement:

Using experimental evolution, host-parasite co-adaptation is shown to have manifold evolutionary
consequences that differ from those caused by one-sided adaptation

Abstract:

Parasites grow, exploit and shelter upon hosts, thus decreasing their fitness. They select for the
evolution of more resistant hosts, which reciprocally selects for more virulent parasites, potentially
leading to a co-evolutionary arms race. Here, we specifically evaluated for the first time in a single
experiment the importance of reciprocal co-evolution in comparison to one-sided adaptation, where
either only the host or only the parasite was allowed to adapt to a non-changing antagonist. Our
analysis is based on experimental evolution of the model nematode host Caenorhabditis elegans and
its microparasite Bacillus thuringiensis. Our results demonstrate that the different selective pressures
vary in their effect on the evolution of host defenses, parasite pathogenicity, the associated life
history trade—offs and the exact infection dynamics. We additionally discovered an effect on the
parasite’s "social" interactions: Biofilm formation is specifically disfavoured in response to
coevolution, whereas it is strongly favoured under control conditions, while one-sided adapted
populations expressed both phenotypes. Our study emphasizes the multifaceted consequences of
reciprocal selective pressures during host-parasite coevolution.

hschulenburg@zoologie.uni-kiel.de
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Bacterial species associated with Drosophila simulans and Drosophila melanogaster in the
wild and in the laboratory

Staubach F*, Bergland AO", Baines JF?, Petrov D*
'Stanford University, Stanford, United States, “Max Planck Institute for Evolutionary Biology, Ploen,
Germany

Summary statement:

Bacterial communities associated with Drosophila seem to vary by species and food source.

Abstract:

Microbes have been identified as important interaction partners of a variety of insects including
aphids, ants, bee wolfs and many others. These interactions range across the spectrum of possible
relationships between host and microbe from mutualistic symbiosis to pathogenicity. We have
initiated a study of microbial flora associated with Drosophila, hoping to employ the wide arsenal of
genetic tools available in D. melanogaster to start gaining insight into the nature of bacterial
communities living in association with insects. To identify key bacterial species associated with
Drosophila, we have collected bacterial 16S 454 sequencing data from wild caught and lab-reared
flies. Preliminary analysis reveals greater taxonomic diversity in the bacterial flora than previously
reported. Differences between microbial communities from wild D. melanogaster and D. simulans
pairs each collected from a single fruit seem to be persistent in lab stocks of these species, suggesting
a genetic component influencing the bacterial communities.

fabian.staubach@gmail.com
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Resolving the basis of genotype by genotype interactions between plants and their
symbionts

Stinchcombe JR', Gorton AJ*, Heath KD?
'University of Toronto, Ecology and Evolutionary Biology, Toronto, Canada, “University of lllinois at
Urbana-Champaign, Department of Plant Biology, Urbana, United States

Summary statement:

QTL mapping of Genotype*Genotype interactions informs the mechanistic basis of coevolutionary
genetic variation.

Abstract:

Recent studies have found evidence of genotype by genotype (G x G) interactions in the symbiosis
between the legumes and their associated rhizobia. Depending on the genotype of each partner, the
interaction can shift from mutualism to mild parasitism. However, it is unknown which genetic
regions affect the ecological outcome of this symbiosis or the contribution of sequence variation at
known nodulation genesTo investigate these questions, we performed a large quantitative trait loci
(QTL) mapping experiment using the model legume, Medicago truncatula. Replicates of 178
recombinant inbred lines were grown in the greenhouse with one of two strains of rhizobia,
representing two unique genotypes. Six phenotypic traits were recorded on 2078 plants, and the
data were subsequently analyzed for QTLs and QTL x rhizobial strain interactions. The results of this
experiment provide insights into specific regions of the M. truncatula genome that affect the
outcome of the legume-bacteria relationship.

john.stinchcombe@utoronto.ca



13" Congress of the European Society for Evolutionary Biology
Tiibingen 2011

TUE 23 AUG at 1730 - upper floor campus canteen Mensa fﬂll
Regular poster C5-Sy02-i023-R

Symposium 2
Coevolution from parasitism to mutualism

A comparison of genetic population structure in two host-parasite systems (Myotis
bechsteinii - Spinturnix bechsteini and Myotis myotis - Spinturnix myoti)

van Schaik J}, Kerth G?

"Max-Planck-Institute for Ornithology, Behavioural Ecology & Evolutionary Genetics, Starnberg-
Seewiesen, Germany, Universitat Greifswald, Applied Zoology and Conservation, Greifswald,
Germany

Summary statement:

Here we compare host and parasite genetic population structure in two systems, and suggest that
hosts adapt their social organization to minimize parasite local adaptation.

Abstract:

Aims: It is well known that parasites can alter host physiology, ecology, behavior, and population
dynamics and thereby have a considerable influence on host fitness. Moreover, previous studies
have shown that host social structure and population dynamics strongly influence the diversity and
abundance of ectoparasites. However, in vertebrate host systems with their often complex and
variable social systems it is difficult to accurately characterize the dynamics of host- parasite
relationships. As a consequence, the effect of different forms of host social systems on the genetic
co-variation of either host or parasite has rarely been empirically investigated in free-ranging
vertebrates.
Methods: In this study, we analyzed the spatial and temporal population structure of two
ectoparasitic mites (Spinturnix bechsteini and Spinturnix myoti) using mtDNA and newly developed
microsatellite loci and compared them to the genetic structure of their hosts, the Bechstein’s bat
(Myotis bechsteinii) and the greater mouse eared bat (Myotis myotis).
Results: Our results suggest that, in S. bechsteini, seasonal bottlenecks and limited dispersal result in
substantial local differentiation but long-range genetic similarity. In S. myoti, where bottlenecks are
less severe, local genetic population structure was radically different, yet long-range genetic
similarity was once again present.
Conclusions: We suggest that host social organization is optimized to minimize the opportunity for
parasite local adaptation, thereby maintaining an advantage for the host in the evolutionary arms
race despite it longer generation times compared to the parasite.

jvschaik@orn.mpg.de
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Phylogenetics of specialist herbivore butterflies

van Velzen R, Wahlberg N?, Bakker FT*

'Wageningen University, Biosystematics Group, Wageningen, Netherlands, “University of Turku,
Laboratory of Genetics, Department of Biology, Turku, Finland, *Wageningen University,
Wageningen, Netherlands

Summary statement:

Phylogeny of butterfly sister genera rejects effect of host range size on insect herbivore
diversification, but suggests an evolutionary trend in host switch direction

Abstract:

Butterflies in the African sister genera Harma and Cymothoe (Nymphalidae) are known to be
specialist herbivores. Harma is monospecific, while Cymothoe comprises 74 species. Janz, Nylin and
Wahlberg (2006) hypothesise that this contrast in net diversification is explained by a difference in
larval host range size: Harma larvae feed only on Achariaceae; in Cymothoe some species feed on the
same Achariaceae species while others feed on species of Rinorea (Violaceae). This hypothesis
predicts an elevated diversification rate after host range expansion, but to date no species-level
phylogenetic analysis of the two genera has been published to test this. We present the first
molecular phylogenetic tree of Harma and Cymothoe, based on 45 samples and covering 60% of all
species. We analysed mtDNA coi and nDNA gapdh, rps5, wingless, and idh sequences using
nucleotide and codon evolutionary models. Results confirm a rapid diversification of the genus
Cymothoe and suggest three independent host switches from Achariaceae to Rinorea within
Cymothoe. Diversification rates within Cymothoe do not correlate with these switching events,
however, rejecting the hypothesis of Janz et al (2006). Convergent evolution of Rinorea-feeding in
three independent Cymothoe clades and the absence of reversals from Rinorea back to Achariaceae
may indicate an evolutionary advantage of Rinorea associations for Cymothoe herbivores.

robin.vanvelzen@wur.nl
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How to maximize reproduction without killing my host: Infestation balance between a
weevil and the Hollyhock

Wilhelm G*
'University of Vienna, Theoretical Biology, Vienna, Austria

Summary statement:

To investigate fitness components in the relationship between Alcea rosea and the weeuvil
Rhopalapion longirostre and to document interactions we used multivariate statistics.

Abstract:

To investigate fitness components in the relationship between the host plant Common Hollyhock,
Alcea rosea (Linnaeus 1758) (Malvaceae) and the parasitic weevil Rhopalapion longirostre(Olivier
1807) (Coleoptera, Curculionoidea, Apioninae), we used multivariate statistics (i.e., principle
components analysis and path analysis). We focused on egg deposition by the females into
appropriate flower buds of the host plant and on activities of the larvae, such as the choice for seeds
for consumption, the preparation of seed chambers as a site for pupation, as well as the construction
of escape holes through which the adults later emerge.

Our analyses revealed that the optimal conditions for successful development of the weeuvil
depended on the availability of seed capsules which were characterized by a high number of well-
developed seeds, few undeveloped and few spoiled seeds. The high number of larvae, pupae and
not-emerged adults found in the seed capsules corresponds with the successful emergence of adults.
The reproductive success of the host plant is partly guaranteed by a high number of seed chambers
and many well developed seeds. Furthermore, the extended blooming period of Alcea rosea serves
as an emergency strategy by developing buds early or late in the season that cannot become
entangled in the life cycle of Rhopalapion longirostre.

29404775@unet.univie.ac.at
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Risk factors for the evolutionary emergence of pathogens

Alexander H'?, Day T
YETH Ziirich, Zurich, Switzerland, Queen's University, Kingston, Canada

Summary statement:

Newly introduced pathogens pose a challenge to public health. We use a mathematical model to
explore host- and pathogen-based factors contributing to the risk of an epidemic.

Abstract:

Recent outbreaks of novel infectious diseases (e.g. SARS, influenza H1IN1) have highlighted the threat
of cross-species pathogen transmission. When first introduced to a species, a pathogen is likely
poorly adapted to its new host and can only escape extinction in this host population through
evolutionary change. Theoretical arguments and empirical studies have suggested various factors to
explain why some pathogens emerge and others do not. These factors include host contact structure,
pathogen adaptive pathways, and mutation rates. We develop a stochastic mathematical model for
the between-host spread of an introduced pathogen as it evolves. We use a network-based
framework to separate host contact patterns from pathogen transmissibility, and allow for arbitrary
adaptive pathways among a set of pathogen strains. This approach leads to novel predictions
regarding the impact of hypothesized risk factors. We find that pathogen fitness depends on the host
population in which it circulates, and the “riskiest” contact distribution and adaptive pathway
depend on initial transmissibility. The probability of emergence is sensitive to mutation probabilities
and the number of adaptive steps required to reach a well-adapted strain. The possibility of large
adaptive steps (e.g. simultaneous point mutations or recombination) dramatically increases
emergence risk. In most situations, increasing overall mutation probability increases the risk of
emergence; however, notable exceptions arise when we account for the possibility of deleterious as
well as adaptive mutations.

helen.alexander@env.ethz.ch
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Multiple mechanisms drive the evolution of papillomaviruses: The fuzzy connection
between viral genotype and the multiple phenotypic manifiestations of papillomavirus
infections

Bravo IG"?, Goker M?, Stamatakis A, Bininda Emonds ORP®, Nindl I°7, Gottschling M®

'Catalan Institute for Oncology, Unit of Infections and Cancer, L'Hospitalet de Llobregat, Spain,
’Centre for Public Health Research (CSISP), Genomics and Health, Valencia, Spain, >DSMZ — German
Collection for Microorganisms and Cell Cultures GmbH, Braunschweig, Germany, *Heidelberg
Institute for Theoretical Studies, The Exelixis Lab, Scientific Computing Group,, Heidelberg, Germany,
>Carl von Ossietzky University Oldenburg, AG Systematics und Evolutionary Biology, IBU, Oldenburg,
Germany, ®Charité, University Hospital of Berlin, Skin Cancer Center Charité,, Berlin, Germany,
’German Cancer Research Centre (DKFZ), Heidelberg, Germany, ’Ludwig-Maximilians-University
Munich, Department Biology, Systematic Botany and Mycology, Munich, Germany

Summary statement:

Infections by certain PVs cause cancer while other give rise to benign transformation. The
evolutionary history of PVs can provide hints to explain such phenotypic diversity.

Abstract:

One out of five cases of cancers in humans is related to infection by different agents, and
Papillomaviruses (PVs) account for more than 30% of this cancer burden. Research on PV biology
relies historically on a number of assumptions, including strict host specificity, tissue tropism and
coevolution between viruses and hosts. We have constructed robust phylogenies of both hosts and
viruses and analised congruence between both reconstructions by applying a battery of tests that
include topological and branch-length comparisons. We estimate that codivergence accounts for 30%
of the evolutionary events needed to reconcile the evolutionary histories of PVs and their hosts.
Further time analyses suggest that the scenario that best describes the evolution of PVs is an early
radiation that gave rise to the major PV lineages, prior to the divergence of the ancestral mammalian
hosts, followed by independent codivergence between viruses within each of the major PV clades
and their hosts. We conclude that intra-host duplication, lineage sorting, recombination, colonization
of new niches, and host switch play further significant roles in the evolution of PVs. The implications
of these mechanisms for the appearance and evolution of the oncogenic phenotype of certain PV
infections need to be explored.

bravo_ign@gva.es
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The application of the Generalized Linear Model (GLM) to detect the main variables
involved in liver damage caused by HCV/HIV coinfection

Castro JA'?, Matas M"?, Cifuentes C?, Payeras A?, Bassa A, Homar F?, Lopez-Labrador FX*>°, Moya
A** Picornell A, Ramon MM

'Universitat de les Illes Balears, Biologia, Palma de Mallorca, Spain, %Institut Universitari
d’Investigacio en Ciéncies de la Salut (IUNICS), Palma de Mallorca, Spain, 3Hospital Son Llatzer, Unitat
del Malalties Infeccioses, Palma de Mallorca, Spain, *Institut Cavanilles de Biodiversitat i Biologia
Evolutiva, Universitat de Valencia, Valéncia, Spain, >Centro Superior de Salud Publica (CSISP), D.G.
Salud Publica, Generalitat Valenciana, Valencia, Spain, ®CIBER-ESP (Centro de Investigacion Biomédica
en Epidemiologia y Salud Publica), ISCIII, Valéncia, Spain

Summary statement:

GLM applied to hepatitis C virus (HCV) / Human Immunodeficiency virus-1 (HIV-1) co-infectected
patients to associate liver damage and characteristics of the patients and virus

Abstract:

We have carried out an study in patients with hepatitis C virus (HCV) / Human Immunodeficiency
virus-1 (HIV-1) co-infection in order to associate liver damage and disease with demographics and
clinical characteristics of the patients (i.e. sex, age, alcohol intake, time from infection, method of
transmission, disease stage, biochemical parameters, antirretroviral treatment) and with the genetic
variability of HCV (viral subtypes and nucleotide sequencing of the NS5B region). This is an extension
of a previous study based in HCV Core region sequencing, including more patients and new analysis
procedures. The genetic variability of HCV is well-studied because chronic infection is the most
important cause of advanced and end-stage liver disease leading to liver transplantation world-wide.
However, comprehensive analyses of both patient and virus characteristics are scarce. We followed
the statistical generalized linear model (GLM) methodology in a similar way as used by Szmaragd et
al. (2005) and Matas et al. (2010). The degree of liver disease was measured indirectly by means of
the indexes, APRI, Forns and FIB-4, due to the lack of protocol liver biopsies. HCV genetic variability
was studied by sequencing the NS5B region and the reconstructions of consensus maximum-
parsimony phylogenetic trees. Our analysis identifies a reduced number of variables (both from the
virus and from the host) as implicated in liver damage, such as the method of transmission, age, GGT,
alcohol intake and AST/ALT ratio, and distinct HCV phylogenetic clades.

jose.castro@uib.es
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Where Darwin meets Freud: Genomics, evolution and psychopathology of the social brain

Crespi B
'Simon Fraser University, Dept. of Biosciences, Burnaby, B. C., Canada

Summary statement:

| develop and test hypotheses for the evolutionary-genomic underpinnings of autism spectrum and
psychotic-affective spectrum conditions.

Abstract:

Human disease risks have evolved. | integrate theory and data from comparative primatology,
inclusive fitness theory, psychiatric genetics, gene coexpression, and developmental psychology to
develop and test hypotheses for the evolutionary-genomic underpinnings of autism spectrum and
psychotic-affective spectrum conditions. The primary hypothesis emerging from the analyses focuses
on autism and psychotic-affective conditions as diametrical disorders mediated by opposite, extreme
alterations to the development of human-elaborated social-brain and sexual-brain phenotypes. By
this hypothesis, social-brain architecture develops predominantly in the context of mother-child
interactions, whereby early, basic attachment, underlain in part by paternally-expressed imprinted
genes, serves as a scaffold for development of the highly-social, neocortical brain, underlain in part
by maternally-expressed imprinted genes. More generally, the human social brain may be under-
developed in childhood, manifest as autism spectrum conditions, or become selectively, relatively
over-developed usually in adolescence, resulting in psychotic-affective spectrum conditions.
Cognitive and affective variation between females and males strongly modulates liability to these
conditions, such that major epidemiological and phenotypic features of autism and psychotic-
affective conditions can be predicted from interactions between a male-female continuum and a
maternal-paternal imprinting bias continuum. This conceptual framework makes novel, testable
predictions with direct implications for psychological and pharmacological therapy, human evolution,
and human brain development.

crespi@sfu.ca
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Genomic imprinting, helpers at the nest, and age at menarche

Haig D*
'Harvard University, Department of Organismic and Evolutionary Biology, Cambridge, United States

Summary statement:

When parents divorce, future sibs will be halfsibs rather than fullsibs. Therefore, age at sexual
maturation is expected to be sensitive to cues of partner change.

Abstract:

Genomic imprinting is predicted to influence behaviors that affect asymmetric kin (individuals to
whom an actor has different degrees of matrilineal and patrilineal kinship). Effects of imprinted
genes are not predicted in interactions with non-relatives nor with symmetric kin (individuals who
are equally related to the actor’s maternally- and paternally-derived alleles) unless the genes also
have pleiotropic effects on interactions with asymmetric kin. Long-term mating-bonds are common
in many cultures but the dissolution of marriages (as a result of divorce or death of a partner) has
always, and everywhere, affected a significant proportion of the population. Divorce is associated
with predictable changes in patterns of relatedness for the children of former marriages. As long as a
couple remain together, their mutual offspring are full-sibs and symmetric kin of existing offspring.
But, once parents change partners, subsequent offspring are half-sibs and asymmetric kin of existing
offspring. Therefore, a child’s innate dispositions toward parents and younger sibs are expected to be
sensitive to whether or not its parents remain together and these dispositions may be particularly
sensitive to influences of imprinted genes after parental separation. Girls are reported to enter
puberty and begin reproduction earlier when raised in households in which their biological father is
absent. This may, in part, reflect a reduced disposition to help raise younger brothers and sisters
when these are half-sibs rather than full-sibs.

dhaig@oeb.harvard.edu
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Predicitve adaptive response: Modelling the life history of Bicyclus anynana

Heuvel JVD?, Brakefield P?, Zwaan B?, Kirkwood T*, Shanley D*, Saastamoinen M°

Leiden University, Leiden, Netherlands, 2Cambridge University, Cambridge, United Kingdom,
*Wageningen University, Wageningen, United Kingdom, *University of Newcastle, Newcastle, United
Kingdom, 5University of Helsinki, Helsinki, Finland

Summary statement:

This model shows how nice the integration can be of a evo-devo model such as Bicyclus anynana can
be used for ageing research such as the sutdy of the predictive adaptive response.

Abstract:

Individuals of the tropical butterfly Bicyclus anynana live in a predictable environment in which the
dry season is always followed by a wet season. Experiments have shown that individuals alter
allocation strategies which affect fecundity and lifespan in response to cues perceived during the late
larval stage. We built an energy allocation model of the life history of B. anynana to test whether this
response might be adaptive in field conditions. Individuals are represented as states known to
influence the biological decisions. Life history decisions are made for size at pupation, allocation to
thorax, abdomen and fat body and optimal adult behavior and allocation to repair which influence
traits such as size and body composition. The environment between seasons differed in temperature,
number of high quality patches and predatory pressure. In the model three generations of butterflies
emerged. Two generations are considered wet season morphs, the other the dry season morph. The
dry season morphs were longer lived, larger and had a higher fat content and allocated more to
repair. When individuals were stressed as larvae because they were in a bad patch, they allocated
more to thorax to be able to fly to a good patch to reproduce. This only happens in the wet season
morphs. In the experimental setup the wet season morph individuals coped better forced flight when
they were starved as larvae compared to when they had an optimal larval period. In our model we
showed that the known biology of B. anynana did evolve. Also allocation patterns differed for
individuals that had experienced food of different quality as larvae.

j-van.den.heuvel@biology.leidenuniv.nl
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Offspring health benefits from pregnancy-induced hypertension may explain why
preeclampsia still exists

Hollegaard B, Byars SG', Lykke J?, Boomsma JJ*
'University of Copenhagen, Centre for Social Evolution, Department of Biology, Copenhagen,
Denmark, *Hvidovre Hospital, Department of Gynecology and Obstetric Care, Hvidovre, Denmark

Summary statement:

Offspring health benefits from pregnancy-induced hypertension may explain why preeclampsia still
exists.

Abstract:

We have tested the hypothesis formulated by David Haig (Haig 1993, 2000) that pregnancy
complications related to elevated blood pressure and preeclampsia should not have persisted
throughout evolutionary history if they would not also have incurred fitness benefits. In particular,
Haig suggested that paternal genes expressed in the fetus may manipulate maternal blood pressure
to secure a higher provisioning rate. We used the Registries of the Danish National Health system to
analyse a data set encompassing > 1,800,000 births over the time span 1977-2007. After excluding all
cases where confounding disease variables might have affected the results, we used a sample of
637,790 singleton births for which we related maternal pregnancy diagnoses (for each of the
trimesters and for the periods before and after completion of placental growth at week 22) with the
probability of children to be diagnosed with 14 common disease categories. We found consistent
evidence that pregnancy induced hypertension (PIH) is correlated with offspring health benefits
during childhood and adolescence, provided it does not persist. When PIH continued after week 22 in
the pregnancy, with the possibility of causing leaking kidneys (proteinurea) and preeclampsia, these
offspring health benefits were no longer observed; instead the children born to mothers with
persistent and increasing pregnancy complications suffered consistently enhanced risks of being
diagnosed with disease during childhood and adolescence.

bhhartsteen@bio.ku.dk
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A plague on both your houses: The intersection of infectious disease, city dwelling and
religious belief

Hughes D', Trinitapoli J?, Jenkins P

'Penn State University, Center for Infectious Disease Dynamics, State College, United States, *Penn
State University, Department of Sociology & Crime, Law and Justice, State College, United States,
*Penn State University, Department of History and Religious Studies, State College, United States

Summary statement:

Cultural evolution, particularly diversity among religious beliefs, shapes infectious disease dynamics
in cities.

Abstract:

Religious beliefs are supposedly anathema to evolutionary biology and for most researchers this
would extend to the topic of this symposium. But in the case of infectious diseases, religious belief is
critical to understanding disease dynamics because the multiple origins of monotheistic systems
during the Axial age (800-200 BCE) exactly parallels the emergence of highly virulent diseases capable
of killing up to two-thirds of a population. Using a combined evolutionary, historical, theological and
demographic framework we examine all major epidemics over the last 3,500 years. Focusing first on
extreme altruism (caring for non-related infectious individuals at significant risk of death) we show
that this behavior is strongly dependent on the type of religion practiced during an epidemic.
Further, epidemics catalyze change giving (cultural)fitness advantages to one belief over another
(e.g. the Antonine and Cyprian Plagues of Rome). We also show how the increasing evidence of germ
theory shaped theology (notably 9th Century Islam). Finally, we detail our initial work adopting the
comparative approach of evolutionary biology to examine group differences within a single
environment over a defined period of time (1200-1600 CE in the area of Europe, the Near East and
the Mediterranean World). The groups are: Western Catholic societies, Eastern Christian societies,
The Islamic world, Jewish societies and (After 1500) Protestant societies. We conclude by outlining
our experimental work on HIV in modern Malawi and detail future experimental work in Europe and
America were we examine the behavioral plasticity of disease-associated behaviors in the context of
belief.

dhughes@psu.edu
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Long-term balancing selection at the blood group-related gene B4galnt2 in the genus Mus
(Rodentia; Muridae)

Linnenbrink M, Johnsen J?, Montero I*, Brzezinski C°, Harr B*, Baines JF**

'Christian Albrechts University of Kiel, Institute for Experimental Medicine, Kiel, Germany, *Ludwig-
Maximilians-University, Evolutionary and Functional Genomics, Munich, Germany, 3University of
Washington, Research Division, Puget Sound Blood Center and Department of Internal Medicine,
Seattle, United States, “Max Planck Institute for Evolutionary Biology, Plon, Germany

Summary statement:

A survey of the B4galnt2 gene region reveals long-term balancing selection associated with the
maintenance of tissue-specific expression patterns in house mice and their relatives.

Abstract:

Recent surveys of the human genome have highlighted the significance of balancing selection in
relation to understanding the evolutionary origins of disease-associated variation. Cis-regulatory
variation at the blood group-related glycosyltransferase B4galnt2 is associated with a phenotype in
mice that closely resembles a common human bleeding disorder, von Willebrand disease. In this
study, we have performed a survey of the 5’ flanking region of the B4galnt2 gene in several Mus
musculus subspecies and M. spretus. Our results reveal a clear pattern of trans-species
polymorphism and indicate that allele classes conferring alternative tissue-specific expression
patterns have been maintained for >2 million years in the genus Mus. Furthermore, analysis of
B4galnt2 expression patterns revealed the presence of an additional functional class of alleles, which
indicates that the alteration of a gastrointestinal phenotype likely plays a role in the long-term
maintenance of expression variation at this gene.

linnenbrink@bio.Imu.de
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Does sexual antagonism cause disease?

Morrow EH*
'Uppsala University, Ecology and Genetics, Uppsala, Sweden

Summary statement:

Sexual antagonism is apparently common in organisms with separate sexes. | discuss why it may
underlie many common human diseases and present the first test of this hypothesis.

Abstract:

The new science of Darwinian medicine seeks to provide ultimate explanations for the existence of
the diseases and conditions that afflict modern humans, thereby generating a deeper understanding
of, and new strategies for, both medical research and patient care. Its success relies on the principle
that we, like every other living organism, are the product of evolutionary processes. To date,
investigators studying the genetics of human disease have been working from the assumption that
purifying selection is the major force that balances the deleterious effects of mutation. But
evolutionary biologists now realize that selection can take some unexpected forms and not all
mutations are always deleterious; context is everything. For example, a gene may be favoured by
selection in one sex but disfavoured by selection in the opposite sex. This kind of genomic intralocus
sexual conflict is known to be an important component of fitness variation but its potential role in
causing human disease has yet to be fully explored. As well as presenting the first empirical test of
this hypothesis, | discuss why there are good reasons to believe that sexually antagonistic selection
may be an important factor underlying many common human diseases, and why the hunt for genes
associated with elevated disease risk, using approaches such as GWAS, needs to be adjusted to the
reality that males and females frequently experience conflicting selection pressures.

ted.morrow@ebc.uu.se
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Parasite virulence and persistence under various host conditions

Murall CL', Bauch C*, McCann KS*
'University of Guelph, Guelph, Canada

Summary statement:

We use a framework that combines life history trade-offs and community ecology to explore
outcomes of in-host dynamics across a gradient of different host environments.

Abstract:

A number of host-specific factors, such as smoking and HLA type, have been identified as being
important to in-host dynamics of pathogens. Yet we still cannot predict when any given person will
clear an infection, whether it will become chronic, or if resistance will evolve during treatment. The
link between in-host environment, ecological processes and evolutionary responses is at the heart of
these issues. Here we view in-host, life-history trade-offs within a community ecology framework
consisting of community modules and interaction strengths as a way to help us complete the picture
of how disease burden and outcomes, such as strain dominance, are context dependent. Using a
simple model of viral dynamics, we show in both chronic and acute infections that by knowing the
community structure of the infection and the in-host trade-offs that constrain the parasite-host
system, one can help explain infection outcomes of in-host dynamics across a gradient of different
host environments. As a specific example, we will discuss the replication/clearance trade-off and the
cost of immune evasion in Human Papillomavirus and how the vaccine alters these natural
conditions. We also show that under certain conditions co-infecting parasites can appear neutral to
each other or even mutualistic when in fact they are still competing. Finally, we demonstrate how
parasite traits (such as defense strategies and resource use) fit within the module framework and can
lead to longer persistence within a host. Given the central role of trade-offs in ecological and
evolutionary dynamics, this work emphasizes the importance of finding them inside hosts across a
range of immunity types.

cmurall@uoguelph.ca
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Will dietary restriction extend life and health span in human beings? A phylogenetic meta-
analysis

Nakagawa S', Lagisz M", Hector KL', Spencer HG*
'University of Otago, Department of Zoology, Dunedin, New Zealand

Summary statement:

Our meta-analytic results suggest that dietary restriction could extend life span of humans under
‘certain’ circumstances.

Abstract:

Aging results in heightened risks of numerous diseases not only in humans but also in many other
species. Dietary restriction (DR, reduced food intake without mal-nutrition) is claimed to be the most
robust intervention to aging, decreasing risks of age-related diseases. Such a claim originates from
the fact that DR has extended lifespan of taxonomically diverse species, and also DR has generally
ameliorated many age-related diseases in laboratory mammals. However, the effect of DR for human
longevity and health is still controversial. To obtain a holistic picture of available evidence, we
conducted the first phylogenetic meta-analysis to investigate the relationship between DR and
longevity, using 145 studies covering 36 species. The results suggested DR could prolong the lifespan
of all species given that several factors were set ‘correctly’. We will reveal these important
parameters for DR to improve longevity and discuss how our results can be interpreted for us,
humans. We propose a new graphical model where we point out that there may be neglected
pathways, which may reduce lifespan via DR, opposing to nutrient-signaling pathways, which have
been found responsible for extending lifespans of many laboratory species. This model may guide
future DR-related aging research and the associated endeavors to intervene aging via DR and DR
mimetics.

shinichi.nakagawa@otago.ac.nz
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Preventing cancer by requiring altruistic signals

Ofia L', Lachmann M*
'Max Planck Institute for Evolutionary Anthropology, Evolutionary Genetics, Leipzig, Germany

Summary statement:

Growth Factors (GFs) stimulate the proliferation of cells by a mechanism known as paracrine. Such
mechanism reduce the rate of evolution, delaying the onset of cancer.

Abstract:

Developmental process and tumorigenesis have been long understood to be interrelated. In order to
proliferate normal cells requires mitogenic growth signals (GS). Many oncogenes act by mimicking
normal growth signalling. Growth Factors (GFs) use to stimulate the proliferation of another cells by
a mechanism known as paracrine, this type of signalling is classified as heterotypic. In this work we
will argue that such type of signalling works as a mechanism to reduce the rate of cancer evolution,
delaying its onset. We investigate how the relationship between the cost of producing the signal and
the area of benefit affecting cells can evolve to reduce the emergence of cancer. We find that there
is a critical number of signalling cells from which selection favours cells generating such type of
signal.

leonardo_bubach@eva.mpg.de
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Are old ages useless with respect to selection? A reconsideration of the common
variants/common diseases hypothesis

Pavard S', Metcalf JC?, Toupance B*, Gagnon A?, Evelyne H*

'National Museum of National History, Human Population Genetics, Paris, France, ’Princeton
University, Ecology and Evolutionary Biology, Princeton, United States, *University of Western
Ontario, Department of Sociology, London, Canada

Summary statement:

Lecturer at the National Museum of Natural History, | study the evolution of humans’ life-history and
especially how social behaviours coevolved with survival and fertility.

Abstract:

Because few individuals survive at old ages and because no reproduction occurs after menopause, it
is believed that alleles involved in late mortality are selectively neutral. However, most alleles
associated with susceptibility to late onset diseases are at low frequency, which is characteristic of
alleles under negative selection. Three phenomena may explain why these alleles may be negatively
selected: (i) men often reproduce with younger women until old ages; (ii) parents enhance their
offspring’s fitness by caring for them during post-reproductive period; and (iii) variance in diseases’
age of onset means that cases may occur during reproductive ages although the mean age at onset is
long after. Here, we modelled (i) and (ii) for a large range of demographic behaviours and population
dynamics. We also used literature on the 50 common late-onset diseases to determine (iii): the
parameter space of their age of onset distribution. We incorporate these three phenomena into a
population genetic framework to calculate selection coefficients corresponding to alleles associated
with late-onset diseases. Results show that negative selection occurs for most of the parameter
space encompassed by known late-onset genetic diseases. Moreover, estimated negative selection is
capable of overcoming genetic drift for an effective population size Ne compatible with most human
populations. For most common diseases (e.g., familial form of breast and ovarian cancer), variance in
age of onset has the largest impact on selection coefficients’ magnitude, followed by potential
reproduction of older men and maternal care.

pavard@mnhn.fr
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Genetic determinants of lifespan: an evolutionary approach. A test of 120 candidate genes
for early childhood survival and longevity in a cohort of 7000 Ghanaians

Pijpe J*, Eriksson UK?, Slagboom PE?>, De Knijff P!, Metspalu A*, Zwaan BJ>°, Westendorp RG*

Leiden University Medical Center, Human Genetics, Leiden, Netherlands, ’Leiden University Medical
Center, Gerontology and Geriatrics, Leiden, Netherlands, 3Leiden University Medical Center,
Molecular Epidemiology, Leiden, Netherlands, “University of Tartu, Institute of Molecular Cell
Biology, Tartu, Estonia, >Wageningen University, Laboratory of Genetics, Wageningen, Netherlands,
®Leiden University, Institute of Biology, Leiden, Netherlands

Summary statement:

Variation in 120 candidate genes in immunity and endocrine signaling will be tested for association
with survival during childhood and in old age, and with fertility.

Abstract:

The regulation of human lifespan is influenced by genetic factors. The conclusion from theoretical
and experimental work in a range of organisms is that there is no selection for senescence, but rather
a "side-effect" of selection for increased pre-adult survival and reproduction. The environments in
which humans have lived for the past few thousand years were adverse. In contrast, most studies of
genetic determinants of survival to old age in humans are solely based in affluent societies where
there is little selective pressure on traits important for early survival due to sanitary and medical
interventions. We investigate the association of genetic variation in candidate genes with human life
history in rural northern Ghana, where the environment is highly adverse and infections diseases as
malaria, typhoid fever, and diarrheal diseases are endemic.
We identify common allelic variation by high density tag SNP genotyping using a custom array in a
selection of 120 candidate genes involved in immunity and endocrine signaling. We contrast allelic,
genotypic, and haplotypic frequencies between three age categories:
1000 newborns that represent the standing genetic variation
3500 adults that survived until reproductive age, and for whom we associate genetic data with
number and survival of offspring.
2500 individuals aged >60, that survived to old age.
We include socio-economic status and drinking source to investigate gene-by-environment
interaction for each allele.
The first results of this project will be presented. In a second stage, we will test whether identified
variants contribute to mortality and morbidity in cohorts from affluent societies.

j-pijpe@Ilumc.nl
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The role of blood group antigens in shaping diversity of the mammalian intestinal
microbiota and susceptibility to disease

Rausch P*, Baines JF**?
'Max-Planck-Institute for Evolutionary Biology, Evolutionary Genomics, Plon, Germany, “Christian-
Albrechts-University, Institute for Experimental Medicine, Kiel, Germany

Summary statement:

To study the role of fucosylated glycans on bacterial community structure in the gastrointestinal tract
and host fitness, we are using a mouse Fut2 knockout model.

Abstract:

The microbial communities inhabiting the mammalian gastrointestinal tract play an important role in
diverse aspects of host biology. However, little is known regarding the forces shaping variation in
these communities and its influence on host fitness. Because blood group antigen genes are frequent
targets of natural selection and influence the attachment and colonization of both pathogenic and
commensal/symbiotic bacteria in the gastrointestinal tract, they represent good candidates for
describing the evolutionary forces surrounding host-microbiota interactions. The FUT2 gene is
responsible for the expression of ABO histo-blood group antigens on the gastrointestinal mucosa and
in bodily secretions and is a target of balancing selection in human populations. Individuals lacking a
functional copy of FUT2 are known as “nonsecretors” and display an array of differences in
susceptibility to infection and disease. To determine whether altered host — microbiota interactions
may in part mediate disease susceptibility, we are performing an analysis of bacterial colonization
and community structure and composition under contrasting environmental conditions using a
mouse Fut2 knockout model.

rausch@evolbio.mpg.de
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Unsolved problems in evolutionary medicine

Stearns S
'Yale University, Department of Ecology and Evolutionary Biology, New Haven, United States

Summary statement:

| will briefly sketch the reasons for a specific research agenda in evolutionary medicine.

Abstract:

What are the issues in evolutionary medicine that have important immediate implications for
medical practice, and in which of these is additional research most badly needed? | will present and
discuss a list of these high priority issues. They include evolution-proof antibacterial therapies,
evolution-proof cancer therapies, the mechanisms that mediate auto-immune responses to hygiene,
the mechanisms that mediate the hypothesized effects of parent-of-origin imprinting on mental
function, the threat that leaky vaccines will select for increased virulence and how that virulence
might be managed, and the issue of when it pays the host to tolerate rather than resist an infection.

stephen.stearns@yale.edu
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Intragenomic conflict in the social brain: Menopause

Ubeda F', Gardner A?
'University of Tennessee, Ecology and Evolutionary Biology, Knoxville, United States, *Oxford
University, Zoology Department, Oxford, United Kingdom

Summary statement:

We present a series of models for the evolution of genomic imprinting in genes underpinning social
behavior. We discuss their implications for the evolution of menopause in humans.

Abstract:

What are imprinted genes doing in the adult brain? Genomic imprinting is when a gene’s expression
depends upon parent of origin. According to the prevailing view, the ‘kinship theory’ of genomic
imprinting, this effect is driven by evolutionary conflicts between genes inherited via sperm versus
egg. This theory emphasizes conflicts over the allocation of maternal resources, and focuses upon
genes that are expressed in the placenta and infant brain. However, there is growing evidence that
imprinted genes are also expressed in the juvenile and adult brain, after cessation of parental care.
Here we advance the kinship theory by developing a series of evolutionary models of genomic
imprinting for social behavior beyond the nuclear family. We consider the role of demography and
mating system, emphasizing the importance of sex differences in dispersal, survival and variance in
reproductive success. We discuss the implications for the evolution of menopause in human
populations with different social structures.

fubeda@utk.edu



13" Congress of the European Society for Evolutionary Biology
Tiibingen 2011

MON 22 AUG at 1550 - Room N5 4lll
Oral presentation B4-Sy03-1550-0

Symposium 3
Evolution and human disease

Deep re-sequencing reveals the abundance and geographic structure of rare variant
diversity in humans

Wegmann D', Zawistowski MS?, St. Jean PL?, Zhang P?, Kessner D', Gopalakrishnan S°>, Ehm MG>, Li J?,
Li Y*, Abecasis G*, Whittaker JC?, Chissoe SL?, Mooser VE?, ZélIner S?, Nelson MR?, Novembre J*
'University of California Los Angeles, Dept. of Ecology and Evolutionary Biology, Los Angeles, United
States, 2University of Michigan, Biostatistics, Ann Arbor, United States, *GlaxoSmithKline, Genetics,
Research Triangle Park, United States, 4University of North Carolina, Biostatistics, Chapel Hill, United
States

Summary statement:

One of the deepest re-sequencing experiments to date provides insights into the exonic variation and
patterns of selection at 202 genes encoding known or prospective drug targets.

Abstract:

The sample sizes used in re-sequencing studies to date have typically precluded the direct
observation of rare variants (e.g. variants < 1% frequency), yet such variants are of exceptional
interest to medical and population genetics. With the goal of discovering such variants and their
phenotypic consequences, we re-sequenced at high depth (>25x) 202 genes encoding current or
prospective drug targets in >14,000 individuals, including cases and controls for 12 common diseases.
This sample provides a unique opportunity to study the geographic distribution of genetic variants as
it includes >275 individuals from 4 globally distributed populations (African-American, East Asian,
European, and South Asian). Within Europe, the sample contains >500 individuals from each of more
than 6 geographically defined populations. The sequencing revealed variants at a rate much larger
than expected from patterns of variation observed in smaller samples. We observed 38535 single
nucleotide variants (SNVs) over nearly 800 kilobases of sequence in Europeans, corresponding to an
average of one SNV every 21 bases. Over 9400 of these variants cause changes in the amino acid
sequence and 5895 of them are predicted to affect protein function. These patterns arise because of
recent demographic growth in humans and because many rare variants seem to be slightly
deleterious variants that are not segregating at higher frequencies. We also find the rate of rare
variant discovery differs among populations and rare variants are shared preferentially between
geographically proximal populations. These results give insights to very recent demography and gene
flow patterns in humans.

daniel.wegmann@ucla.edu
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Ecology and the evolution of public goods production in Microorganisms

Akos Dobay A', Rankin DJ*
1University of Zurich, Institute of Evolutionary Biology and Environmental Studies, Zurich, Switzerland

Summary statement:

Bacterial cooperation. Agent-based model. Public goods. Virulence. Ecology. Social biology.

Abstract:

Microorganisms display a wide range of cooperative behaviours. In particular, many microorganisms
produce public goods, which can potentially be exploited by other organisms. While kin selection has
been shown to be important in promoting microbial cooperation, many other factors remain
unexplored. In particular, the influence of microbial ecology on virulence and sociality is only coming
to light, and many factors, from density-dependence to interspecific interactions, are likely to be
important in promoting, or inhibiting, cooperative behaviours. Here we build an explicit model of
bacterial growth to look at the evolution of public goods production. We explicitly model public
goods as individual, diffusing molecules, which allows us to alter the relative scale of cooperation and
scale of competition. We explore how different aspects of the ecology, from density, interspecific
interactions, durability and diffusion of public goods, and the scale of competition, affect the
evolution of cooperation. We then look at the invisibility and stability of co-operators under these
different ecological scenarios. Out results highlight the importance of ecology in the evolution of
microbial sociality.

akos.dobay@uzh.ch
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Within-host parasite cooperation and the evolution of virulence

Alizon S, Lion S*
'CNRS, MIVEGEC (UMR 5290), Montpellier, France, CNRS, CEFE (UMR 5175), Montpellier, France

Summary statement:

For parasite producing public goods, it is argued that co-infections select for less virulent strains. We
show that this may not be the case because of epidemiological feedbacks.

Abstract:

Infections by multiple genotypes are common in nature and are known to select for higher levels of
virulence for some parasites. When parasites produce public goods within the host, such co-
infections have been predicted to select for lower levels of virulence. However, this prediction is
based on frameworks that neglect potential epidemiological feedbacks on the multiplicity of
infections. Here, we analyse the case of parasites producing a public good, for example siderophore-
producing bacteria, using a nested model that ties together within-host and epidemiological
processes. We find that the current prediction that co-infection should select for less virulent strains
for public-goods producing parasites is only valid if both parasite transmission and virulence are
linear functions of parasite density. If there is a trade-off relationship such that virulence increases
more rapidly than transmission, or if virulence also depends on the total amount of public goods
produced, then the opposite outcome can be reached (adding co-infections selects for more virulent
strains). Our results reveal that theoretical or empirical studies that seek to determine optimal
virulence within a single host may not be representative of the selection pressures faced by parasites
at the population level. These results also underline the importance of taking epidemiological
feedbacks into account when studying the evolution of infectious diseases.

samuel.alizon@ird.fr
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Sick ants become unsociable

Bos N*, Lefévre T, Jensen AB?, d'Ettorre P**

'University of Copenhagen, Centre for Social Evolution, Department of Biology, Copenhagen,
Denmark, 2Emory University, Department of Biology, Atlanta GA, United States, U niversity of
Copenhagen, Department of Agriculture & Ecology, Copenhagen, Denmark, *University of Paris 13,
Laboratoire d'Ethologie Expérimentale et Comparée, Villetaneuse, France

Summary statement:

Infected ants do not signal their physiological status to nestmates, but leave the nest by themselves,
while becoming more aggressive against non-nestmates.

Abstract:

Parasites represent a severe threat to eusocial insects which form high density colonies of closely
related individuals, and natural selection should therefore favour host traits that reduce infection
risk. Here, using the ant Camponotus aethiops and the parasitic fungus Metarhizium anisopliae, we
show that infected nestmates radically change their behaviour overtime in a way that decreases
social contacts and hence potentially reduces the risk of colony infection. In particular, infected
individuals (i) spent most of their time outside the nest from day 3 post-infection until death; (ii) did
not interact with brood the days following infection and; (iii) performed significantly less trophallaxis
and allo-grooming than their uninfected counterparts. Interestingly, infected individuals spent more
time self-grooming and received more allo-grooming than uninfected nestmates only in the early
days post-infection, possibly to ward off the freshly deposited infective spores. In dyadic encounter
tests, infected ants displayed an increased aggressiveness toward non-nestmates. Finally, we found
no significant differences in the cuticular chemical profile of infected and uninfected ants, suggesting
that infected individuals do not signal their physiological status to nestmates. Our results provide
evidence for the evolution of unsociability following parasite infection in a eusocial insect and
confirm the role of inclusive fitness in driving such evolution.

nbos@bio.ku.dk



13" Congress of the European Society for Evolutionary Biology
Tiibingen 2011

Upper floor lecture hall centre HZ : Alll
Essence poster £-Sy04-i001-E

Symposium 4
Cooperation and virulence

The population genetics of Al-2 quorum sensing genes in Escherichia coli

Brito PH', Gordo I', Xavier K*
!Instituto Gulbenkian de Ciencia, Oeiras, Portugal

Summary statement:

Genetic diversity and signals of selection on Al-2 QS genes (Isr operon and luxS) across all available
genomes of E. coli.

Abstract:

Although single cell organisms, bacteria can express coordinated multicellular behaviors, such as
virulence, biofilm formation, and quorum sensing (QS). Autoinducers-2 (Al-2) represent a nonspecies-
specific signal produced to mediate both intra- and interspecies communication in bacterial QS. We
analyzed the genetic diversity of Al-2 QS genes (Isr operon and luxS) across all available genomes of
E. coli and found a level of polymorphism in gene content that cannot be explained by neutral
evolution alone. Many strains do not hold a complete functional Isr operon, and the presence of
genes does not correlate with phylogenetic history, pathogeneicity, or virotype. The loss of function
occurred multiple independent times during the evolution of E. coli, and once initiated
pseudogenization is fast and does not follow a fixed gene order. Analyses of selection show that two
important genes are under balancing selection: the luxS (Al-2 synthase) and the IsrA the gene that
codes for the ATPase enzyme that produces the energy necessary for the internalization of Al-2 into
the cell. These signals of balancing selection at the nucleotide level may be the result of evolution on
fluctuating environments or alternatively, the consequence of frequency-dependent selection acting
on the efficiency of signal production and internalization. The later would support the hypothesis of
Al-2 QS as a cooperative behavior vulnerable to the evolution of cheating. In P. aeruginosa social
behaviors are routinely lost from isolates obtained from lung infections indicating a fitness advantage
of cheating during infection. We hypothesize that a similar process also occurs with Al-2 system of E.
coli.

pbrito@igc.gulbenkian.pt
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Host-parasite sociality and virulence: bacteria as model hosts, parasites, cooperators and
cheats

Brown SP!
'University of Edinburgh, Centre for Immunity, Infection and Evolution, Edinburgh, United Kingdom

Summary statement:

Social interactions among mobile genetic elements, bacteria and human hosts shape virulence.

Abstract:

Host-parasite interactions are inescapably social: the fitness of the host is influenced by the
behaviour of the parasite, and vice-versa. When hosts are infected with multiple parasite genotypes,
social interactions can also play out among cooperative and cheating parasites within the host. Here |
review social interactions in microbial communities, with a focus on bacteria as both hosts (to phages
and plasmids) and as parasites (within spatially-structured eukaryotic hosts). We show that plasmids
can supply the genes and genetic structure to allow cooperation to establish, and that virulent
phages can structure their bacterial host populations in ways that allow host cooperation to be
maintained. We then explore the consequences of more complex (nested) eukaryotic host structures
on the evolution of bacterial sociality and resulting virulence. The biomedical implications of socio-
microbiology will be discussed.

sam.brown@ed.ac.uk
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Longevity: A life history-based defense against parasites in a social insect

Buechel SD*, Schmid-Hempel P!
'ETH Ziirich, Environmental Sciences, Ziirich, Switzerland

Summary statement:

Enhancing worker turnover reduces the spread of a bumblebee parasite. Short worker lifespan
improves colony fitness and lifespan variation thus may pose a collective defense.

Abstract:

Colony “pace”, as indicated by worker activity rate, timing of life history events, or worker turnover
during the colony cycle, is an important but often overlooked element shaping social insect biology.
In the bumblebee Bombus terrestris, and likely also in other social insects, some colonies seem to
have rapid worker turnover. Workers die at young age but new workers are produced frequently and
hence colony growth is sustained. For parasites however, rapid worker turnover should have
consequences, too. We expect an infectious parasite such as Crithidia bombi (a common bumblebee
parasite), to become highly infectious, more virulent and probably more specialized when workers
are short lived. From the colony’s perspective, rapid worker turnover might furthermore select for
the most specialized parasite, reduce parasite strain diversity and ultimately lead to a lower infection
probability for daughter queens. This is because infected workers might die before transmitting the
disease, thereby reducing parasite spread in the colony. Here, we tested these assumptions in the
laboratory by experimentally altering turnover rates in groups of workers. We investigated whether
fewer workers get infected and whether Crithidia strain diversity is reduced in groups of Bombus
terrestris workers with a rapid turnover rate. We found that rapid worker turnover indeed reduces
the proportion of infected individuals in worker groups. As a short worker lifespan can improve
colony fitness during infection, variation in worker lifespan might pose a collective defense against
parasites in social insect colonies.

severine.buechel@env.ethz.ch
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Evolution of host life-history traits in a spatially structured host-parasite system

Debarre F}, Lion S%, van Baalen M?, Gandon S*
'Universite Montpellier 2, Montpellier Cedex, France, °CNRS, Montpellier, France, >*CNRS ENS UPMC,
Paris, France

Summary statement:

Spatial structure allows for the evolution of altruistic host defense strategies like increased disease-
induced mortality or reduced transmission.

Abstract:

Most models for the evolution of host defense against parasites assume that host populations are
not spatially structured. Yet, local interactions and limited dispersal can strongly affect the
evolutionary outcome, as they significantly alter epidemiological feedbacks and the spatial genetic
structuring of the host population. In this presentation, we provide a general framework to study the
evolution of various host life history traits in a spatially structured host population infected by a
horizontally and locally transmitted parasite. Our analysis teases apart the selective pressures on
hosts, and helps disentangle the direct fitness effect of mutations and their indirect effects via the
influence of space on the genetic, demographic and epidemiological structure of the host population.
We illustrate the evolutionary consequences of spatial structure by focusing on the evolution of two
host defense strategies against parasitism: suicide upon infection (i.e. increase in disease-induced
mortality, often referred to as parasite virulence, but here under the host’s control) and reduced
transmission. As they bring no direct fitness benefit, these strategies are counter-selected in a non-
spatial setting, but we show that they can be selected for in a spatially structured environment. Our
study thus sheds light upon the evolution of altruistic defense mechanisms that have been observed
in various biological systems, and can account for the high levels of disease-induced mortality
observed in nature.

florence.debarre@normalesup.org



13" Congress of the European Society for Evolutionary Biology
Tiibingen 2011

TUE 23 AUG at 1730 - upper floor campus canteen Mensa f‘l"
Regular poster C5-Sy04-i003-R

Symposium 4
Cooperation and virulence

Simulations and empirical data reveal the influence of population structure and the costs
and benefits of defense on the evolution of host defenses in a social parasite system

Foitzik S', Pamminger T', Metzler D*

'Johannes Gutenberg Universitit Mainz, Institut fiir Zoologie, Abteilung Evolutionsbiologie, Mainz,
Germany, “Ludwig-Maximilians-Universitdt Minchen, Department Biologie Il, Planegg-Martinsried,
Germany

Summary statement:

Population genetic data and simulations demonstrate that population structure and the costs /
benefits of defense are crucial for the evolution of the defense trait slave rebellion

Abstract:

Geographic patterns of host resistance and parasite virulence depend on the fitness consequences of
these traits and on the population structure. Socially parasitic slavemaking ants use allospecific
workers to raise their young and slaves are stolen during raids. Parasite pressure led to the evolution
of host defenses either to circumvent parasitism - e.g. defenses - or to mitigate its costs once
workers have been enslaved such as the “slave rebellion” trait: enslaved Temnothorax workers were
observed to kill pupae of the slavemaking ant Protomognathus americanus. The ensuing reduced
growth of parasite nests lead to fewer and less destructive raids. We analyzed whether parasitic
brood destruction increases the inclusive fitness of enslaved workers by reducing the raiding risk for
related host colonies nearby. Genetic analyses detected weak population structure and host colonies
that survived raids, which could directly profit from rebellion of their slave relatives. A simulation
revealed the conditions under which the slave rebellion trait could spread. Beside host structure, the
costs of resistance were found to be crucial. Costs could include the erroneous killing of own brood
and indeed killing rates of parasite and host populations co-varied geographically. To avoid fitness
costs in the absence of parasitism, defenses could evolve to be inducible and we demonstrated the
first inducible defense trait in host-social parasite systems. Using a combination of empirical and
theoretical methods we were able to explore under which conditions host defenses will evolve and
spread in host populations.

foitzik@uni-mainz.de
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Social immunity and virulence

Hughes W*
'University of Leeds, Institute of Integrative and Comparative Biology, Leeds, United Kingdom

Summary statement:

Highly social organisms, such as ants, cooperate to resist parasites and their “social immunity” may
affect the virulence of parasites at multiple levels.

Abstract:

Social organisms are often characterised by cooperation between members of a group, with
individuals in many of the more highly social taxa, such as the social insects, gaining fitness indirectly
by helping relatives rather than directly via their own reproduction. The concept of parasite virulence
in such social hosts is thus more complex than in solitary host species, and parasites can potentially
be virulent at the individual-level but avirulent at the group-level, or vice versa. Host cooperation can
extend to the resistance of parasites and this may result in groups exhibiting a form of “social
immunity’. In its broad-sense, social immunity consists of a variety of social interactions which help
the group resist parasites and are analogous at the level of the group or “superorganism’ to the
physiological immune response of an individual. In its narrow-sense, social immunity entails the
transfer between individuals of immunologically active compounds. Here | will describe work
showing that social immunity in ants involves prophylactic and proactive measures, but can also be
adaptive in a similar way to the physiological immune response. | will examine whether this social
immunity is specific and consider if social immunity can affect the virulence that parasites express in
hosts at the individual or group-levels.

w.o.h.hughes@leeds.ac.uk
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Spite and cooperation in Pseudomonas aeruginosa

Inglis RF*, Brown S?, Buckling A®
'Univeristy of Oxford, Zoology, Oxford, United Kingdom, “University of Edinburgh, Edinburgh, United
Kingdom, 3University of Exeter, Falmouth, United Kingdom

Summary statement:

Spite and cooperation are two important social traits in the evolution and virulence of bacteria. In
this study we examine how they interact in Pseduomonas aeruginosa.

Abstract:

Social interactions have been shown to play an important role in bacterial evolution and virulence.
However, the majority of empirical studies conducted have only considered social traits in isolation.
This simplistic approach, although extremely useful in identifying conditions where individual traits
can be favoured, may miss potentially important synergies or antagonisms between social traits that
are expressed simultaneously. In this study we develop new theory and conduct experiments to
elucidate how two social traits (spite and public goods cooperation) can interact in the bacterium
Pseudomonas aeruginosa, and how this in turn can affect virulence. Consistent with our theoretical
predictions, we find that spite and public goods cooperation work together in a synergistic manner,
changing the ecological conditions where these two traits can be favoured. Specifically, spiteful
genotypes are favoured at higher frequencies when competing against public good cheats.
Furthermore, this interaction between traits predictably impacts bacterial virulence in our caterpillar
model system. These results confirm the importance of considering multiple social traits
simultaneously, especially under natural conditions where multiple traits can significantly contribute
to bacterial fitness.

fredrikinglis@gmail.com
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Colony level effects of multiple pathogen exposures in ant societies

Konrad M*, Cremer S*
YInstitute of Science and Technology Austria, Klosterneuburg, Austria

Summary statement:

We studied the colony level effects of simultaneous and sequential exposure to different fungal
pathogens in the ant Lasius neglectus.

Abstract:

Similar to long-lived individual organisms, also long-lived societies face the problem of multiple
infections with parasites and pathogens. Exposure to multiple parasites can occur simultaneously or
sequentially, both within individuals and within colonies. Here we report on the colony level effects
of simultaneous and sequential exposure to different fungal pathogens in the invasive garden ant,
Lasius neglectus.

Insect societies have evolved sophisticated collective anti-parasite defences that combine the
immune systems of all group members and their collective social hygienic behaviours. Nevertheless
infections with single or multiple pathogens are highly likely to occur in nature. Spores of the studied
entomopathogenic fungi are common in the soil surrounding ant nests, as well as in form of
sporulating insect cadavers and thus spores of different fungi can be easily picked up by foragers of
the colony.

We studied the susceptibility of ant workers to multiple pathogens in the nest in different
populations of L. neglectus and found that colonies can pay an unexpectedly high cost of these
multiple infections.

matthias.konrad@ist.ac.at



13" Congress of the European Society for Evolutionary Biology
Tiibingen 2011

Upper floor lecture hall centre HZ Alll
Essence poster £-Sy04-i002-E

Symposium 4
Cooperation and virulence

Cooperation and cheating can lead to the evolution of diversity in siderophore-producing
bacteria

Lee W', Jansen VAA!, van Baalen M?
'Royal Holloway University of London, Egham, United Kingdom, “Université Pierre et Marie Curie,
UMR 7625 « Ecologie & Evolution », Paris, France

Summary statement:

This study provides an explanation for the maintenance of diversity in siderophore producing
bacteria, through the interplay between cooperators and cheaters.

Abstract:

Genetical and phenotypical diversity in siderophore producing bacteria is high, but how such
diversity has arisen and how it is maintained remains enigmatic. Siderophores are secreted into the
extracellular environments to bind iron; then, they can be taken up by any organism that has the
suitable receptor. In other words, organisms (strains, or clones) share their siderophores as a
common good. Assuming that the production of siderophores is costly, this common good system
may favour non producing siderophore users (cheaters). We suggest that diversity arises from the
interplay between siderophore producing (cooperators) and non-producing (cheaters) individuals:
when there are many cheaters exploiting a siderophore type it would be beneficial for a mutant to
produce a siderophore that is incompatible with the dominant population.

Here we analyse a mathematical model of metapopulations to investigate the potential for the
emergence of diversity. We found that diversity indeed collapses in the metapopulation when
cheaters are absent. When present, cheaters act as a controlling agent, preventing any strains of
cooperators from dominating the others: they counteract genetic drift by regulating the populations
of cooperators. This frequency-dependent mechanism selects against any dominant siderophore
producing strains and thus provides a mechanism for the maintenance of siderophore diversity in the
population. However, cheaters are rare most of the time and only appear when one of the
siderophore types becomes common.

william.lee.2008@live.rhul.ac.uk
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Multiple infection and evolution of interference in viral populations

Leggett HC', Benmayor R*, West S*, Buckling A*
'University of Oxford, Zoology, Oxford, United Kingdom

Summary statement:

We show for the first time that intraspecific interference evolves de novo, reducing viral population
growth in multiple infections; with no apparent cost in single infections.

Abstract:

Infections of a single host with multiple parasite genotypes are common in natural populations,
resulting in within-host parasite competition. Such within-host competition can select for a range of
parasite strategies, including increased rates of host exploitation, exploitation of competitors’ public
goods (social cheating) and interference. Although these strategies can dramatically affect the
severity of disease resulting from multiple compared to single genotype infections, empirical data is
lacking and there is often no a priori reason to assume any one strategy (if any) is more or less likely
to evolve. Here, using the bacterium Pseudomonas fluorescens SBW25 as a susceptible host, we
experimentally evolved populations of a virus, lytic bacteriophage ®2, in single and multiple
infections, to determine the evolution, if any, of strategies resulting from within-host competition.
We show for the first time that intraspecific interference evolves de novo, and results in reduced
growth of the viral population under multiple infections; but has no apparent cost under conditions
of single clone infections. These results suggest parasite interference strategies and the resultant
reduction in growth of the total parasite population might be common responses to selection
resulting from within-host competition in natural populations.

helen.leggett@zoo0.0x.ac.uk
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The Interplay between relatedness and horizontal gene transfer drives plasmid evolution
and bacterial virulence

Mc Ginty SE?, Lehmann L*, Brown SP*®, Rankin DJ**

'University of Zurich, Institute of Evolutionary Biology and Environmental Studies, Zurich,
Switzerland, *Swiss Institute of Bioinformatics, Lausanne, Switzerland, U niversity of Neuchatel,
Institute of Biology, Neuchatel, Switzerland, ‘U niversity of Oxford, Department of Zoology, Oxford,
United Kingdom, 5University of Edinburgh, Centre for Immunity, Infection & Evolution, Edinburgh,
United Kingdom

Summary statement:

Using an explicit population genetic approach we highlight the importance of transmission and
relatedness as factors driving the evolution of plasmid-borne cooperation.

Abstract:

Plasmids carry a wide range of genes which are often involved in bacterial social behaviour. The
guestion of why such genes are frequently mobile remains unexplored. Here we use an explicit
population genetic approach to model the evolution of plasmid-borne cooperation and virulence.
Our findings highlight the importance of both transmission and relatedness as factors driving the
evolution of plasmid-borne cooperation and virulence. Transmission promotes cooperation by
converting neighbouring cells into cooperators. As relatedness is measured at the locus of interest,
transmission also increases local relatedness between individuals via infectious plasmid transfer thus
enhancing cooperation through kin selection. We find that cooperation is most successful when
patches are founded by relatively few bacterial individuals and that the relationship between
transmission and relatedness differs dramatically depending on the frequency of the plasmid in the
population. We also examine the dynamics of resistance against plasmid carriage and how this is
affected by the nature of the social traits they carry. Plasmids remain important vectors for the
spread of genes involved in virulence and antibiotic resistance thus an understanding of their
dynamics is highly relevant from a public health perspective.

sorcha.mcginty@ieu.uzh.ch
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African Drosophila melanogaster appear more resistant to Type lll secretion system
cooperative virulence factors of Pseudomonas aeruginosa

McKean KA!
1University at Albany, Biological Sciences, Albany, United States

Summary statement:

The type Il secretion system is a cooperative virulence factor of Pseudomonas aeruginosa and host
defense against this virulence factor is greater in African D. melanogaster.

Abstract:

The adaptive evolution of immune defense involves particular mechanisms of host defense
interacting with specific pathogen virulence factors. The Type Il secretion system (TTSS) is a
virulence factor common to many Gram-negative pathogens. Virulence factors secreted by the TTSS
are often involved in immunosuppression or immunomodulation. Because mutant cells lacking a
TTSS (cheats) may benefit from the immunosuppression of their secreting neighbors, within-host
evolution of mixed populations of secretors and cheats may reflect cooperative dynamics. Using
infections of the ubiquitous Gram-negative pathogen, Pseudomonas aeruginosa, in Drosophila
melanogaster, | show first that the TTSS is important in the expression of pathogen virulence. | then
show that in mixed infections the relative fitness of non-secreting cheats is frequency dependent,
consistent with the expectation of cooperative dynamics. Lastly | show that the relative fitness of the
TTSS cheats varies across fly genotypes and in particular that flies from sub-Saharan Africa appear
more resistant to TTSS virulence factors than ‘cosmopolitan’ flies from outside of Africa. The results
have implications for understanding the specific factors promoting among-population divergence in
patterns of immune defense as well how cooperative dynamics may affect the pathogen host
interaction.

kmckean@albany.edu
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Stress increases disease susceptibility of ant colonies

Stock M*?, Heinze J?, Cremer S*?
'IST Austria (Institute of Science and Technology), Klosterneuburg, Austria, “University of Regensburg,
Regensburg, Germany

Summary statement:

We demonstrate that colony-level investment into dispersal comes at a cost of decreased immune
investment of group members and thus of higher disease susceptibility in ants.

Abstract:

It is well perceived that stress at the level of individual organisms can negatively affect
immunocompetence. We here study social insects to analyse the effect of stress, imposed at the
colony level, on the immunocompetence of individual group members. We use the ant
Cardiocondyla obscurior as our study system, as this socially plastic species reacts to stressful
conditions with the production of winged dispersal males in addition to the typical wingless males
that are always found in the colony (Cremer & Heinze, 2003, Curr Biol). This colony-level investment
into large and costly winged dispersal males is a successful strategy to create daughter colonies
outside the area of deteriorating conditions, similar to stress-induced flowering in plants. However,
this may come at a cost for the maternal colony in its ability to fight diseases. To test this, we
compared the efficiency of workers, queens and wingless males from “stressed” as well as control
colonies of C. obscurior to fight fungal infection with the entomopathogenic fungus Metarhizium
anisopliae. We found that the immunocompetence of colony members was lower in stressed
colonies that produced winged males than in our control colonies. This study provides first insights
into a potential trade-off between investment into dispersal at colony level and immunocompetence
at individual level of the remaining colony members, likely leading to a higher vulnerability of
stressed colonies to epidemics.

miriam.stock@ist.ac.at
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Pathogen detection in ant societies: the first step in cooperative disease defence

Ugelvig LV', Mitteregger B*, Cremer S*
'IST Austria (Institute of Science and Technology Austria), Klosterneuburg, Austria

Summary statement:

We investigate the nature of cues that are important for ants in detecting pathogens and eliciting
cooperative antiseptic behaviours.

Abstract:

Where sociality has evolved among insect taxa, it has proven very successful. One drawback of this
lifestyle is the elevated risk of pathogen transmission among colony members, due to their frequent
and intimate interactions and high genetic relatedness. To counteract this constant threat a whole
suite of cooperative disease defences have evolved. Such cooperative ‘antiseptic behaviours’ —
including allogrooming of pathogen exposed colony members and brood, and removal of diseased
brood from the nest — are thus found in termites, honey bees and ants.

For these behaviours to efficiently impede infection, rapid detection of pathogens and diseased
individuals is indispensable. Studies confirm that healthy nestmates immediately detect pathogens
on experimentally exposed nestmates and react with direct performance of antiseptic behaviours
before an infection has been established. We recently showed, however, that inbred ant colonies
lose their ability to quickly react to incoming pathogens (Ugelvig et al., 2010, Proc Roy Soc Lond B).
This suggests that the ability to detect cues associated with pathogens and diseased brood is affected
by the underlying genetics. Here we investigate which cues are important in detecting pathogens and
eliciting cooperative antiseptic behaviours in ant societies. We focus our analysis on chemical cues
produced by the pathogens themselves and on possible changes in ant’s odour after pathogen
exposure and infection.

line.ugelvig@ist.ac.at
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The protein tyrosine phosphatase gene of the baculovirus AcMNPV induces hypermobile
behavior in Spodoptera exigua larvae

van Houte S*, Hoover K2, Ros VI*, van Oers MM*
'Wageningen University, Laboratory of Virology, Wageningen, Netherlands, *Pennsylvania State
University, Laboratory of Entomology, University Park, PA, United States

Summary statement:

The protein tyrosine phosphatase gene of the baculovirus AcMNPV induces hypermobile behavior in
Spodoptera exigua larvae.

Abstract:

‘Wipfelkrankheit’ or tree top disease is an evolutionary conserved phenomenon observed in
lepidopteran insect larvae upon infection with a baculovirus. Infected host larvae show a behavioral
change, characterized by enhanced mobility and climbing to the top of the plant. These behavioral
changes are thought to be virus-induced, as they increase virus transmission. The genetic basis of this
behavioral manipulation is, as yet, unknown. In our research we show the involvement of the
baculovirus ptp gene, encoding a protein tyrosine phosphatase, in host hypermobility. Spodoptera
exigua larvae show enhanced mobility three days after infection with Autographa californica (Ac)
MNPV. In contrast, a mutant AcMNPV in which the ptp gene was deleted (Aptp), did not induce this
enhanced mobility. With a repair virus, in which the ptp gene was placed back in the Aptp genome,
the mobile phenotype was restored. Currently we are studying a virus that carries a ptp gene
encoding a catalytically inactive enzyme to determine whether the phosphatase activity of the PTP
protein is required for the induction of hypermobility. Substrate analysis of the AcMNPV PTP protein
is currently being performed to get insight in downstream targets of PTP. In addition, PTP localization
studies are performed in larval tissues, to get a better understanding of the mechanism behind ptp-
induced insect mobility.

stineke.vanhoute@wur.nl
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Quantitative real-time PCR detection of the fungal pathogens Metarhizium anisopliae and
Beavaria bassiana in Lasius neglectus

Vyleta M?, Klatt M*, Cremer S
'IST Austria, Evolutionary Biology, Klosterneuburg, Austria

Summary statement:

Determination of pathogen load by quantitative real-time PCR in fungus infected ants

Abstract:

Transmission of parasites in social insect colonies depends on many factors, including pathogen
virulence as well as behavioral, chemical and molecular defenses of the individual hosts. One
important determinant of virulence is parasite load. In order to better understand the mechanisms
underlying immune responses of the invasive garden ant Lasius neglectus to fungal pathogens, a real-
time PCR assay was developed to detect and quantify two generalist fungal pathogens, Metarhizium
anisopliae and Beauveria bassiana, within exposed individuals. By using species-specific primers to
amplify the 18S rRNA gene, pathogen load was calculated by converting copy numbers of fungal DNA
to spore counts based on standard curves of 18s rRNA copies amplified from known quantities of
spores. When paired with analyses of host immune gene expression, this assay provides a sensitive,
guantitative tool for investigating how parasite replication kinetics are linked with infection and
immunity in Lasius neglectus.

meghan.vyleta@ist.ac.at
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The effect of individual experience on hygienic task performance

Westhus C*?, Doums C?, Cremer $*?

1University of Regensburg, Evolution, Behaviour & Genetics, Regensburg, Germany, “Université Pierre
et Marie Curie, Laboratoire Ecologie & Evolution, Paris, France, %|ST Austria (Institute of Science and
Technology), Klosterneuburg, Austria

Summary statement:

We analyze if repeated exposure to larvae treated with fungal spores (Metarhizium anisopliae) leads
to changes in antiseptic behavior of individual Platythyrea punctata workers.

Abstract:

Pathogens strongly impact the survival of social insect colonies, where the transmission of disease is
facilitated by the geographic and genetic proximity between nestmates. Social organisms evolved
anti-pathogen defense mechanisms, hygienic tasks, to acquire resistance at the group level. We use
the clonal ant Platythyrea punctata to examine whether the investment into a hygienic task varies as
a function of individual experience. This parthenogenetically reproducing ant species offers the
opportunity to study the effect of experience on task performance in absence of genetic diversity
among workers. We analyze if repeated exposure to larvae treated with spores of the
entomopathogenic fungus Metarhizium anisopliae leads to changes in antiseptic behavior of
individual workers. Further, we investigate whether experienced workers are more efficient in task-
performance and perform the task when being paired with a naive worker.

claudia.westhus@gmail.com
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Parasitic attack on two mutualistic partners: The evolution of social parasite strategies and
the coevolutionary consequences

Adams RMM"?, Shah K?, Schultz TR?, Brady SG*, Mueller UG*

'University of Copenhagen, Centre for Social Evolution, Department of Biology, Copenhagen,
Denmark, Smithsonian Institution, Department of Entomology, Washington DC, United States,
3University of Texas Health Science Center at San Antonio, San Antonio, United States, *U niversity of
Texas at Austin, Austin, United States

Summary statement:

We examine the fitness impact that a social parasitic ant species has on a mutualistic ant-fungus
network in an evolutionary context using phylogenetics and experimentation.

Abstract:

In the entangled web of species associations, symbiotic interactions can range from mutualistic to
parasitic. Parasites often take advantage of species interactions and attack mutualistic traits,
exploiting the resources exchanged between partners. These complex relations are a fundamental
innovation in evolution, shaping diversity and stabilizing species networks. The ant genus
Megalomyrmex comprises 38 species and at least ten are social parasites of fungus-growing ants
(Tribe: Attini) while the other species are free-living predators. There is a gradation of behavior that
includes lestobiotic parasitism also described as raiding thief ants, agro-predatory associations,
where the parasite usurps the nest and fungus garden, and the most derived, cohabiting xenobiotic
parasitism. Megalomyrmex ants are chemical warriors, dispensing volatile venom alkaloids by waving
their stings as they enter another ant species’ nest as parasites or during competitive interactions. In
the former case, if the host does not allow infiltration, then the parasite will attack and kill.
Infiltration can be accomplished as just described (i.e. chemical weaponry) or through the alteration
of cuticular hydrocarbons (i.e. surface chemistry) using chemical mimicry and/or insignificance. We
examine the impact of Megalomyrmex adamsae ants on a mutualistic network where they exploit
colony resources. This mutualism exploiter attacks both partners, consuming not only the fungus
garden but also host larvae. Further, we consider the parasitic strategies used by the parasites in an
evolutionary context with phylogenetic hypothesis testing, using a phylogeny constructed from five
genes.

radams@bio.ku.dk
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Cooperation (without relatedness, assortment and iterations) in public goods games, from
microbes to terrorists

Archetti M*?
1University of Basel, Faculty of Business and Economics, Basel, Switzerland, ’Harvard University,
Department of Organismic and Evolutionary Biology, Cambridge, United States

Summary statement:

Cooperation. Beyond kin selection, assortment and iterations. Towards economics and the social
sciences.

Abstract:

| will show that in generalised public goods games (not restricted to the N-person prisoner’s
dilemma) in which the public good is a non-linear function of the individual contributions (which is
the case in most social species ranging from bacteria to humans) intermediate levels of cooperation
can be stable in one-shot interactions without assortment, spatial structure, relatedness,
punishment, fairness or other forces that are commonly believed to be necessary to maintain
cooperation. This helps explain cases of cooperation in one-shot random interactions among non-kin,
some apparently puzzling observations in microbes and the frequency of suicide terrorist attacks in
recent conflicts. It also allows to go beyond the current debates on cooperation in evolutionary
biology. A prescriptive approach to the study of cooperation is possible: we can devise practical ways
to improve the production of public goods in social dilemmas without invoking assortment,
relatedness, punishment or repeated interactions. This has implications in economics and in the
social sciences.

marco.archetti@unibas.ch
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Gut microbiota of the forest cockchafer (Melolontha hippocastani)

Arias Cordero E', Ping L*, Delb H?, Reichwald K>, Platze M?, Boland W*

"Max Planck Institute for Chemical Ecology, Bioorganic Chemistry, Jena, Germany, ’Forstliche
Versuchs- und Forschungsanstalt Baden-Wiirttemberg, Freiburg, Germany, >Leibniz-Institut fiir
Altersforschung - Fritz-Lipmann-Institut e.V., Jena, Germany

Summary statement:

This study allowed a deep insight of the microbiota inhabiting the gut of M. hippocastani; basis for a
future identification of the bacterial species key for the insect fitness.

Abstract:

The forest cockchafer (Melolontha hippocastani) is a pest in European forests. Larvae live in soil and
feed on plant roots and organic matter. Microbiota in gut help the insect to digest its food. To gain
knowledge about the identity, function and transmission of the bacterial species present in different
compartments of the insect alimentary canal, insects of different ages collected in the state of
Baden-Wiirttemberg were analyzed. Bacteria living in the mid- and hindgut of grubs and adults were
cultivated, and in a culture-independent approach, metagenomic libraries were constructed. Among
the species cultivated, five were isolated from the midgut, two from both mid- and hindgut, and one
from the hindgut. In our metagenomic libraries, ~50% of the sequences represent low abundant
species. 16 operational taxonomic units (OTUs) were found in different samples. The localization of 9
OTUs was further analyzed by fluorescence in situ hybridization (FISH) carried out on the guts of
larvae and both female and male beetles. Some species, including Sediminibacterium, were present
in the gut lumen, principally on food aggregates. Others such as Clostridiaceae and
Desulfovibrionaceae were found on the gut epithelium. The bacterial community in the hindgut lobe
was studied using scanning electron (SEM) and transmission electron (TEM) microscopy. The former
showed bacteria in a sophisticated multilayered arrangement, whereas TEM showed bacteria tightly
attaching to the surface. Interestingly, a pair of novel structures of unknown function was found at
the end of the hindgut enlargement, TEM revealed bacteria present in the intercellular spaces in this
tissue.

eariascordero@ice.mpg.de
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Expression of the glycosyltransferase B4gaint2 influences the intestinal microbiota in
house mice

Baines JF*?, Staubach F°, Biackhed F*, Johnsen JM®

YInstitute for Experimental Medicine / Christian-Albrechts-University of Kiel, Evolutionary Genomics,
Kiel, Germany, ’Max Planck Institut for Evolutionary Biology, PI6n, Germany, 3Stanford University,
Department of Biology, Stanford, United States, “University of Gothenburg, Department of Molecular
and Clinical Medicine, Sahlgrenska Center for Cardiovascular and Metabolic Research/Wallenberg
Laboratory, Gothenburg, Sweden, >Research Institute, Puget Sound Blood Center / University of
Washington, Department of Medicine, Seattle, United States

Summary statement:

Bacterial metagenomic analysis reveals that the glycosyltransferase gene B4galnt2 significantly
influences resident microbial communities in the gastrointestinal tract.

Abstract:

Glycans on mucosal surfaces play an important role in host-microbe interactions. The locus encoding
the glycosyltransferase B-1,4-N-acetylgalactosaminyltransferase 2 (B4galnt2) is subject to strong
selective forces in natural house mouse populations which contain a common allelic variant which
specifically turns off gene expression in bowel. We reasoned that altered glycan-dependent intestinal
host-microbe interactions may underlie these signatures of selection. To determine if B4galnt2
influences the intestinal microbial ecology, we profiled wild type and B4galnt2-deficient siblings
throughout the Gl tract using 16S rRNA gene pyrosequencing. This revealed both distinct
communities at different anatomic sites and significant changes in composition with respect to
genotype, indicating a role for B4galnt2 in host-microbial homeostasis. Interestingly, in contrast to
other glycosyltransferases, Bdgalnt2 expression is not dependent on presence of the microbiota. Our
data suggest that variation in B4galnt2 gastrointestinal expression affects fitness in natural
populations, likely by altering susceptibility to gastrointestinal disease, such as infectious
gastroenteritis.

j-baines@iem.uni-kiel.de
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Fungus agriculture and sociality in ambrosia beetles

Biedermann PHW®, Taborsky M
1University of Bern, Institute of Ecology & Evolution, Bern, Switzerland

Summary statement:

In the first study of ambrosia beetles fungiculture within their tunnel-systems we show that their
sociality probably evolves in close association with the beetle-fungus symbiosis.

Abstract:

Fungiculture in insects is known from attine ants, macrotermitine termites and ambrosia beetles. The
first two groups are eusocial and exhibit some of the most highly developed social organizations
known among all organisms. In contrast, the social organization of ambrosia beetles is largely
unknown. Adult female offspring in xyleborine ambrosia beetles delay dispersal from their natal nest,
during which period they often engage in various brood care and fungus maintenance tasks.
Dispersing females transmit spores of mutualistic ambrosia fungi (Ascomycetes) in special organs
from the natal gallery to their new nest. These transmitted fungi usually dominate the microbial
complex within the galleries. Our experiments show that adult females induce growth of the
mutualistic fungus that is characterized by massive fruiting structures (sporodochia). These fruiting
bodies seem to be an essential component of beetle nutrition. Our data suggest that an important
function of delayed dispersal of adult females from their natal nest might be improved growth
conditions of their ambrosia fungus creating potential for indirect fitness gains of philopatric females
by an increase in sibling production.

peter.biedermann@iee.unibe.ch
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Genome-wide pattern of polymorphism in the model legume Medicago truncatula and its
associated rhizhobial symbionts

Branca A'?, Paape T, Zhou P?, Briskine R*, Farmer AD’, Mudge J?, Arvind BK>, Gentzbittel L°,
Sadowsky MJ’, Ronfort J?, Bataillon T°, Young ND?, Tiffin P*

'Westfilische Wilhelms-Universitit, Institute for Evolution and Biodiversity, Miinster, Germany, 2University of
Minnesota, Department of Plant Biology, Saint-Paul, United States, 3University of Minnesota, Department of
Plant Pathology, Saint-Paul, United States, 4University of Minnesota, Department of Computer Science and
Engineering, Minneapolis, United States, >National Center for Genome Resources, Santa-Fe, United States,
®Université de Toulouse, Laboratoire Symbiose et Pathologie des Plantes, Castanet-Tolosan, France, 7University
of Minnesota, Department of Soil, Water, and Climate, Saint-Paul, United States, INRA Montpellier, UMR
AGAP, Mauguio, France, °Aarhus University, Bioinformatics Research Center & Institute of Biology, Aarhus,
Denmark

Summary statement:

We studied genome-wide polymorphism of both partners in the mutualist interaction between the
legume Medicago truncatula and nitrogen-fixator bacteria of genus Sinorhizobium.

Abstract:

Medicago truncatula is a model for investigating legume genetics, especially the genetics and
evolution of legume-rhizobia symbiosis. Bacterial rhizobial symbionts have the capacity to fix the
nitrogen from the atmosphere and provide it to the plant, within a specific structure of the root
called nodule. In exchange, the plant provides essential nutrients to the bacteria. Genome evolution
of both mutualistic partners is highly impacted through genotype-by-genotype interactions. First, we
sequenced the whole genome of a diverse collection of 26 M. truncatula accessions to identify and
characterize sequence polymorphisms and linkage disequilibrium. More than 3,000,000 SNPs were
detected, of which approximately half are present in more than one accession. This polymorphism is
a valuable resource and can be utilized genome-wide association study of genes responsible for
phenotypic diversity in legumes, especially traits associated with symbiosis and nodulation. Among
putative coding regions, members of four gene families harbour significantly higher diversity than the
genome-wide average. Three of these families are known to be involved in resistance against
pathogens. One of these, the Nodule-specific Cysteine Rich (NCR) gene family, is specific to the
galegoid legumes and involved with control of rhizobia symbionts. Second, the complete genomes of
Sinorhizobium symbionts, 12 strains of Sinorhizobium medicae and 24 strains of S. meliloti, were
sequenced to identify genes under selection pressure related to symbiosis success. Our work
provides new insights on the genome-wide effect of genotype-by-genotype interactions in legume-
rhizobia symbiosis.
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Costs of nucleotide synthesis, size and copy number of plasmids as model endosymbionts

Dietel A-K*, Merker H', Kaltenpoth M*, Kost C*
'Max Planck Institute for Chemical Ecology, Jena, Germany

Summary statement:

The interaction between bacteria and plasmids differing in their metabolic costs of nucleotide
synthesis serve as model system to study the evolutionary ecology of endosymbionts.

Abstract:

The interaction between bacteria and their plasmids resembles the relation of endosymbionts and
their hosts in many regards. Both plasmids and endosymbionts can confer benefits to their host, but
may also incur a cost. Due to their experimental amenable plasmids are an ideal model to study the
evolutionary ecology of endosymbionts. A common feature of endosymbiotic organisms is the
reduction of genome size compared to their free-living relatives due to minor selection pressure on
genes, which are dispensable in the intracellular environment.

In this project, the special genome features will be assigned on the plasmid-host system. Therefore,
fitness experiments between plasmid containing Escherichia coli strains will be carried out. The
strains will differ in plasmid copy number and plasmid size of the plasmid. By using specific
fluorescently labeled probes for tagging the plasmid, gPCR and flow-cytometrical measurements
enables us to measure the cost for plasmid replication on a single—cell level. The results of fitness
experiments in which different cells are compared with respect to plasmids as model endosymbionts
are discussed.

adietel@ice.mpg.de
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Are the Quaternary histories of mutualistic partners interrelated?

Espindola A2, Carstens BC®, Alvarez N*
1University of Lausanne, Department of Ecology and Evolution, Lausanne, Switzerland, 2University of
Neuchatel, Neuchatel, Switzerland, *Louisiana State University, Baton Rouge, United States

Summary statement:

Based on the study of an obligate nursery pollination mutualism, we show that interactions not only
drive ecological adaptations but can also shape the histories of its partners.

Abstract:

The coevolutionary theory predicts that interacting species should present similar histories,
especially if interactions are specific and obligate. In spite of this, little is known about the effect of
ecological interactions on the phylogeographic patterns of interacting organisms.

To investigate this, we use the mutualistic nursery pollination system formed by the Eurasian arctic-
alpine species Trollius europaeus L. and its specific pollinators in the genus Chiastocheta Pokorny as a
case study. Here, the plant is visited and pollinated exclusively by the flies, whose larvae feed
specifically on the plant seeds. Because this system comprises a low number of interacting species, it
is highly appropriate to test the effect of interactions in a simple comparative phylogeography
framework.

Based on a large-scale sampling of both plants and pollinators, we first infer the phylogeographic
history of the plant, and further compare it with that of each of its partners. By applying a
comparative approach in a coalescent framework, we ask whether or not the phylogeographic
patterns of the flies are significantly different of what would be expected under a scenario of plant-
insect congruence.

Our results demonstrate that the plant presents four spatially structured genetic groups and that the
phylogeographic pattern of the flies vary. While Chiastocheta lophota’s is largely explained by
geography, the phylogeographic pattern of C. dentifera does not differ of what would be expected if
it had evolved under a scenario guided by the plant.

Our results thus demonstrate that interacting species present not only ecological adaptations, but
can also share historical traits.

mariaanahi.espindola@unil.ch
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The role of the innate immune system of the ant Camponotus floridanus in regulation and
maintenance of its endosymbiont Blochmannia

Feldhaar H*, Ratzka C?, Gross R®
'University of Osnabrueck, Behavioural Biology, Osnabrueck, Germany, *University of Wuerzburg,
Dep. of Microbiology, Wuerzburg, Germany

Summary statement:

The immune system of Camponotus ants plays a role in containing its endosymbiont Blochmannia
within the midgut cells and may also play a role in regulating endosymbiont number.

Abstract:

Numerous insect species harbour mutualistic endosymbiontic bacteria. Insect hosts face the problem
of having to maintain such mutualistic bacteria while staging an immune response towards
pathogens upon infection. Camponotus floridanus ants harbour the obligate endosymbiont
Blochmannia floridanus in specialized midgut cells and ovaries. During the holometabolous life cycle
of the ant hosts the distribution of bacteriocytes and of Blochmannia endosymbionts is remarkably
dynamic. The proportion of cells of the midgut harbouring Blochmannia increases strongly during
host ontogeny and peaks in late pupal stages, where the entire midgut is transformed into a
symbiotic organ. After eclosion of workers the symbiosis degenerates as bacterial numbers decreases
with age of workers.

We identified genes transcriptionally induced in response to septic injury by suppression subtractive
hybridization. Among these were genes involved in pathogen recognition, signal transduction,
antimicrobial activity, or general stress response. A quantitative analysis of immune gene expression
revealed different expression kinetics of individual factors and characteristic expression profiles after
injection of gram-negative and gram-positive bacteria. B. floridanus injected into the hemocoel
elicited a comparable immune response of its host C. floridanus. Furthermore, in untreated hosts
some immune genes displayed distinct expression patterns according to developmental stage and
tissue. Thus, the host’s immune system may prevent colonization of tissues other than the
bacteriocytes by Blochmannia and may also play a role in the regulation of the number of bacteria
present within bacteriocytes.

feldhaar@biologie.uni-osnabrueck.de
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The mutualistic relationship between environmentally-acquired bacteria and three broad-
headed bug species

Garcia JRY, Trincot C?, Gerardo NM*
'Emory University, Department of Biology, Atlanta, United States, *Indiana University, Bloomington,
United States

Summary statement:

A bacterial gut symbiont provides positive fitness effects to three stinkbugs species.

Abstract:

Many insects have long-term associations with bacterial symbionts. Recently a number of
taxonomically diverse stinkbugs have been found to harbor bacterial symbionts within their midguts.
Although this stinkbug-symbiont association is widespread, the fitness effect of the association on
the host has only begun to be explored. We screened three previously unstudied stinkbugs, Alydus
eurinus, Alydus pilosulus, and a Megalotomus sp., for the presence of symbionts. We dissected the
midguts from wild-caught bugs and found each species harbored symbionts identified as
Burkholderia species closely related to other free-living and stinkbug-associated Burkholderia. We
also found a colored bacteriome in each species that harbors an unidentified bacterial symbiont. In
order to test the fitness effects and transmission route of the Burkholderia symbiont, we reared each
host species in the laboratory either with soil collected from the bugs’ natural habitat, with sterile
soil, or without soil. We found that hosts raised with sterile soil or without soil do not harbor
Burkholderia as adults while most raised with soil do. Stinkbugs without symbionts weighed less,
were shorter and thinner, and had a shorter lifespan than their conspecifics that harbored
Burkholderia symbionts. We conclude that the Burkholderia symbiont is a mutualistic symbiont of all
three stinkbugs species and that host stinkbugs acquire these symbionts through the environment,
likely shortly after hatching. We will also report on the effect of Burkholderia on host hatching rate,
development rate, mating ability, and fecundity and the identity of the bacteriome-associated
symbiont.

justinehall505@gmail.com
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First record of the Acarinarium on bees of the family Andrenidae (Insecta; Hymenoptera)

Hajiganbar H'
'Tarbiat Modares University, Entomology, Tehran, Iran, Islamic Republic of

Summary statement:

A kind of Acarinarium, structures for dispersal of mutualistic mites resulted from coevolutionary
interactions, is recorded on bees of the family Andrenidae for the first time.

Abstract:

Interspecific interactions can exert the evolution of morphology and life history. Some groups of the
insects (most frequently wasps and bees with social and subsocial behaviors) may have specialized
pocket-like structures, Acarinaria, on their body in order to transferring the beneficial mites into
nests. Such structures usually evolve as a result of two-sided coevolutionary interactions between
mites and their hosts and are usually referred as evidence for mutualistic relationships. During study
of the heterostigmatic mites (Acari; Prostigmata; Heterostigmatina) associated with insects in some
regions of Iran, | found the mites of the genus Imparipes (Scutacaridae) phoretic and harbored in
axillar acarinaria of its host bee, Andrena (Melandrena) morio Brulle (Hym.;Andrenidae). This is first
record of the Acarinarium in bees of the family Andrenidae, and also first record of Acarinarium for
being used to transfer mites of the family Scutacaridae.

hajiganbar@modares.ac.ir
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Imprecise host sanctions in the fig tree — fig wasp mutualism enable free-riding of
uncooperative pollinators

Jandér KC*, Herre EA%, Simms EL®

'Cornell University, Neurobiology and Behavior, Ithaca, United States, ’Smithsonian Tropical
Research Institute, Panama City, Panama, U niversity of California, Berkeley, Integrative Biology,
Berkeley, United States

Summary statement:

Mutualisms are vulnerable to cheating. Sanctions by Ficus nymphaefolia reduce the fitness of non-
pollinating wasps, but are less effective when multiple wasps share a fig.

Abstract:

Mutualisms are of fundamental ecological importance. Most plants and animals are dependent on
cooperative symbionts, yet it is poorly known how these symbionts can be prevented from turning
into parasites. What prevents one partner from reaping the benefits of the interaction without
paying the costs? Recent studies of several mutualistic systems have documented host sanctions that
lower the fitness of uncooperative symbionts. But how precise are these sanctions? Can some
cheating symbionts avoid host sanctions by free-riding on other symbionts’ good behaviour, or have
hosts evolved sanctions that are precise enough to target every symbiont individually?

In the mutualism between fig trees and their pollinating fig wasps, both partners are dependent on
the other for reproductive success. In general, each species of fig has its own species of pollinating fig
wasp. We have previously shown that fig trees can impose sanctions that reduce the fitness of non-
pollinating wasps, and that these sanctions vary in strength across species. We have further shown
that some wasp individuals in the supposedly mutualistic wasp species do not pollinate, and that
these non-pollinating wasps are more common in fig species with weak sanctions. Using a
combination of field experiments and molecular tools, we here investigate the level of precision of
host sanctions: do sanctions operate on the level of individual flowers within a fig, or on the level of
the entire fig fruit? Our data from Ficus nymphaefolia show that sanctions operate on the fig level,
which enable non-pollinators to evade sanctions in figs shared by multiple wasps.

kcjd@cornell.edu
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Beewolves’ bodyguards: Production dynamics and activity of symbiont-produced
antibiotics on wasp cocoons

Koehler S*, KroiR J*, Hertweck C?, Kaltenpoth M*

"Max-Planck Institute for Chemical Ecology, Research Group Insect Symbiosis, Jena, Germany,
?Leibniz Institute for Natural Product Research and Infection Biology, (Hans-Knoell-Institute), Jena,
Germany

Summary statement:

Dynamics and activity of symbiont-produces antibiotic substances in the defensive beewolf —
Streptomyces symbiosis.

Abstract:

The European beewolf, Philanthus triangulum (Hymenoptera: Crabronidae), engages in a highly
specific symbiosis with bacteria of the genus Streptomyces. Females cultivate endosymbiotic bacteria
in specialized antennal gland reservoirs and secrete them into their brood cells prior to oviposition.
Later, the symbionts are taken up by the larva and applied to the cocoon walls, where they serve as a
protection against fungal infestation by producing at least nine different antibiotics.

To investigate the dynamics of antibiotic production during beewolf development, the number of
Streptomyces cells and the amount of antibiotics was quantified for different time points after
cocoon spinning using qPCR and HPLC-MS. The Streptomyces population size remained relatively
constant over time. By contrast, the chemical analyses revealed a significant change in the amount of
antibiotics, with a strong increase of antibiotics within the first week after cocoon-spinning, and a
slow subsequent decrease.

We used agar-diffunsion bioassays to test several fungal and bacterial strains against the antibiotics
provided by Streptomyces on the cocoon surface. The results show a strong inhibition for all tested
microbes, suggesting that beewolf symbionts use a ‘combination prophylaxis™ against a wide
spectrum of pathogens. Inhibition assays with different combinations of the three major antibiotic
compounds will shed light on possible synergistic effects of the substances against various fungal
strains. Such synergy might lead to a higher efficacy against specific pathogens and/or an efficient
defense against a broader spectrum of microorganisms.

skoehler@ice.mpg.de
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Attine ants: Farmers or livestock? New molecular insight into a complex ant-fungus
mutualism

Kooij PW', Boomsma JJ%, Schigtt M*
'University of Copenhagen, Centre for Social Evolution, Department of Biology, Copenhagen,
Denmark

Summary statement:

Fungal symbionts use the leaf-cutting ants as a transportation device for providing substrate and for
reallocation of enzymes in the fungus garden.

Abstract:

Research on the mutualism between fungus-growing ants and their symbionts normally views the
ants as farmers and the fungi as crops. However, there is growing evidence suggesting that the
fungus is actually using the ants as a live transportation device for providing substrate and
transporting fungal enzymes to the new leaf material that the ants add to their fungus gardens. The
ants manure gardens with their own fecal fluid, which is packed with fungal enzymes for the
biodegradation of the leaf pulp that the ants deliver. Recent studies have shown that fungal
pectinases in the fecal fluid serve complex adaptive functions in the symbiosis. The genes coding for
these enzymes appear to be overexpressed in the gongylidia, the swollen hyphal tip structures on
which the ants feed, which is consistent with a co-adaptation interpretation of these results. Here we
show that also all endopeptidase activity in the fecal fluid of the leaf-cutting ant Acromyrmex
echinatior has a fungal origin, and we were able to characterize the genes encoding these
endopeptidases by using a partially sequenced genome of the fungal symbiont Leucocoprinus
gongylophorus. Quantitative real time PCR showed that also these genes are overexpressed in the
fungal gongylidia. Our results corroborate the idea that the ant-fungus symbiosis is an advanced
mutualistic interaction in which partners have highly integrated complementary roles, including
considerable manipulative control by the fungal symbiont.

pkooij@bio.ku.dk
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Impact of symbionts on immunity in the pea aphid, Acyrthosiphon pisum

Laughton A', Gerardo N*
'Emory University, Biology Department, Atlanta, United States

Summary statement:

Pea aphids, which maintain symbionts, have a reduced immune response. Consequences of this on
their ability to respond to varying ecological conditions are investigated.

Abstract:

The innate immune system of insects provides effective defence against a range of parasites and
pathogens. The pea aphid, Acyrthosiphon pisum, is a novel study system for investigating host-
parasite interactions due to its complex associations with both well-characterised bacterial
symbionts and a diversity of pathogens and parasites. However, to date, little is known about the
aphid’s immune capacity, and how it is able to differentiate between beneficial symbiotic, versus
harmful pathogenic bacteria.

Here we present recent work profiling the cellular immune responses in the pea aphid. Our findings
indicate that pea aphids have a greatly reduced or altered immune system. One hypothesis for this
reduction in immune capacity is to allow for the symbiotic relationships that exist between the aphid
and bacteria to be established. Pea aphids maintain a vertically transmitted obligate symbiont,
Buchnera aphidicola, but may acquire additional secondary bacterial symbionts via both vertical and
horizontal transmission. We continue our work to show that these secondary symbionts exhibit a
range of behaviours and population dynamics within their aphid hosts, and discuss the impact that
secondary symbionts can have on host immunity under varying ecological conditions. Given the
universal prevalence of host-symbiont relationships in nature, investigating the dynamics of the host
immune system is a vital step towards understanding the delicate balance required to maintain such
interactions.

alice.laughton@emory.edu
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Social parasites protect the nests of their social-wasp hosts from predators: Parasites or
mutualists?

Lorenzi MC', Thompson JN?
'University of Turin, Dept. of Animal and Human Biology, Turin, Italy, *University of California at Santa
Cruz, Dept. of Ecology and Evolutionary Biology, Santa Cruz, United States

Summary statement:

A longitudinal study in social wasps suggests that a mutualistic interaction can appear between two
species linked by a host-parasite relationship under high predation pressure.

Abstract:

Social parasites are brood parasites of social insect colonies and integrate permanently into the
colonies of their hosts. Host and parasites evolve reciprocal traits of virulence and resistance along
population-specific trajectories. These trajectories may be shaped not only by differences in the
physical environments in which the species are coevolving but also by geographic differences in
interactions with other species. Here, we show that host and parasite interactions differ among
populations depending on the reciprocal selection of hosts and obligate social parasites and by
additional selection that predators place on host colonies. Longitudinal data on annual colonies of
Polistes wasps from four geographically distinct host populations show that the fitness costs of
parasitism to the host foundresses are very high. However, where predator pressure on host nests is
high, parasite presence can increase nest survival relative to non-parasitized colonies. These results
suggest that a mutualistic, or reduced antagonistic, interaction can occur between hosts and
parasites where predation pressure is high.

cristina.lorenzi@unito.it
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Horizontal transfer of facultative symbionts in aphids and the fitness consequences of
infection in novel hosts

Lukasik P!, Guo H"?, van Asch M", Ferrari J**, Godfray C*

'University of Oxford, Department of Zoology, Oxford, United Kingdom, *Jiangsu Academy of
Agricultural Sciences, Institute of Plant Protection, Nanjing, China, 3University of York, Department of
Biology, York, United Kingdom

Summary statement:

Facultative symbionts can be transferred between aphid clones and species. Novel symbionts in grain
aphids do not generally incur fitness costs, and can provide important benefits.

Abstract:

Facultative endosymbionts of aphids can have important effects on the life history traits of their
hosts. Phylogenetic and experimental studies have shown that the symbionts are capable of
transferring to, and establishing successfully in, novel hosts, including those distantly related to their
original hosts, and that the beneficial effects of infection can be expressed in novel hosts. However,
there is limited understanding of symbiont specificity, of how the relatedness between the original
and novel hosts affects the probability of successful symbiont transmission, and of the fitness
consequences of novel infections.

We introduced eighteen strains of endosymbionts originating from five aphid species into two clonal
genotypes of the grain aphid, Sitobion avenae. We measured the effects of the novel symbionts on
aphid fecundity and resistance to natural enemies. Most novel symbiont strains formed stable
infections, but strains originating from more distantly related donor aphids tended to establish less
easily. Once established, most symbionts had no effect on aphid fecundity, regardless of their origin.
Surprisingly, none of the strains protected grain aphids against parasitoids - an effect which is found
commonly in pea aphid Hamiltonella - although some provided protection against a pathogenic
fungus.

Our data indicate the presence of barriers to symbiont transmission, while suggesting that a strain
which succeeds in establishing in a novel host may well persist and spread in a host population.
These results support the view of aphid secondary symbionts as a eukaryote horizontal gene pool.

p.lukasik@gmail.com
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Pollen flow mediated by different insect groups in generalized plant-pollinator system

Lysenkov SN*
"Moscow State University, Biological Faculty, Biological Evolution Dept., Moscow, Russian Federation

Summary statement:

Insect behavior influences pollen flow even in generalized plant-pollinator systems. Movement
patterns of major insect pollinator groups were studied.

Abstract:

Patterns of behavior of different insect taxa, can influence pollen flow even in the generalized plant-
pollinator systems. The temperate zone with little amount of specialized insect-pollinated plants and
pollinators is a good place for studying these differences. So we investigated behavior of different
groups of insects (hoverflies, Muscoid flies, beetles, butterflies and bees) foraging at generalist plants
(mostly Asteraceae, Apiaceae and Geraniaceae) in Central Russia.

Even plant patches divided by several meters can have different pollinator set because most of insect
species prefer visit denser plant patches but some others - sparser. These findings mean that the
pool of pollen which can participate in pollination of different individuals of the same species
depends on local density of the patch in which they grow.

Within one patch most of pollinators fly in the following manner: they visit blossoms within small
area (usually near 4 mean distances between these object in the patch) and then move to another
such area. Such behavior must put an additional constraint on pollen flow within a plant population.
Beetles and butterflies don’t show such behavior. The former also significantly more often make very
long flights between successive visits. But because of small pollen load butterflies hardly can be good
long-distance pollen vectors in spite of small flight distance. On the contrary, social bees can also be
good long-distance pollen vectors because of great pollen load in spite of small mean flight distances.
The relative roles of different pollinator groups in pollen flow still need a further research.

s_lysenkov@mail.ru
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The importance of transmission mode in conflict resolution: insights from an ant-plant
mutualism

Malé P-JG', Leroy C?, Dejean A%, Quilichini A*?, Orivel J**
1University Toulouse IlI, France, Lab EDB, Toulouse, France, ’°CNRS, UMR EcoFoG, Kourou, French
Guiana

Summary statement:

The stability of an ant-plant mutualism is enhanced by partner fidelity feedback, which minimizes the
negative consequences of parasitic castration exerted by the ant symbionts.

Abstract:

In theory, mutualisms are intrinsically unstable and every mutualist should become a cheater.
However, mutualisms are ubiquitous and of major importance in ecosystems. This observation
suggests the existence of “control mechanisms” that enhance the maintenance of such relationships.
We focused on the highly specific and obligatory association between the neotropical plant Hirtella
physophora and the ants Allomerus decemarticulatus. We demonstrated that H. physophora is
subjected to a trade-off between its reproduction and its vegetative growth. Since the resources that
the plant invests in its reproduction are supposed to be completely unavailable to the ants, theory
predicts that ants should prevent their host plant to reproduce, thus getting more living space.
Indeed, we demonstrated that ants manipulate the plant reproduction but contrary to what theory
predicts, they do not destroy all of the floral buds.

This contradiction can be explained by the “local transmission” hypothesis, as the quantification of
the dispersion distances of both the partners highlighted comparable population genetic structures.
Such short and similar dispersion distances suggest that the reproduction of one partner depends on
the reproduction of the other.

Altogether, these results demonstrate that the consequences of the conflict between A.
decemarticulatus and H. physophora on the plant reproduction are partially contained by a control
mechanism known as “partner fidelity feedback”. This control mechanism results in the
interdependence of the partners’ reproductive successes and enhances the stability of the
association.

pjmale@cict.fr
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On the origin of mutualism: interspecific cooperation favored by spatial structure?

Merker H!, Pande S*, Kost C*
'Max Planck Institute for Chemical Ecology, Department of Bioorganic Chemistry, Jena, Germany

Summary statement:

The influence of spatial structure on the origination of interspecific mutualism based on exchange of
metabolites is validated in an experimental evolution approach.

Abstract:

Mutualisms are ubiquitous in all ecosystems and were profoundly influential in shaping ecosystems.
Mutualism are cooperative interactions between two individuals to the benefit of both (+/+) and are
found between individuals of the same species but also between individuals of different species (e.g.
plant-pollinator-interaction). Since these benefits are often costly to the producer, evolutionary
theory predicts that selection should favor strategies that reap the mutualistic benefits without
providing commodities to the partner species (i.e. cheating). Solving this paradox, which is commonly
referred to as the ‘tragedy of the commons’, is a pre-requisite for explaining the origin of mutualisms
and a major challenge for evolutionary biology.

Several ecological factors have been suggested to assist the origin of cooperation as transmission
mode of the partners, genetic diversity as well as spatial structure. In this study we tested if spatially
structured environment facilitates the evolution of cooperation. For that purpose, we created a
synthetic by-product mutualism between Escherichia coli and Pseudomonas fluorescence based on
the exchange of essential, into the medium excreted metabolites. This was achieved by producing
specific auxotrophic strains which were complemented in co-culture experiments by the respective
partner. In a long term experimental evolution approach the partners were grown for several
generations either under conditions with spatial structure (solid medium) or without (liquid
medium). In a first step, we analyzed whether true cooperation evolved by measuring fitness of the
bacteria and benefits and costs of the newly evolved interaction.

hmerker@ice.mpg.de
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The impact of mutualistic Wolbachia on manipulating Drosophila development, sexual
behavior and infectious speciation

Miller W', Schneider D*, Enrman L*
"Medical University of Vienna, Center of Anatomy and Cell Biology, Vienna, Austria, Purchase
College, State University of New York, Division of Natural Sciences, Purchase, United States

Summary statement:

Wolbachia can switch easily from obligate mutualism to reproductive parasitism by affecting host
fitness and sexual behavior and thereby fostering incipient host speciation.

Abstract:

The Drosophila paulistorum species complex serves a well-studied model system for evaluating the
impact of symbiosis on host speciation since they evolve rapidly and comprise an ancestral, but
highly dynamic, reservoir of microbial symbionts. Theory and some experimental evidence suggest
that in evolutionary long-term host-symbiont interactions, reproductive parasites might evolve a
more benign lifestyle towards mutualism, manipulate sexual mating behavior, and foster host
speciation. However, it is an ongoing debate as to whether or not microbial symbionts are capable of
driving host speciation in nature and if so, to what extent. Prime candidates are Wolbachia,
inherited, endosymbiotic bacteria of many arthropods, presently attracting attention as potential
biocontrol agents since they affect host reproductive biology.

Here we will document that all D. paulistorum semispecies harbor conspecific but distinctive
Wolbachia strains that provide significant fitness benefits such as viability and fecundity to their
natural hosts. In semispecies hybrids, however, these naturally obligate mutualists turn into
pathogens, triggering embryonic lethality and male sterility. Besides their impact on post-mating
isolation, we show that in their native D. paulistorum hosts Wolbachia manipulate sexual behavior by
triggering pre-mating isolation via selective mate avoidance, i.e. avoiding mates harboring another,
incompatible symbiont variant. Our study reveals that endosymbionts can co-evolve rapidly with
their native hosts and play a significant role in host physiology, pheromone expression and sexual
behavior, thereby they are capable of driving natural host speciation.

wolfgang.miller@meduniwien.ac.at
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Consequences for hosts of symbiont population structure

Moran NA'
'Yale University, Ecology and Evolutionary Biology, West Haven, United States

Summary statement:

Insect symbioses with bacteria serve many beneficial functions, but have different long-term
consequences for hosts, depending on the population structure of the bacteria.

Abstract:

Insects are diverse and use a great variety of terrestrial and fresh water niches, where they
encounter many different challenges, including nutritional limitations, threats from various natural
enemies, and extreme abiotic conditions. As a group, Bacteria possess many genes and pathways
that can help insects to overcome environmental challenges. Thus, it is not so surprising that
mutualistic associations between insects and bacteria are extremely widespread. Genomic
approaches have revealed many details of these associations in sap-feeding insects such as aphids,
revealing mechanisms by which bacterial symbionts assist with host nutrition or with defense against
natural enemies. Sequence-based studies have also revealed that genomes of insect symbionts often
exhibit signs of degradation and reduction. In fact, the most reduced of all known bacterial genomes
are those of insect symbionts, and proteins encoded by the retained genes are predicted to be
unstable. At the same time, some bacterial symbionts coevolve with insect hosts without undergoing
genome reduction and degradation. These differences can be correlated to the mode of transmission
of the symbiont and the imposition of strict clonality in some symbiont lineages and not others. In
turn, differences in symbiont life cycles can have long-term consequences for the hosts that evolve
dependence on symbiotic partners.

nancy.moran@yale.edu
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Dos and Don’ts of elucidating evolution in host-microbe mutualisms

Mueller UG
1University of Texas at Austin, Integrative Biology, Austin, United States

Summary statement:

| review strengths and limits of research tools to elucidate host-microbe evolution, drawing largely
on examples from the attine ant-microbe symbiosis

Abstract:

Host-microbe research faces unique challenges when elucidating evolution and ecology. For
example, the roles of symbiotic microbes are diverse and context-dependent, or the roles change
rapidly over evolutionary time; strongly interacting host-microbe associations are sometimes difficult
to distinguish from unimportant transient associations, and strong interaction can not readily be
inferred from microbe abundance; strongly-interacting hosts and microbes often lack the footprints
of evolutionary modification that would implicate co-evolutionary interplay; and in-vivo conditions
are generally vastly different from the in-vitro conditions used to test microbial function. | review the
strengths and limits of the available research tools used to elucidate host-microbe interactions,
drawing largely on examples from the attine ant-microbe symbiosis that channeled that particular
field into unproductive research directions. | will try to conclude with some guidelines to prevent
overextension of the research tools, such as co-phylogenetic, functional, genomic, metagenomic, and
16S-amplicon 454-sequencing analyses.

umueller@mail.utexas.edu
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Genome sequence of the defensive beewolf symbiont “Ca. Streptomyces philanthi’

Nechitaylo T*, Weiss RB?, Dunn DM?, Dale C, Kaltenpoth M*

"Max Planck Institute for Chemical Ecology, Research Group Insect Symbiosis, Jena, Germany,
2University of Utah, Department of Human Genetics, Salt Lake City, United States, 3University of
Utah, Department of Biology, Salt Lake City, United States

Summary statement:

Genome sequencing of ‘Ca. Streptomyces philanthi” aims to access its genetic traits, evolutionary
trajectory and to decipher pathways responsible for the production of antibiotics.

Abstract:

‘Candidatus Streptomyces philanthi” is so far the only known representative of the genus
Streptomyces that is intimately associated with an insect host, the European beewolf Philanthus
triangulum (Hymenoptera, Crabronidae). These bacteria populate specialized antennal gland
reservoirs of female wasps and are transferred to the surface of the larval cocoon. There, the
symbiont produces an antibiotic “cocktail” consisting of streptochlorin and eight piericidin derivatives
and thereby protects the larva from fungal infection. Whole genome sequencing of "Ca.
Streptomyces philanthi” is the method of choice to access genetic and biochemical traits that enable
the symbiotic lifestyle of this bacterium, to estimate its evolutionary trajectory and to decipher
biochemical pathways responsible for the production of known and (possibly) novel antibiotics.
Genomic DNA was directly sequenced with three methods (Sanger, 454, lllumina) after isolation from
beewolf antennal reservoirs. Since "Ca. Streptomyces philanthi’ is yet uncultured, genome
assembling was preceded by binning analysis to sort out contigs of contaminant origin (host or other
bacteria). The draft genome of the beewolf symbiont has a total length of 6.5 Mbp with an average
GC content of 71.4%. Among the 7000 predicted genes, multiple PKS and NRPS genes were identified
that may be involved in the production of antibiotics on the beewolf cocoon. Furthermore, analysis
of the whole set of genes may yield insights into nutritional requirements of "Ca. Streptomyces
philanthi” and thereby allows to isolate it in pure culture.

tnechitaylo@ice.mpg.de
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The carbon rhythm hypothesis: Reconciling the microbial loop and nutrient immobilization
concepts

Ovadia O', Ben-Yosef U*, Shemesh H*
'Ben-Gurion University of the Negev, Life Sciences, Beer Sheva, Israel

Summary statement:

Continuous rhizodeposition can support a constant microbial community that immobilizes nutrients.
Intervallic emissions can cause community oscillations and nutrients liberation.

Abstract:

The release of carbonic compounds from plant roots has recently been shown to have diverse effects
on soil nutrient cycling. On the one hand, carbon emission has been suggested to increase the
amount of available nutrients via the "microbial loop", i.e., increased microbial mineralization
followed by protozoa grazing and nutrient liberation. On the other hand, the exudation of carbonic
substances from roots has also been suggested to limit nutrient availability for long periods of time
due to microbial growth and mineral immobilization. We first present a conceptual model reconciling
these two concepts based on the assumption that carbon exudation varies temporally. The model
predicts that when carbon is emitted continuously it should support a relatively constant microbial
community size, which in turn should immobilize nutrients, assisting slow growing plants to compete
with fast growers. On the other hand, an intervallic emission should cause community oscillations,
liberating nutrients during microbial community crashes, therefore assisting plants to increase their
nutrient availability. We experimentally manipulated the soil carbon dynamics of wheat plants. We
show that intervallic dynamics improve plant performance while continuous carbon additions reduce
it. These results suggest that carbon dynamics, rather than the sheer amounts of carbon, play an
important role in nutrient cycling in the soil and therefore plant performance.

oferovad@bgu.ac.il
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Effect of spatial structure on the spread of cheaters in synthetically designed mutualistic
interaction

Pande S*, Merker H', Bohl K?, Schroter A%, Kost C*
"Max Planck for Chemical Ecology, Experimental Ecology and Evolution, Jena, Germany, “University of
Jena, Department of Bio-Informatics, Jena, Germany

Summary statement:

The degree of spatial structure determines the spread of cheating types and population dynamics of
interacting partners therefore affecting stability of mutualistic interactions.

Abstract:

Mutualisms are interspecific interactions, in which both partners derive a fitness benefit. Though
mutualisms are ubiquitous their evolutionary stability is difficult to reconcile with natural selection:
conflicts of interest are expected to arise whenever organisms direct benefits to non-relatives at
their own cost. Such conflicts are predicted to lead to the evolution of cheating types that reap
mutualistic benefits without bearing the costs for cooperation, which ultimately should collapse the
interaction. Evolutionary theory predicts that spatial structure should limit the selective advantage
for cheating and hence stabilize mutualistic interactions. To test this prediction, we designed and
genetically engineered synthetic mutualistic interactions between two bacterial species, where both
partner species benefit each other by reciprocally providing essential metabolites. In order to classify
the interaction as mutualistic we tested and confirmed that

a) The engineered cooperative trait was costly for the acting individuals.

b) When grown together, the interacting partners have a higher growth advantage relative to the
monoculture.

Since the arisal of cheating types is expected to be the main evolutionary force leading to instability
by eroding the mutualistic interaction, we tested the evolutionary consequences of the introduction
of cheaters arising in either a spatially structured (solid medium) or spatially unstructured (liquid
medium) environment. By experimentally introducing cheaters in mutualistic populations that grow
in either environment, we could identify that the cheaters affect growth dynamics of interacting
partners differently in different environments.

spande@ice.mpg.de
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Adaptation of parasitoid wasps to protective endosymbionts in aphids under experimental
evolution

Rouchet R', Vorburger C*
1anag/ ETH-Zurich, Institute of Integrative Biology, Diibendorf, Switzerland

Summary statement:

Parasitoids wasps were able to adapt to the the presence of facultative endosymbionts in their aphid
hosts with a strong parasitoid genotype*endosymbiont genotype interaction.

Abstract:

Aphids are associated with several facultative bacterial endosymbionts that may influence their
interactions with other organisms. One of this endosymbionts, Hamiltonella defensa, confers high
level of resitance to Aphis fabae fabae, the black bean aphid, against its parasitoids. While the aphid-
symbiont association is under intensive investigation, little is known about the role of parasitoids in
the interaction. This study explores the potential of the main parasitoid of A. fabae fabae,
Lysiphlebus fabarum, to adapt to endosymbiont-mediated defence in its host. We used an
experimental evolution procedure in wich parasitoids were exposed to a same aphid clone
harbouring different strains of H. defensa or H. defensa-free. Parasitoids exposed to H. defensa were
able to adapt to its presence over time. Moreover, this adaption comes at costs and was specific to
endosymbiont genotype, showing a strong parasitoid genotype*endosymbiont genotype interaction.
This experiment emphasised the importance of considering the role of facultative endosymbiont in
host-parasite coevolutionary systems.

romain.rouchet@eawag.ch
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Specificity and dynamics of the Coriobacterium-Pyrrhocoridae symbiosis

Salem H', Kreutzer E?, Kaltenpoth M*
"Max Planck Institute for Chemical Ecology, Insect Symbiosis Research Group, Jena, Germany,
*University of Regensburg, Department of Zoology, Regensburg, Germany

Summary statement:

Investigating the specificity of the Coriobacterium-Pyrrhocoridae nutritional symbiosis through a
range of manipulation experiments that include symbiont exchange and elimination.

Abstract:

Nutritional symbioses between insects and bacteria are highly prevalent and widespread in nature.
Many of these associations are described as mutualisms where the microbial partners improve the
fitness of the host by supplying essential nutrients that are absent or at least limiting in the insect’s
natural diet. The red firebug (Pyrrhocoris apterus) and the African cotton stainer (Dysdercus
fasciatus) of the Hemipteran family Pyrrhocoridae harbor actinomycete symbionts of the genus
Coriobacterium within the M3 portion of their mid-gut. The bacteria are transmitted vertically via
egg-smearing, but horizontal transmission through oral ingestion of feces from adult individuals can
also result in infection. By surface sterilization of the eggs, we experimentally generated symbiont-
free (aposymbiotic) individuals. These Coriobacterium-free Pyrrhocorids suffered reduced growth
rates and higher mortality, indicating that the symbionts contribute significantly to the nutritional
upgrading of their insect hosts. Re-application of the microbial community from mid-gut suspensions
of conspecific individuals to the egg surface completely restored host fitness. However, when
symbiont suspensions of heterospecific hosts were used for re-infection, the fitness of the resulting
individuals was intermediate between untreated controls and aposymbiotic bugs. Such findings
suggest that the Coriobacterium symbionts have a strong influence on host fitness and development,
and that a high degree of specificity exists in this symbiotic association, because individuals infected
with heterospecific symbionts show higher mortality and/or prolonged developmental time than
those with native symbionts.

hsalem@ice.mpg.de
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Molecular enzymatic adaptations to symbiotic life in leafcutter ants and their fungal
symbionts

Schigtt M*, De Fine Licht HH', Boomsma JJ*
'University of Copenhagen, Department of Biology, Copenhagen, Denmark

Summary statement:

Recent studies of degradation enzymes using genomics and proteomics methods have given
molecular insight into the mutualism between leafcutter ants and their fungal symbionts.

Abstract:

In contrast to the hunter-gatherer lifestyle of most ants, leafcutter ants have changed to a fungal diet
derived from the mutualistic gardens that they maintain in their nests on a substrate of fresh plant
material. The evolution of this symbiosis must have required significant changes in the physiology of
both ants and fungal crops, but precise molecular documentation of such changes has hardly been
available. Our research on fungal substrate-degradation enzymes has provided remarkable insights
into some of these changes and their potentially adaptive significance for the symbiosis: 1) Enzyme
production within fungus gardens resembles a multi-step process reminiscent of organic matter
degradation in litter layer ecosystems performed by a series of microorganisms in distinct succession.
2) Whereas most fungal symbionts use metallo-endopeptidases to degrade the plant substrate, a
single monophyletic clade of symbionts has shifted to using serine peptidases, perhaps to circumvent
anti-herbivore protease inhibitors produced by plants. 3) Several different enzymes produced by the
fungal symbiont pass unharmed through the gut of the ants, to end up in the fecal fluid that the ants
mix with new plant substrate. The fecal fluid enzyme repertoire appears to resemble the enzyme
spectrum used by phytopathogenic fungi for gaining access to live plant tissue, possibly representing
a convergent adaptative syndrome for growing on fresh plant material in a fungal clade that
otherwise consists of saprotrophic species. These results suggest that modern molecular techniques
may be of great value to detect co-evolved adaptations that are difficult to validate with phenotypic
studies.

mschiott@bio.ku.dk
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Mutualistic associations of ants: High interspecific tolerance and the evolution of chemical
cues and signals

Schmitt T', Bliithgen N°, Menzel F?

'University of Freiburg, Department of Evolutionary Biology and Animal Ecology, Freiburg, Germany,
*University of Wuerzburg, Department of Animal Ecology and Tropical Biology, Wuerzburg, Germany,
3Unversity of Bern, Institute of Ecology and Evolution, Bern, Switzerland

Summary statement:

Evolutionary changes of cuticular chemistry reduces aggression between partner species in
mutualistic ant associations.

Abstract:

Aggression between ant colonies is ubiquitos. However, there are exceptions to this rule - particular
Crematogaster and Camponotus species tolerate each other to various degrees and some of these
species even live together in mutualistic associations (parabiosis). In order to understand the
proximate mechanisms for this unusual tolerance, we studied interspecific nestmate recognition in
associated Camponotus and Crematogaster species in the rainforest of Borneo and French-Guyana
and in the Mediterranean area. Individuals of the parabiotic ant species in the tropics did not
discriminate individuals of their partner colony from individuals of foreign colonies. The cuticular
hydrocarbon profile of all investigated parabiotic Camponotus species consists of unusual
hydrocarbons with considerably higher molecular mass compared to non-parabiotic Camponotus.
We conclude that parabiotic Camponotus species provide less recognition cues by shifting of the
cuticular hydrocarbons towards higher chain-length, and thus permit unusual interspecific tolerance
between parabiotic partners. Moreover, the parabiotic ant Crematogaster modiglianii from the
Bornean rainforest produces high amounts of quite recently identified cuticular substances. In
bioassays, these substances significantly reduced the aggressiveness of their partner Camponotus
rufifemur. In summary, the high interspecific tolerance seems to be facilitated by the low volatility of
long-chain cuticular hydrocarbons in combination with the C. modiglianii specific compounds that
reduce aggression in Camponotus.

thomas.schmitt@biologie.uni-freiburg.de
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Selection on floral traits in a deceptive orchid: agents and targets of selection

Sletvold N*, Agren J*
'Uppsala University, EBC, Uppsala, Sweden

Summary statement:

Environmental and phenotypic manipulations reveal pollinator-mediated selection on traits
influencing pollinator attraction and pollination efficiency in Dactylorhiza lapponica.

Abstract:

Current selection on floral morphology and phenology has been documented in numerous plant
populations, but the agents and targets of selection have only rarely been identified experimentally.
We examined the magnitude and mechanisms of selection on floral traits in the severely pollen
limited deceptive orchid Dactylorhiza lapponica. We quantified pollinator-mediated selection
(ABpoll) on floral morphology and flowering start by subtracting estimates of selection gradients for
plants receiving supplemental hand-pollination from estimates obtained for open-pollinated control
plants. In addition, we experimentally manipulated number of flowers and spur length in a factorial
design to determine whether these traits directly and independently affect female reproductive
success. There was directional selection for taller plants with more flowers and longer spurs, but no
statistically significant selection on corolla size or flowering start. Pollinator-mediated selection
accounted for all observed selection on spur length (ABpoll = 0.32), 76% of the selection on plant
height (ABpoll = 0.19), and 42% of the selection on number of flowers (ABpoll = 0.30). Experimental
manipulation demonstrated that number of flowers and spur length directly affect female
reproductive success. We conclude that pollinators mediate selection on floral traits likely to
influence both pollinator attraction and pollination efficiency. Our results are consistent with the
hypothesis that deceptive species experience strong selection for increased display and mechanical
fit between flower and pollinator.

nina.sletvold@ebc.uu.se
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Composition and evolutionary history of the bacterial community in the mid-gut of
firebugs (Hemiptera, Pyrrhocoridae)

Sudakaran S', Kost C?, Kaltenpoth M*

"Max Planck Institute of Chemical Ecology, Max Planck Research Group Insect Symbiosis, Jena,
Germany, “Max Planck Institute of Chemical Ecology, VW Research Group Experimental Evolution,
Jena, Germany

Summary statement:

Symbiotic microbiota of P. apterus is vital for its fithess and other Pyrrhocoridae species harbor
similar microbiota suggesting that the microbiota has co-evolved with the hosts.

Abstract:

Symbiotic bacteria play a pivotal role in providing essential nutrients to insects and thereby allow
them to exploit novel food sources and expand into otherwise inaccessible ecological niches. The
Pyrrhocoridae are a family of land bugs that comprises about 300 species, which predominantly feed
on the dry seeds of plants in the order Malvales. Previous studies on Pyrrhocoris apterus revealed
the presence of a specific actinobacterial symbiont (Coriobacterium glomerans) in the mid-gut that is
vertically transmitted and seems to be essential for growth and reproduction of the bugs. However,
little is known about its whole symbiotic microbial community and the function of the symbionts. In
this project, we characterized the microbiota of P. apterus from different geographical regions as
well as that of several other Pyrrhocorid bug species using bacterial tag-encoded FLX 454 amplicon
pyrosequencing (bTEFAP). The analyses revealed that the gut microbial community of P. apterus
mainly consists of facultative and obligate anaerobes such as Clostridium, Coriobacterium,
Eggerthella, Enterobacter and Lactococcus. Notably, members of the Coriobacteriaceae family are
very unusual gut residents, and the co-occurrence of Eggerthella and Coriobacterium is unique
among insects. The P. apterus microbiota is very stable across geographical locations, suggesting that
it plays an important role for the fitness of the host. Furthermore, our results show that other species
of the family Pyrrhocoridae harbor similar symbiotic microbial communities, suggesting that the
complex microbiota has co-evolved with the hosts over millions of years.

ssudakaran@ice.mpg.de
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Specificity, costs and benefits of symbiont-conferred resistance in aphids

Vorburger C', Gouskov A?, Schmid M?

'ETH Ziirich & EAWAG, Institute of Integrative Biology, Dibendorf, Switzerland, *ETH Zirich &
EAWAG, Diibendorf, Switzerland, *University of Zirich, Inistitute of Evolutionary Biology and
Environmental Studies, Zirich, Switzerland

Summary statement:

Genetic specificity characterises benefits (inreased resistance to parasitoids) and costs (reduced
lifespan) of harbouring the bacterial endosymbiont Hamiltonella defensa in aphids

Abstract:

Maternally transmitted symbionts may spread in host populations if they provide a fitness benefit to
their hosts. Hamiltonella defensa, a bacterial endosymbiont of aphids, protects hosts against
parasitoids yet occurs only at moderate frequencies in aphid populations. This suggests that
harbouring this symbiont is also associated with costs. Using experimentally infected lines with the
same genetic background, we tested for the occurrence of such costs in the black bean aphid, Aphis
fabae. We found that H. defensa had little effect on reproductive traits but strongly shortened the
lifespan of its host, resulting in a significant reduction of lifetime reproduction. Interestingly, the
magnitude of this cost was determined by genotype-by-genotype interactions between host and
symbiont: different aphid genotypes were unequally affected by different isolates of H. defensa. In
contrast, the benefits of harbouring H. defensa depended less on the host’s genetic background than
on the genotypes of attacking parasitoids. Significant interactions between H. defensa isolates and
parasitoid genotypes indicated a high specificity of symbiont-conferred resistance. Together, these
findings imply a highly dynamical system of coevolutionary interactions between the interacting
species, which may help explain the coexistence of aphids with and without H. defensa in natural
populations.

christoph.vorburger@eawag.ch
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Incipient reproductive isolation between subspecies of Arabidopsis lyrata

Aalto EA', Virtanen A', Savolainen O*
'University of Oulu, Department of Biology, Oulu, Finland

Summary statement:

We mapped four loci causing pollen sterility in hybrids between subspecies of A. lyrata diverged
about 30 000 gen. ago. One of these loci is involved in cytoplasmic male sterility.

Abstract:

What are the genes involved in speciation and how do they evolve is a question without complete
answer yet. We have studied post zygotic genic incompatibilities, for which to form a simple model
was presented independently by Bateson, Dobzhansky and Muller in the beginning of the 20th
century. Lyrate Rockcress (Arabidopsis lyrata) is an ideal model species to study how these BDM
incompatibilities evolve in different time scales. In earlier studies (Leppala 2011) incipient post
zygotic reproductive isolation was observed between European and North American subspecies of A.
lyrata, which have diverged about 30 000 generations ago. We crossed two populations from these
different subspecies and grew over 2000 F2 plants in greenhouse in Oulu botanical gardens. The
crosses were made reciprocally to see cytoplasmic effects. There was a striking difference between
the reciprocal crosses. When the cytoplasm came from the European subspecies almost one fourth
of the F2 plants did not produce any pollen, but this was not observed in their siblings containing
cytoplasm from North American subspecies. We mapped the major locus causing the CMS to a 180
kb interval at the top of the chromosome 2 in a region containing a cluster of PPR genes. These genes
are known to be involved in conflict between nuclear and mitochondrial genomes. In addition we
found three other loci having highly significant effect on pollen fertility. We conclude that several
different mechanisms causing incipient reproductive isolation have arisen during 30 000 generations
of allopatric isolation. The role of drift and natural selection in the evolution of these genes remains
to be studied.

esa.aalto@oulu.fi
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Landscape dynamics as a mechanism to explain radiations

Aguilée R', Claessen D?, Lambert A

'"Université Montpellier I, CNRS UMR 5554, Montpellier, France, ’Ecole Normale Supérieure,
Laboratoire Ecologie et Evolution UMR 7625, Paris, France, *UPMC Univ Paris 6, Laboratoire
Probabilités et Modeles Aléatoires, Paris, France

Summary statement:

We show with a model based on the cichlids of the African Lakes that allopatry-sympatry oscillations
may promote speciation, leading to a radiation.

Abstract:

Species radiations have been explained assuming either a great diversity of habitats, or sympatric
diversification under rather special conditions (e.g. few loci determining phenotypic traits). We
propose a new scenario based on the biogeographic changes of the Great African Lakes. In our
model, the landscape consists of a mosaic of three habitat types which may be separated by
geographic barriers or not. We study the effect of the alternation of allopatry and sympatry, called
"landscape dynamics", using a stochastic, individual-based model. We show that under disruptive
selection, such landscape dynamics generate a radiation despite a small number of habitat types and
despite inheritance rules impeding sympatric speciation. Diversity is generated by the joint action of
allopatric, ecological divergence driven by natural selection, and of disruptive, sexual selection in
sympatry, allowing for the coexistence of species following reinforcement or character displacement.
Landscape dynamics provoke these and other evolutionary mechanisms (hybridization, evolutionary
branching, and extinction) in different combinations, possibly increasing diversity at each landscape
change. In this scenario, both natural and sexual selection are essential to successful, complete
speciation. We find that diversity in each local site is significantly higher than the total number of
differentiated habitats, and also higher than the level of diversity reached by sympatric
diversification only. Time scales of the landscape dynamics are the main determinant of the features
of the radiation (tempo of diversification, asymptotic level of local and total diversity).

robin.aguilee@univ-montp?2.fr
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MHC-independent olfactory cues and assortative mating in the three-spined stickleback

Andreou D', Milinski M*
"Max Planck Institut for Evolutionary Biology, Ploen, Germany

Summary statement:

Disentangling the potential role of the MHC and other olfactory signals in assortative mating using
three-spined sticklebacks.

Abstract:

Female mate choice for sympatric males can accelerate population divergence and the process of
speciation. Sympatric ecotypes of three-spined sticklebacks have been described from a wide range
of geographical locations making this species a suitable model for investigating the role of sexual
selection in speciation. In northern Germany, adjoining river and lake three-spined stickleback
populations show population divergence in both neutral DNA markers and Major Histocompatibility
Complex (MHC) loci. Previous work has demonstrated that female sticklebacks use self-reference and
chose mates in order to optimise the number of MHC loci in their offspring. However, MHC ligand
peptides need to be validated by an additional MHC-independent signal in order to be recognized
and be used in mate choice. This validation signal is released by male sticklebacks in early spring
before the MHC-signal is added. Assortative mating based on olfactory cues has been demonstrated
in the northern Germany river-lake ecotypes suggesting the possible role of the pleiotropic MHC
genes in sexual selection. However, in this work the full olfactory signal was used which at a
minimum includes the validation factor and MHC ligands. In order to disentangle the potential role of
the MHC and other olfactory signals in assortative mating and preference for sympatric males we
investigated the role of the validation signal in female mate choice.

andreou@evolbio.mpg.de
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Origin and maintenance of Dobzhansky-Muller incompatibilities in the presence of gene
flow

Bank C'?, Biirger R?, Hermisson J**

Wetmeduni Vienna, Institut fur Populationsgenetik, Vienna, Austria, ’Max F. Perutz Laboratories,
Mathematics and BioSciences Group, Vienna, Austria, 3Universi’cy of Vienna, Department of
Mathematics, Vienna, Austria

Summary statement:

Using migration-selection models, we derive the limiting rates of gene flow allowing for ecological
and mutation-order speciation via evolution of adaptive incompatibilities.

Abstract:

Recently, there has been put forward a classification of speciation by natural selection. According to
Schluter (Science, 2009), “ecological speciation” happens when a heterogeneous environment drives
the evolution of postzygotic isolation irrespective of the evolutionary history, while “mutation-order
speciation” occurs when different globally adaptive substitutions spread in diverging subpopulations
due to the spatial-temporal pattern. Here, we use a classical two-locus migration-selection model in
order to analyze the conditions in which a Dobzhansky-Muller incompatibility (DMI) can emerge
according to these scenarios. We obtain analytical and numerical results for the limiting effective
rates of gene flow that allow for origin and maintenance of a DMI in haploid and diploid populations
on an island that receives migrants from a continent, depending on the strength of adaptation,
epistasis, recombination, and the evolutionary history. Our results demonstrate that ecological
speciation is not restricted to the accumulation of locally adapted substitutions. We claim that the
distinction between ecological and mutation-order speciation cannot be based exclusively on the
shape of the fitness landscape, but is crucially dependent on the amount of gene flow between the
diverging populations, and the linkage between the incompatibility loci. For the diploid model, we
predict that the relevance of ecological versus mutation-order speciation is particularly dependent
on the architecture of epistasis. In general, the limiting rate of gene flow does never exceed the
order of the selective advantage of the substitution.

klaudiebank@gmail.com
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What drives speciation: strong sexual selection, divergent sexual selection, or natural
selection?

Boughman JW', Head ML*
'Michigan State University, Zoology, East Lansing, United States, “University of Exeter, BioSciences,
Cornwall, United Kingdom

Summary statement:

Comparative methods are used to test whether sexual selection is responsible for speciation in
diverse taxa, comparing forms of sexual selection and natural selection.

Abstract:

Elegant case studies tell us that sexual selection can cause speciation. Yet, these studies cannot tell
us whether sexual selection is a primary process generating new species across taxa; only that it can
do so in some cases. We use a comparative approach to circumvent this problem, amassing data for
hundreds of pairs of taxa. We estimate the strength of sexual selection within species and the extent
to which it differs between species, considering mating traits from different modalities. We also
estimate the extent of divergence in naturally selected traits to compare to the sexually selected
traits. We then ask whether the strength of sexual selection or the extent to which it diverges
between species best predicts the strength of reproductive isolation. We also consider whether male
competition contributes to isolation in addition to female choice, and the relative importance of
sexual and natural selection. Our methods allow us to separate the effects of sexual and natural
selection, and to control the effects of time. We show that sexual selection is a powerful driver of
speciation across taxa. A key finding is that species differences in sexual selection predict the extent
of reproductive isolation better than the opportunity or strength of sexual selection within species.
We also find that traits specifically involved in conspecific mate recognition are more strongly
associated with reproductive isolation than dimorphism itself. Our results suggest that the presence
of sexual selection may not be enough to cause reproductive isolation, even if it is strong. Sexual
selection needs to be divergent to cause new species to form.

boughman@msu.edu
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Polyandry decreases the potential role of sexual selection in speciation

Collet J*?, Worley K?, Dean R**, Richardson D?, Pizzari T*

'University of Oxford, Edward Grey Institute, Department of Zoology, Oxford, United Kingdom,
2University College London, Department of Genetics, Evolution and Environment, London, United
Kingdom, *University of East Anglia, Centre for Ecology, Evolution and Conservation, School of
Biological Sciences, Norwich, United Kingdom, “Uppsala University, Department of Evolutionary
Biology, EBC, Uppsala, Sweden

Summary statement:

This study reveals that polyandry decreases the potential for sexual selection to drive speciation.

Abstract:

Polyandry —female mating with multiple males- is a ubiquitous feature of sex that prolongs sexual
selection after copulation. However, consequences of polyandry on sexual selection and speciation
remain unclear. Polyandry can simultaneously (i) create male alternative strategies, thus driving
reproductive isolation and (ii) increase the number of males in the effective population, lowering
sexual selection and its role in speciation. We address these fundamental issues by combining
detailed observations of mating behaviour with parentage data in replicate populations of red
junglefowl, Gallus gallus. We show experimentally that polyandry had a drastic impact on male
sexual selection. While the intensity of postcopulatory sexual selection was unaffected by the degree
of polyandry of a population, precopulatory sexual selection was weaker in more polyandrous
groups. Therefore, polyandry reduced the overall intensity of sexual selection while increasing the
relative importance of postcopulatory sexual selection. Importantly, more polyandry across
populations resulted in an overall weaker selection for male social status, a trait that mediates access
to mating, through alternative mechanisms. When polyandry was low, status was selected mainly
because dominant males had more mates, while in more polyandrous populations, sexual selection
for status was largely limited to after copulation, as dominants would mate multiply with the same
females and defend better their paternity. Taken together, these results reveal the previously
unappreciated complex relationship between polyandry and sexual selection that leads to a lower
potential for sexual selection to drive speciation.

j.collet@ucl.ac.uk
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Does sexual selection helps to maintain hybridizing large white-headed gull species
distinct? A comparison between traits and markers

Crochet P-A', Lenormand T%, Bell DA%, Neubauer G, Zagalska-Neubauer M?, Pons J-M*, Gay L'
'CNRS UMR 5175 CEFE, Montpellier, France, *California Academy of Sciences, Department of
Ornithology and Mammalogy, San Francisco, United States, *Polish Academy of Sciences, Museum
and Institute of Zoology, Gdansk, Poland, *Muséum National d'Histoire Naturelle, UMR7205 Origine,
Structure et Evolution de la Biodiversité, Paris, France, >INRA UMR AGAP, DAVEN team, Montpellier,
France

Summary statement:

Natural and sexual selection were involved in speciation in gulls, but mate choice traits contributed
most to reproductive isolation, indicating the importance of sexual selection.

Abstract:

The action of selection is difficult to measure directly on long-lived, large bodied species. An
alternative to direct approaches is to infer the past action of selection by comparing patterns of
differentiation between phenotypic traits and neutral markers.
Even if earlier claims of ring speciation have been rejected by recent studies, large white-headed
gulls remain a classical example of recent avian speciation that is further characterized by a high
incidence of hybridization.
We took advantage of this situation to examine the effects of selection on speciation at two
evolutionary time scales. Firstly, we tested whether phenotypic traits were more divergent than
neutral markers between species, thus investigating the past contribution of selection to phenotypic
divergence. Secondly, we tested which traits were involved in reproductive isolation by comparing
phenotypic variances in hybrid zones. We used two independent hybrid zones to increase the
generality of our findings.
In both hybrid zones and in both species pairs, selection shaped phenotypic divergence and currently
helps to keep the species distinct. It was more difficult to disentangle the actions of sexual and
natural selection. However, based on previously published results, traits can be separated between
those a priori involved in mate choice and sexual selection, and those a priori shaped by natural
selection. Both types of traits showed the action of past selection, but traits linked to mate choice
were more strongly involved in reproductive isolation in hybrid zones, adding to a growing number of
studies pointing at the importance of sexual selection in avian speciation.
pierre-andre.crochet@cefe.cnrs.fr
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The role of sexual selection in the evolution of reproductive isolation in Drosophila
pseudoobscura

Debelle A', Hoikkala A%, Ritchie MG?, Snook RR!
'University of Sheffield, APS, Sheffield, United Kingdom, “University of jyvaskyla, Jyvaskyla, United
Kingdom, *University of St Andrews, School of Biology, St Andrews, United Kingdom

Summary statement:

The role of sexual selection in the evolution of reproductive isolation in Drosophila pseudoobscura.

Abstract:

Sexual selection has the potential to be a speciation driver due to population divergence in male
signals and female preferences, but we are still lacking conclusive direct evidence for its importance
in the speciation process. A promising approach to directly estimate the action of sexual selection on
population divergence and the emergence of reproductive barriers is experimental evolution. We
subjected populations of Drosophila pseudoobscura, a naturally promiscuous species, to two
treatments: enforced monogamy (M) and elevated promiscuity (E). After more than 100 generations
of experimental sexual selection, we tested for assortative mating between the treatments using a
female choice design. The results showed that E males have a higher likelihood of mating with both E
and M females compared to M males. We also found that M males had to court E females for a
longer time to elicit copulation than E males. Modifying the level of sexual selection also significantly
changed a male signal: aspects of courtship song showed rapid divergence between the treatments.
In the future, we will investigate whether the higher mating success of E males is due to a change in
male sexual signals and their impact on female preference.

allandebelle@gmail.com
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Variation in potential prezygotic isolating traits in Nasonia parasitoid wasps

Diao W', Schmitt T2, Ritchie M?, van de Zande L, Beukeboom L*

'University of Groningen, Centre for Ecological and Evolutionary Studies, Groningen, Netherlands,
*Univesity of Freiburg, Department of Evolutionary Biology and Animal Ecology, Freiburg, Germany,
3University of St. Andrews, School of Biology, St. Andrews, Scotland, United Kingdom

Summary statement:

My project focus on genetics and genomics of prezygotic isolation in Nasonia aiming to uncover
genetic architecture of reproductive isolation.

Abstract:

Mate discrimination is one of the most important forms of prezygotic isolation. Divergence of male
courtship behaviour and associated female preference are the most studied mechanisms of
premating prezygotic isolation between closely related species in sympatric populations. Variation in
male courtship behavior within a species may enable females to identify and choose the fittest mate,
whereas variation in courtship behavior between species may help females to identify conspecific
males and prevent costly interspecific matings. In the Nasonia species complex differences in mating
behaviour and pheromones, including cuticular hydrocarbons (CHCs), and male song (wing vibration)
appear to be most important in causing prezygotic isolation between species. We show the within
and between species variation in these traits as well as approaches to unravel the genetic
architecture of these traits.

w.diao@rug.nl
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Speciation insights from a candidate gene approach: Chemosensory genes in the pea aphid

Duvaux L', Smadja C?, Ferrari J?, Zhou J-J*, Butlin R*

1University of Sheffield, Animal and Plant Sciences, Sheffield, United Kingdom, ’Université de
Montpellier 2, Institut des Sciences de I'Evolution, Montpellier, France, *University of York,
Department of Biology, York, United Kingdom, *Rothamsted Research, Harpenden, United Kingdom

Summary statement:

We analysed 200 pea aphid chemosensory genes to determine the role of natural selection and
detect loci associated with the initiation of reproductive isolation between races.

Abstract:

The process of speciation involves the progressive evolution of reproductive isolation between
divergent populations. When this process happens in the face of gene flow, differentiation is
expected to be variable across the genome reflecting the direct operation of natural selection and
the barrier created for regions surrounding selected loci. Although population genomics and QTL
mapping approaches have recently contributed to detecting regions under selection and associated
islands of differentiation, we argue that a candidate gene approach can advance this field even
further. Since many insects use chemical cues to recognise host plants and because divergence in
host plant recognition is an essential step in host race formation, chemosensory genes are good
candidates to play a key role in prezygotic isolation. To address this prediction, the pea aphid system
is unique in having multiple races at different levels of divergence, excellent background information
and a sequenced genome. Here, we used Nimblegen capture arrays and Solexa sequencing to study
sequence divergence for more than 200 chemosensory genes and 20 control genes in 8 host races of
the pea aphid. Finally, we used an Approximate Bayesian Computation (ABC) framework and various
selection tests to detect loci i) with significantly less gene flow between races than the mean of the
genome and so probably implicated in isolation between races for some time, and/or ii) having likely
evolved under positive selection which might be related to the high degree of ecological
specialisation of this species.

|.duvaux@sheffield.ac.uk
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Mode of evolution of parallel phenotypes in monomorphic African cichlid species

Gante H', De Maddalena J!, Salzburger W'
1University of Basel, Zoological Institute, Basel, Switzerland

Summary statement:

Analysis of sexually- and ecologically-relevant phenotypes across closely-related African cichlids to
understand the mechanisms responsible for species divergence.

Abstract:

Analysis of sexually- and ecologically-relevant phenotypes across closely-related animal species can
provide insight into the mechanisms responsible for species divergence. We use a comparative
approach to elucidate the importance of coloration (a likely target for selection during mate choice
and species recognition) and body shape (a correlate of ecological adaptation and niche partitioning)
in the evolution of a group of monomorphic cichlid species from Lake Tanganyika, East Africa, the
tribe Lamprologini. We place special emphasis in the Neolamprologus brichardi/pulcher species
complex, from which robust phylogenies based on multiple nuclear genes were generated. Contrary
to previous expectations of drivers of speciation in species lacking sexual dimorphism, we find
multiple cases of repeated (parallel) evolution of several coloration phenotypes. We discuss these
results in light of theoretical expectations and which source of selection is most likely driving
speciation in these organisms.

hugo.gante@unibas.ch
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Genetics of reproductive behaviour in Nasonia

Giesbers M*, Pannebakker BA?, van de Zande L', Beukeboom LW*
1University of Groningen, Evolutionary Genetics, Groningen, Netherlands

Summary statement:

Using artificial selection and quantitative genetics we aim to identify the genetic architecture of two
reproductive behavioural traits in the Nasonia complex.

Abstract:

Mating behaviour is an important prezygotic isolating factor but its genetic basis is still poorly known.
We use the Nasonia genus of parasitoid wasps to study the genetic architecture of prezygotic
isolation. In this study we focus on three Nasonia species that occur in micro-sympatry in Eastern
North America: N. vitripennis is a cosmopolitan species that parasitizes several fly species. N. giraulti
and N. oneida occur in Eastern North America and specialize on pupae of blowflies (Protocalliphora)
commonly found in bird nests. These species are reproductively isolated due to infection with
species-specific strains of Wolbachia that cause cystoplasmic incompatibility. In the area of sympatry
pre-zygotic isolation mechanisms might have evolved through reinforcement to prevent costly
hybridization in nature. Indeed, the species differ in male courtship behaviour but this may not be
sufficient to prevent interspecific matings. N. vitripennis and N. oneida females show high mate
discrimination against heterospecific males, but N. giraulti females do not. N. giraulti typically shows
within-host mating whereas the other two species mate after emergence. Within host mating may
have evolved to prevent interspecific hybridization. We analysed the genetic architecture of
interspecific mate discrimination and within host mating using hybridization experiments, artificial
selection and quantitative genetics in order to identify the genes responsible of for these traits.

m.c.w.g.giesbers@rug.nl
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Influence of natural and sexual selection on phenotypic divergence during the Tanganyikan
cichlid radiation

Gonzalez Voyer A', Tsuboi M?, Hoglund J?, Kolm N*

'Estacion Bioldgica de Dofiana, Integrative Ecology, Sevilla, Spain, *Kyoto University, Faculty of
Agriculture, Kyoto, Japan, *Uppsala University, EBC, Population Biology, Uppsala, Sweden, *Uppsala
University, EBC, Animal Ecology, Uppsala, Sweden

Summary statement:

Ecological characters and sexual traits presented different patterns of evolution; results suggest
divergence late in the radiation is more strongly influenced by sexual selection.

Abstract:

Theory suggests sexual traits evolve faster than ecological characters. However, characteristics of a
species niche may also influence evolution of sexual traits. Hence, a pending question is whether
ecological characters and sexual traits present similar temporal dynamics of evolution during periods
of rapid ecological divergence, such as adaptive radiation. We first analyzed whether characteristics
of a species niche were associated with the evolution of sexual dimorphism in size, colour and shape.
We then analyzed the rate of phenotypic evolution and historical pattern of phenotypic divergence
for ecological characters and sexual traits. Our results indicate that different ecological
characteristics influence the evolution of sexual dimorphism. Furthermore, although correlated,
ecological characters and sexual traits present different patterns of evolution. Closely related species
presented higher disparity in sexual traits than ecological characters and sexual traits were under
stronger selection than ecological characters. Our results indicate that disparity in ecological
characters was concentrated early in the radiation, in line with speciation linked to ecological
specialization. While disparity in sexual traits remained high throughout the radiation, suggesting
divergence late in the radiation is possibly more strongly influenced by sexual selection.

alejandro.gonzalez@ebd.csic.es
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Natural versus sexual selection in moth sexual attraction

Groot AT"?, Barthel A', Karpinski A', Blanco C°, Heckel DG, Vogel H*

'Max Planck Institute for Chemical Ecology, Entomology, Jena, Germany, *University of Amsterdam,
IBED, Amsterdam, Netherlands, >USDA-APHIS, Biotechnology Regulatory Services, Riverdale, United
States

Summary statement:

Speciation, Lepidoptera, Noctuidae, co-evolution

Abstract:

In moths, sexual attraction is a strong and well-defined prezygotic isolation barrier: females produce
a species-specific sex pheromone that attracts males from a distance. Since in moths female signals
and male response are governed by independently assorting genes, it is still a mystery of how moth
signal and response may co-evolve. Our research focuses on the intraspecific variation of the female
sex pheromones and the causes and consequences that this variation may have on the sexual
attraction in males. One hypothesis is that environmental factors (interfering species, stress) may
affect signal and response in the same direction. So far we have found that host plants may indirectly
affect the sex pheromone composition, and with that sexual attraction of females, not because plant
compounds are pheromone precursors but more likely because some plants may cause more stress
in the larval stage than others. Stress factors may include low nutritional quality, (toxic) secondary
plant metabolites and pathogens. Different moth populations may become differentially adapted to
these stress factors, thus undergoing natural selection. Preliminary experiments indicate that genes
involved in the pheromone biosynthetic pathway are differentially affected by some stress factors. If
male response genes are affected in a similar way, sexual selection in moths may be affected by
natural selection.

agroot@ice.mpg.de
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Pollinator-driven speciation in heterostylous plants: an individual-based model
incorporating floral morphology, pollinator traits, and spatial effects

Haller BC', de Vos J?, Keller B?, Conti E?
"McGill University, Redpath Museum, Montreal, Canada, 2Universi‘cy of Zirich, Institute of Systematic
Botany, Ziirich, Switzerland

Summary statement:

Using a spatial individual-based model, we explore the consequences of heterostyly, a floral
morphological trait, for reproductive isolation, ecological divergence, and speciation.

Abstract:

The remarkable diversity of the angiosperms has often been attributed, at least in part, to their
coevolution with pollinators. We model the interesting floral polymorphism “heterostyly,” which
involves reciprocal inter-morph reproductive organ positioning coupled with intra-morph genetic
incompatibility. This trait might promote speciation through pollinator-mediated mechanisms
entailing both natural and sexual selection. Evidence for this assertion comes from the observation
that some heterostylous clades (e.g. Primulaceae, Turneraceae) are more speciose than their non-
heterostylous sister clades. We test whether this difference might be due to the opportunity
provided by heterostyly for reproductive isolation between diverging lineages with differing
reproductive organ positions (sexual selection), in combination with divergent selection on
reproductive organ position caused by pollinator traits (natural selection). We hypothesize that
heterostyly can be viewed as a “magic trait” governing both fitness and reproductive isolation, and
further, that its degree of “magicness” (i.e. the balance between natural selection and sexual
selection) may vary depending on both pollinator and floral traits. We investigate this interplay
between natural and sexual selection using an individual-based evolutionary model of heterostylous
plants in a mixed pollinator milieu. Effects due to space are considered and the dynamics of the
model are contrasted between spatial contexts, with reference to reinforcement theory, character
displacement, and ecological speciation.

ben.haller@mail.mcgill.ca
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Ecological adaptation and life history divergence lead to changes in female-choice based
sexual selection between allopatric populations of Drosophila mojavensis

Havens JA'
1University of Arkansas, Biological Sciences, Fayetteville, United States

Summary statement:

Host plant adaptation leads to divergence in life history traits and within-population mate
communication systems in allopatric populations of Drosophila mojavensis.

Abstract:

Ecological adaptation has influenced life history divergence between allopatric populations of
cactophilic Drosophila mojavensis, leading to premating isolation. Life history traits are genetically
correlated with courtship signals that display G x E interactions caused by different cactus-rearing
environments. Phenotypic plasticity of courtship traits has led to divergence in male-female
communication systems, influencing the outcome of ‘good-genes’ sexual selection within
populations. Cuticular hydrocarbons (CHCs), contact pheromones that mediate courtship within and
between allopatric populations, are genetically correlated with egg-to-adult development time.
Female discrimination of males leads to decreased offspring egg-to-adult development time in
derived populations, particularly when reared on the host cactus that has been implicated in causing
longer development times in nature. Thus, natural and sexual selection act antagonistically on this
life-history trait. Different CHC components determined male mating success within each population,
and there was a greater influence of host cactus on CHC mediated female discrimination in the
derived population. Therefore, host cactus use causes changes in both CHC mediated courtship and
the consequences of sexual selection between populations. Differences in sexual selection and
divergence in life history traits due to host plant adaptation indicate that both sexual and natural
selection interact to drive the formation of reproductive isolation. Further studies should examine
the genetic basis of female preference as well as other male sexual traits to assess how G x Es
influence coevolution between the two.

havens@uark.edu
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The interplay between natural selection, sexual selection, and geography in the evolution
of mating isolation in guppies

Hendry A'
"McGill University, Redpath Museum, Montreal, Canada

Summary statement:

Trinidadian guppies provide a good example of how natural selection, sexual selection, and
geography all interact to influence progress toward ecological speciation.

Abstract:

Divergent natural selection is expected to promote the evolution of mating isolation: i.e., ecological
speciation. In some natural systems, however, this process may be constrained by conserved sexual
selection to an extent that depends on the geographic context. | will discuss the results of theoretical
models, as well as laboratory and field experiments with Trinidadian guppies, that disentangle these
interactions. We find that divergent natural selection favors the divergence of male mating signals.
Sexual selection based on female choice is, however, conserved to some extent among
environments, which implies that adaptive divergence might not promote symmetric mating
isolation. However, we also find that mate choice evolves such that females disfavor immigrant
males from parapatric populations of the opposite predation regime but not allopatric populations of
the opposite predation regime. Thus, divergent selection promotes ecological speciation and sexual
selection constrains it - except when the geographic context leads to direct selection against mating
with the opposite type. In short, natural selection, sexual selection, and the geographic context all
interact to determin progress toward ecological speciation.

andrew.hendry@mcgill.ca
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Ecological and life history consequences of shifts in polyandry across diverse dance fly
mating systems

Herridge EJ*
1University of Stirling, School of Natural Sciences, Stirling, United Kingdom

Summary statement:

Ecological and life history consequences of shifts in polyandry across diverse dance fly mating
systems.

Abstract:

Sexual selection in females is fairly common but female-specific ornamentation is rare. Sexually
selected traits are thought to represent a diversion of resources away from other life history traits,
and it has been suggested that if ornamentation in a female comes at a cost to fecundity it would
undermine the benefits of male mate choice. Females in many species of dance flies have lost the
ability to hunt and receive all their dietary protein through the procurement of nuptial gifts. In some
lineages, competition for male donations has caused sex-role reversal, and females have developed
elaborate ornaments to improve their attractiveness to choosy males. The development and
maintenance of ornaments is known to increase predation risk in at least one species and may also
come at a cost to female fecundity. To investigate the role of sexual selection in demography, and in
particular the demographic consequences of shifts in polyandry across diverse dance fly mating
systems, we assessed the covariance between measures of sexual dimorphism in dance flies and
demographic parameters that could be associated with local extinction risk.

e.j.herridge@stir.ac.uk
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Exploration of commensal (Mus musculus domesticus) and aboriginal (Mus spretus) mice

Hiadlovska Z'%, Voslajerova Bimova B™*, Macholan M**

YJAPG AS CR v.v.i, Laboratory of Mammalian Evolutionary Genetics, Brno, Czech Republic, “Masaryk
University, Faculty of Science, Brno, Czech Repubilic, *IVB AS CR v.v.i., Department of Population
Biology, Brno, Czech Republic

Summary statement:

Exploration strategy in commensal (Mus musculus domesticus) and aboriginal (Mus spretus) mice as
an adaptation to enclosed vs. open habitats.

Abstract:

Exploration includes investigation of unknown areas, where it is vital to accurately assess potential
danger. Consequently, exploration should be under a direct influence of selection. Given their
different ecologies, commensal Mus musculus and wild living (‘aboriginal’) Mus spretus should differ
in their life styles and hence in various behavioral characteristics. This study compares exploratory
behaviour of two wild-derived inbred strains representing both species and test whether observed
differences reflect their ecological adaptations. Altogether, 30 males, 15 of each strain (STRA,
representing M. m. domesticus, and SMON, representing M. spretus), were tested using a standard
Open field test. Our results reveal differences in explorative strategies between the two species with
M. spretus males being more prone to enter the open field arena where they display more self-
confident explorative behaviour than M. m. domesticus males. We conclude that the observed
phenotype is probably a part of their adaptation to open natural habitats.

328868@mail.muni.cz
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Contrasting patterns of molecular evolution of the Z chromosome and autosomes in
flycatchers: Differential introgression or the faster-Z effect?

Hogner $'?, Saether SA?, Borge T, Bruvik T2, Johnsen A', Seetre G-P?
1University of Oslo, Natural History Museum, Oslo, Norway, 2Universi‘cy of Oslo, Centre for Ecological
and Evolutionary Synthesis, Oslo, Norway

Summary statement:

We show that contrasting patterns of molecular evolution of the Z chromosome and autosomes are
best explained by faster adaptive evolution on the Z chromosome in Ficedula species.

Abstract:

Recent multi-locus studies in congeneric birds have shown a pattern of elevated interspecific
divergence on the Z chromosome compared to the autosomes. In contrast, pairs of species exhibit
less polymorphism (and less shared polymorphism) on the Z chromosome relative to the autosomes.
Under neutrality, the ratio of effective population size between Z-linked and autosomal loci, and
hence the degree of nucleotide variation, is expected to be 3:4. However, several studies have found
significantly lower ratios. This may be explained by faster adaptive evolution on Z, because recessive
beneficial mutations are not masked by dominance in the heterogametic sex. Likewise, recessive
deleterious mutations would be more effectively purged on the Z due to hemizygous exposure.
Associated selective sweeps on the Z chromosome would contribute to further reduce intraspecific
polymorphism. Alternatively, accumulation of incompatibilities on the Z chromosome (Haldane’s
rule) may reduce the rate of introgression of Z-linked compared to autosomal genes and produce the
same pattern as predicted by the faster-Z hypothesis. Here, we show that the four black-and-white
Ficedula flycatchers show greater divergence on the Z chromosome than on the autosomes, and that
their Z:A ratios are below 75%. Furthermore, we found more fixed substitutions and fewer shared
polymorphisms on the Z chromosome than on the autosomes. Finally, using isolation with migration
models, we estimated gene flow and divergence times among the four closely related flycatchers.
Our results are best explained by the faster-Z hypothesis since the estimated migration parameters
were close to zero in most pairwise comparisons.

silje.hogner@nhm.uio.no
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What’s wrong with grasshopper sex? Hybrid Sterility in the meadow grasshopper
Chorthippus parallelus.

Hutchison JD, Butlin RK"
'University of Sheffield, Animal Plant Sciences, Sheffield, United Kingdom

Summary statement:

Utilising behavioural and genetic techniques to gain insight into barriers to gene flow between two
sub species.

Abstract:

Identifying the loci involved in hybrid incompatibilities is a broad goal of speciation research. By
identifying the functional classes of genes and the specific forces driving their divergence across
species, we can come to understand their contribution to the evolution of new species.

Two sub-species of the meadow grasshopper Chorthippus parallelus come into contact and hybridise
in the Pyrenees Mountains. Crosses between sub-species produce fertile F1 females and sterile F1
Hybrid males with dysfunctional testes. This incompatibility is widely thought to result from negative
epistatic interactions (Dobzhansky-Muller model).

Within the hybrid zone grasshoppers display intermediate phenotypes. Clines in morphological and
behavioural characteristics have been observed spanning the hybrid zone. By using back-crossing
experiments, clines for sterility have also been mapped (Shuker et al. 2005).

Using a range of techniques including mating studies, expression analysis, sequence comparisons and
genomic cline mapping | aim to gain insight into the underlying genetics which are maintaining the
barrier to gene flow between the sub species.

j-hutchison@shef.ac.uk
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The magnitude and potential mechanisms of reproductive isolation among geographically
isolated populations of a boreal insect, Drosophila montana

Jennings JH'
'University of Jyvaskyla, Department of Biological and Environmental Science, Jyvaskyl3, Finland

Summary statement:

| discuss reproductive isolation in Drosophila montana with respect to natural and sexual selection,
which both may potentially contribute to divergence and ultimately, speciation.

Abstract:

Widely distributed species that exhibit strong sexual selection and have populations adapted to
different environmental conditions can provide valuable opportunities for tracing the onset of
reproductive incompatibilities, their causes and their relative roles in the speciation process.
Recently diverged populations of the boreal malt fly, Drosophila montana, provide an excellent
model system for such studies, as much is known about selective pressures acting in nature. D.
montana is a cold adapted, diapausing D. virilis group species found in high latitude forests in
Nearctic and Palearctic regions around the globe. Previous studies have shown variation in wing and
genital morphology, male courtship song and female song preference among Canadian, American
and Finnish populations, and that these differences do not coincide with putatively neutral mtDNA
divergence. | measured both pre- and postmating barriers to reproduction among flies representing
these three populations and assessed cuticular hydrocarbon (CHC) variation, incorporating a test for
the role of CHCs in mate choice. | show that flies from these populations exhibit significant
assortative mating (i.e, sexual isolation) and a significant one-way reduction in interpopulation
progeny production, affecting both male and female offspring equally in particular crosses. Data on
postmating barriers suggest postcopulatory-prezygotic mechanisms. Thus, D. montana populations
seem to be evolving multiple barriers to gene flow in allopatry. | discuss the potential mechanisms of
these barriers with respect to natural and sexual selection.

jackson.h.jennings@jyu.fi
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Rapid sperm evolution in the bluethroat subspecies complex

Johnsen A', Hogner S', Laskemoen T*, Pavel V2, Chutny B?, Garcia Fernandez J?, Sudrez Seoane S*,
Eybert M-C>, Lifjeld JT*

'University of Oslo, Natural History Museum, Oslo, Norway, “Palacky University, Laboratory of
Ornithology, Olomouc, Czech Repubilic, 3Grupo Ibérico de Anillamiento, Ledn, Spain, 4University of
Ledn, Ledn, Spain, 5Universi‘cy of Rennes 1, Rennes, France

Summary statement:

We document high intraspecific divergence in sperm morphology between bluethroat subspecies,
suggesting rapid evolution of sperm traits in this subspecies complex.

Abstract:

Sperm cells are the most variable animal cell types and much research is currently directed towards
explaining inter- and intraspecific variation in sperm morphology and motility. Recent studies have
found associations between levels of sperm competition and sperm length and/or sperm velocity,
across passerine birds. Sperm competition thus acts as a potent selective force shaping sperm traits,
and may potentially influence the evolution of reproductive barriers and the rate of speciation.
However, the speed of evolutionary changes in sperm morphology is largely unknown, and studies of
intraspecific sperm variation are needed in order to examine these processes at the finest levels. The
bluethroat comprises several morphologically distinct subspecies that show small, but consistent
genetic divergences according to neutral markers. Analyses of mtDNA suggest very recent divergence
among the subspecies. We analysed variation in sperm morphology among four genetically distinct
and geographically isolated bluethroat subspecies, in order to investigate the speed and direction of
sperm evolution at the intraspecific level. We found highly significant variation in total sperm length,
and its components (head, midpiece and tail), among the subspecies. High divergence in sperm
morphology combined with low genetic divergence reveal rapid evolution of sperm traits in this
system. We address the relative role of selection (e.g. sperm competition) and genetic drift for sperm
divergence, and suggest that sperm divergence may play an important role in the early stages of the
speciation process.

arild.johnsen@nhm.uio.no
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Phylogeography of the hybrid origin of a swordtail fish in Mexico

Jones JC"?, Perez-Sato J-A°, Meyer A'

'University of Konstanz, Department of Biology, Konstanz, Germany, *Zukunftskolleg, University of
Konstanz, Konstanz, Germany, *Unidad de Abejas, Colegio de Postgraduados, Campus Cordoba,
Veracruz, Mexico

Summary statement:

We search for signs of recent hybridisation and introgression in a swordtail fish with a putative
hybrid origin.

Abstract:

Studying hybridisation is important for an increased understanding of its role in speciation and
evolution. Hybrid speciation may contribute significantly to generating biodiversity, but only a few
well-documented examples exist so far that do not involve polyploidization as a mechanism. The
swordtail fish, Xiphophorus clemenciae, and its putative parental species, the southern swordtail, X.
helleri, and the platyfish, X. maculatus, provide an ideal system for investigating ongoing mechanisms
of gene flow between hybrid and parental species. These fish overlap in their current geographic
distribution and X. clemenciae shows several hall-marks of a hybrid origin. Here we use microsatellite
and mitochondrial markers to investigate the population structure of this group of swordtails and
search for signs of recent hybridisation. Individuals were sampled from 21 localities across the
described range of X. clemenciae - the Isthmus of Tehuantepec (IT) Mexico, and several
environmental parameters that might represent barriers to dispersal were recorded. Four main
insights derived from our data. First, the hybridisation event that gave rise to X. clemenciae appears
to be relatively ancient, a single origin is likely and there are no signs of contemporary introgression.
Second, population structure within species shows an isolation-by-distance pattern and genetic
differentiation between most populations is significant and high. Third we infer that tectonic
evolution in the IT has greatly restricted gene flow between the southern and central populations of
X clemenciae and X. helleri. Fourth, we provide preliminary information to aid in the conservation
management of X. clemenciae.

julia.jones@uni-konstanz.de
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On the origin of species by means of post-copulatory sexual selection: Ecotype-specific
sperm and cryptic female choice in sticklebacks

Kaufmann J', Lenz TL', Milinski M", Eizaguirre C*?
'Max Planck Institut for Evolutionary Biology, Evolutionary Ecology, Ploen, Germany, *Leibniz
Institute for Marine Sciences (IFM-GEOMAR), Evolutionary Ecology of Marine Fishes, Kiel, Germany

Summary statement:

The role of post copulatory sexual selection in the process of ecological speciation is tested by a full-
factorial fertilization experiment between stickleback ecotypes.

Abstract:

Ecology plays a major role in species diversification. Furthermore, sexual selection is increasingly
being recognized as important process accelerating population divergence. In the three-spined
stickleback, gene flow between connected lake and stream populations is repeatedly reduced,
creating distinct ecotypes. In northern Germany, these ecotypes differ in parasite load as well as in
diversity at the major histocompatibility complex (MHC). Recent experimental studies showed pre-
copulatory female preference for sympatric males based on olfactory cues, suggesting a role of the
pleiotropic MHC genes in maintaining reproductive isolation. However, mechanisms of post-
copulatory sexual selection may also have evolved to limit gene flow between ecotypes, such as
cryptic female choice to counteract the occasional matings with males from another habitat type
and/or males’ sneaking behavior. We therefore tested the role of assortative gamete preference on
the maintenance of reproductive barriers between ecologically divergent populations in controlled in
vitro experiments. We additionally focused on the important MHC genes to test for genetic
incompatibility between fish ecotypes. Here, we report ecotype specific sperm characteristics and
results of a full-factorial fertilization experiment with two lake/stream population pairs.

kaufmann@evolbio.mpg.de
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Sequential mate choice and reproductive isolation in threespine stickleback species

Kozak GM", Lackey ACR?, Head ML?, Boughman JW*

University of Illinois, Animal Biology, Champaign, United States, “Michigan State University, Zoology,
East Lansing, United States, *University of Exeter, Centre for Ecology and Conservation, Penryn,
United Kingdom, *Michigan State University, Zoology; BEACON; Ecology, Evolutionary Biology &
Behavior Program, East Lansing, United States

Summary statement:

In sympatric stickleback species, females learn to avoid heterospecifics during courtship but do not
use sequential mate choice strategies between species.

Abstract:

Both natural and sexual selection can lead to sexual isolation between sympatric species. Fitness
costs associated with hybridization can create selection to avoid heterospecific mates. Alternatively,
heterospecific mates may be perceived as unattractive due to sexually selected preferences. Here,
we ask if females use sequential mate choice strategies to avoid heterospecific males during mating
in two threespine stickleback species (benthics and limnetics: Gasterosteus spp.). Previous work on
sticklebacks found that females gauge male attractiveness relative to previously encountered males
within species. If sexual isolation resulted from an extension of within species decision rules, we
predicted that

1) females who have been courted by heterospecific males would subsequently find conspecific
males more attractive than females without such experience,

2) females who experience conspecific males would find heterospecifics less attractive than naive
females, and

3) females who see two heterospecific males sequentially should find them equally attractive.
However, if females courted by heterospecifics subsequently find heterospecifics less attractive, it
would suggest females are learning to avoid heterospecifics due to the costs of hybrid matings. We
found that preferences for conspecific males did not change after experience with heterospecifics. In
contrast, females did find heterospecifics less attractive after experience with either conspecific or
heterospecific males. Thus, mating experience enhances sexual isolation in sticklebacks, but these
effects are more likely to be the result of natural selection to avoid hybridization than sequential
mate choice strategies.

gmkozak@illinois.edu



13" Congress of the European Society for Evolutionary Biology
Tiibingen 2011

WED 24 AUG at 0910 - Room N5 : "~ /‘"]
Invited talk D1-Sy06-0910-1

Symposium 6
Speciation by natural versus sexual selection

Colours of speciation in fish and frogs

Maan ME"*?
1University of Groningen, Groningen, Netherlands, 2University of Bern, Bern, Switzerland, 3anag,
Kastanienbaum, Switzerland

Summary statement:

Poison frogs and cichlid fish illustrate how interactions between natural and sexual selection may
contribute to population divergence.

Abstract:

There is both theoretical and empirical support for various diversifying interactions between natural
and sexual selection. For example, good-genes sexual selection may accelerate divergent adaptation,
and divergence in sensory systems may pleiotropically cause divergence in mate preferences. To
evaluate the macro-evolutionary consequences of these mechanisms, we need to identify how and
when they operate in natural systems. In my contribution to this symposium, | will present some
ongoing work on colour divergence in poison frogs and cichlid fish. These examples show how
interactions between ecology and sexual selection may contribute to population divergence. They
also illustrate, however, the difficulties of distinguishing alternative scenarios, and of determining
their relative importance and temporal sequence.

martine@martinemaan.nl
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Evolutionary change in courtship behaviour is related to cladogenesis in a group of
viviparous fish

Macias Garcia CJ*, Ritchie MG?, Mendez-Janovitz M*
'Universidad Anacional Autonoma de Mexico, Instituto de Ecologia, Mexico City, Mexico, *University
of St. Andrews, School of Biology, St. Andrews, United Kingdom

Summary statement:

We looked for a link between sexual conflict and speciation in the viviparous Goodeine fish using
courtship behaviour as a proxy measure of sexual selection. Clade formation was positively and
significantly correlated with the number of courtship elements gained or lost along an ultrametric
phylogenetic tree, lending support to the idea that there is a link between sexual selection and
speciation in this group.

Abstract:

Speciation is expected to occur more quickly in clades where females can control the outcome of
sexual conflict over matings. We tested this using the Mexican Goodeinae, a group of viviparous fish
where insemination requires female cooperation. We used courtship evolution and complexity as
proxies for intensity of sexual conflict, and described the courtship behaviour of 28 species. We then
quantified the number of courtship elements and reconstructed the history of each element along an
ultrametric phylogenetic tree. Courtship elaboration was calculated as the total number of courtship
elements displayed by males of each species, and ancestral estates were computed for each node.
Using all the ingroup nodes, we found a negative but non-significant trend between courtship
elaboration and time to speciate. We then divided the ultrametric tree into five periods of 3.36 my
each, and found a significant positive association between number of changes (gains/losses) of
courtship elements and the number of lineages produced within each period (R2 =0.96, F(1,3) =
76.37, p = 0.0032). Thus the occurrence of changes in courtship elements, which may constitute pre-
mating requirements, is associated with the formation of new species in this clade with effective
female control over matings.

maciasg@servidor.unam.mx
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Niche expansion through ecological release in Neotropical crater lake cichlids. Do all
species have the same potential?

Magalhaes IS", Hudson AG, Barluenga M*
"Museo Nacional de Ciencias Naturales, Dept. Biodiversity and Evolutionary Biology, Madrid, Spain

Summary statement:

The role of competition and niche availability in eco-morphological divergence in cichlid fish from
Nicaraguan crater lakes.

Abstract:

Ecological adaptive radiation theory predicts a concomitant increase in eco-morphological and
species diversification following the invasion of novel environmental niches. Whether species have
the potential to respond to ecological opportunities, within a given time period, will depend on
lineage-specific levels of genetic variation, genomic architecture of adaptive traits, phenotypic
plasticity and strength of ecological trade-offs between niches. Due to their enormous diversity in
morphology and colouration, fishes of the Family Cichlidae are among the best model systems for
the study of biological diversification and ecological opportunity. Neotropical cichlids represent
small-scale adaptive radiations relative to the more famous African Great Lake radiations, but are
emerging as model systems for the study of early stages of adaptation and speciation in the absence
of geographic isolation. In Nicaragua, several cichlid species inhabit geologically young crater lakes
that differ in their geographic areas, niche availability and faunal composition. We investigated the
niche width and ecological specialization of several cichlid fish species in different Nicaraguan lakes
and test whether all species responded similarly to similar levels of ecological opportunity.
Combining morphological and ecological analyses we evaluated levels of niche expansion and
adaptability for each species. This approach provide information on how natural selection generated
by inter-specific competition and niche and resources availability can affect their capacity of these
fish to adapt to new environments, diversify and even speciate.

ismagalhaes@hotmail.com
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Detecting niche divergence in an allopatric hybrid species complex of Pinus densata, P.
tabuliformis and P. yunnanensis

Mao J-F*?, Wang X-R*?

'Max Planck Institute for Developmental Biology, Tuebingen, Germany, ’Institute of Botany, CAS,
State Key Laboratory of Systematic and Evolutionary Botany, Beijing, China, *Umea University,
Department of Ecology and Environmental Science, Umed, Sweden

Summary statement:

Ecological divergence and selection for novel adaptations have played main roles in homoploid
hybrid speciation of Pinus densata on the Tibetan Plateau

Abstract:

Ecological divergence and selection for novel adaptations to new habitats have been theoretically
proposed to play important roles in promoting homoploid hybrid speciation (HHS). To understand
this process, the identification and characterization of ecological niches unique to hybrids may
facilitate elucidation of the genetic basis of novel adaptations and species divergence. The successful
establishment of Pinus densata on the Tibetan Plateau is one of the few known examples of HHS. In
this study, we carried out extensive field expeditions to obtain representative coverage of occurrence
sites of P. densata and its two putative parents. We then applied a series of GIS-based analyses to
define the patterns of environmental variation within and among the three pine species, to remove
potentially confounding effects of spatial autocorrelation in the environmental data due to allopatric
ranges, and to build species distribution models. All results consistently indicated that the ecological
preferences of P. densata and its parental species have diverged, and identified candidate ecological
factors associated with habitat-specific adaptation. Our findings provide evidence of a distinct niche
shift in P. densata, and support the hypothesis that ecological selection-induced local adaptation and
geographic isolation help maintain and reinforce between-species differences and reproductive
isolation in the species complex. Furthermore, these findings are valuable for understanding the
origin of biodiversity in the Tibetan vegetation, and for predicting the evolutionary responses of the
high plateau plants to global environmental changes.

jian-feng.mao@tuebingen.mpg.de
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Size, ecotype and male courtship behavior in the stream-resident-anadromous stickleback
species complex

McKinnon JS', Hamele N?, Frey N°
'East Carolina University, Biology, Greenville, United States, 2University of Wisconsin-Whitewater,
Biological Sciences, Whitewater, United States

Summary statement:

We used size-manipulation to investigate male courtship preferences in anadromous and stream-
resident sticklebacks. Our results suggest stronger responses to similar sized females.

Abstract:

We investigated the potential role of male behavior in reproductive isolation between divergent
anadromous and stream-resident populations of threespine stickleback, Gasterosteus aculeatus,
using size-manipulated females of both ecotypes. Specifically, we asked if male courtship preferences
are present, and if they are based on ecotype, relative body size, or other traits. Mating trials were
‘no choice’ tests involving one male and one female paired in a 96-liter aquarium. To minimize the
influence of female behavior on male courtship data, male behavior was scored only from the first
five minutes of each trial. Because most male behaviors were strongly and significantly correlated
with each other, we conducted a principal components analysis on the correlations and also ran
analyses on the principal components. The two male ecotypes differed in overall behavioral
frequencies, with stream-resident males exhibiting consistently more vigorous and clearly positive
courtship than anadromous males. Analysis of PC1 indicated more vigorous courtship toward smaller
females by (relatively small) stream-resident males and the reverse pattern for (relatively large)
anadromous males. We found little evidence of males responding preferentially to females of their
own ecotype independent of body size.

mckinnonj@ecu.edu
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It’s a kind of magic: Divergent ecological selection on a mating trait

Merrill RM*, Wallbank R", Stevens M", Jiggins CD*
'University of Cambridge, Cambridge, United Kingdom

Summary statement:

Using models designed with respect to avian vision, we show that wing colour patterns in Heliconius,
which are used during mate recognition, are under disruptive natural selection.

Abstract:

Traits under disruptive ecological selection that also influence non-random mating can facilitate
speciation in the face of gene flow. However, the existence of such ‘magic traits’ in nature has been
considered unlikely. Mimicry in tropical butterflies has long been championed as an example of
adaption driving speciation. In the Neotropical genus Heliconius pairs of unpalatable species
converge on the same bright warning-pattern to more efficiently advertise their distastefulness to
predators. Closely related taxa often belong to different mimicry rings, and experiments have shown
that males use colour pattern during mate recognition. Hybrids display intermediate warning
patterns that are unlikely to be recognized as distasteful. The sister species, Heliconius melpomene
and H. cydno are sympatric across much of Central and northern South America. Using model
butterflies we reveal selection against non-mimetic hybrid colour patterns between these two
species. To our knowledge, these data provide the first explicit experimental evidence of disruptive
ecological selection acting on a trait that is also used during mate recognition. In addition, by testing
mate preferences in hybrid males we demonstrate a genetic association between male mate
preference and wing colour pattern. In particular, male preference for red patterns is associated with
the locus responsible for the red forewing band. Thus we demonstrate disruptive selection acting on
a mating trait that is genetically associated with the corresponding mate preference.

r.merrill@zoo.cam.ac.uk
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Potential roles of natural and sexual selection in two avian radiations: The North American
bird genus Junco and the gray white-eye of Reunion Island

Mila B, Bertrand J?, Thebaud C?
'National Museum of Natural Sciences, Madrid, Spain, Universite Paul Sabatier, Toulouse, France

Summary statement:

Phylogeographic and ecomorphological analyses suggest the combined roles of selection and drift in
driving divergence in radiations of the avian genera Junco and Zosterops.

Abstract:

Assessing the relative importance of selection and drift is essential to understanding the processes of
divergence and speciation. Phylogeographic analysis of mtDNA sequences and AFLP loci revealed
that the radiation of the genus Junco of North America includes both recently diversified taxa of
postglacial origin and old allopatric lineages in Central America and Guadalupe Island. At least six
parapatric morphotypes of the Junco hyemalis complex diversified as a result of a recent postglacial
expansion and show marked plumage color differences against a similar ecomorphological design,
suggesting the role of sexual selection in their divergence. In contrast, J. insularis of Guadalupe Island
off Baja California shows marked divergence in mtDNA and ecomorphological evidence of adaptive
divergence. In turn, both neutral and selective factors appear to be involved in the intra-island
diversification of the gray white-eye (Zosterops borbonicus) of Reunion Island in the South Indian
Ocean, where four distinct plumage forms are found in either parapatry or sympatry in different
parts of the island. AFLP and microsatellite data have revealed genetic clusters related to elevation,
and cryptic contact zones along steep ecological gradients suggest low dispersal and the role of
strong selection in maintaining genetic discontinuities at very small spatial scales. Both natural
systems (Junco and Zosterops) provide ideal scenarios in which to test the relative roles of drift,
natural selection and sexual selection in speciation, and we are currently investigating divergence
mechanisms with the use of candidate genes and SNP libraries from next-generation-sequencing
genome scans.

bmila@mncn.csic.es
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Sperm morphology and reproductive isolation in Ficedula flycatchers

Podevin M*, Immler S?, Qvarnstrom A'
'Uppsala University, EBC, Animal Ecology, Uppsala, Sweden, “Uppsala University, EBC, Evolutionary
Biology, Uppsala, Sweden

Summary statement:

Comparison of sperm morphology in two flycatcher species and their hybrids, link to fitness and
phenotypic traits and discussion on altered spermatogenesis in the hybrids.

Abstract:

Understanding the mechanisms leading to the evolution of reproductive isolation is central in
speciation research. Despite its important role in reproductive isolation, postmating, prezygotic
isolation remains under-represented among the empirical studies of speciation. This is mainly
because of the practical difficulties to study the events happening after mating but before
fertilization. Low fertilization success in interspecific matings can occur due to (i) poor sperm transfer
and/or storage, (ii) divergence in gamete recognition proteins or (iii) low sperm competitive ability.
The latter is particularly important where females mate with both conspecific and heterospecific
males, which may lead to interspecific sperm competition. Morphological (e.g. midpiece length,
flagellum length) and functional (e.g. viability, longevity, swimming velocity and motility) sperm traits
play a crucial role for fertilization success. Here we compared sperm morphology in two hybridizing
species of flycatchers (Ficedula albicollis and F. hypoleuca) from a well-studied hybrid zone
population on the island of Oland (Sweden), in the Baltic Sea. We analyzed samples from over fifty
males of the two species, as well as some hybrid individuals. We present the association between
male phenotypic traits, sperm morphology, fertilization success, extra-pair paternity and fertilization
status of unhatched eggs. We are also discussing the role of reduced sperm production and
spermatogenesis dysfunction in explaining reduced fitness of hybrid males.

potoune99@hotmail.fr
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Rapid divergence of internal female genitalia between recently diverged sister taxa, as
revealed by a comparative study of 41 sepsid species (Sepsidae: Diptera)

Puniamoorthy N2, Meier R’

'University of Zurich, Institute of Evolutionary Biology and Environmental Studies, Zurich,
Switzerland, *National University of Singapore, Department of Biological Sciences, Singapore,
Singapore

Summary statement:

We show that the internal female genitalia are diverse in sepsid flies and we identify two fast-
evolving structures that are likely involved in post-copulatory sexual selection.

Abstract:

Numerous studies suggest sexual selection as the driving force behind the morphological diversity
and species-specificity of male genitalia in insects. In sharp contrast, the internal female genitalia
often remain poorly studied. Here, we present a comparative study of the internal female
reproductive system of sepsid flies across 41 species, representing 21 of the 37 described genera and
we test the species-specificity of the female genitalia by comparing recently diverged sister taxa. We
define 19 morphological characters and using a well-resolved molecular phylogeny based on 10
genes, we reconstruct the evolution of the female structures across the family. We also compare rate
of change in female characters with fast-evolving molecular characters (i.e. non-constant third
positions of the COI barcoding gene). We identify two structures, in particular, that evolve faster than
the rest: (1) the ventral receptacle, a secondary sperm storage organ, that accounts for more than
half of all the evolutionary changes observed; and (2) the dorsal sclerite, which is associated with the
opening of the spermathecal ducts and is distinct even among sister species. Overall, we find the
internal female genitalia are diverse in Sepsidae and fast-evolving structures like the ventral
receptacle and dorsal sclerite are likely involved in post- copulatory sexual selection.

sepsids@gmail.com
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The role of selection and drift in shaping quantitative genetic variation in male genital
morphology in Drosophila melanogaster

Schifer MA', Orozco-terWengel P?, Blanckenhorn WU*, Schiétterer C

'University of Zurich, Institute of Evolutionary Biology and Environmental Studies, Zurich,
Switzerland, 2Veterinary Medicine University of Vienna, Institute for Population Genetics, Vienna,
Austria

Summary statement:

Our population genetics approach reveals contrasting phylogenetic signals in genital size and shape
indicating distinct processes causing evolutionary change.

Abstract:

Male insect genitalia show strikingly rapid and divergent evolution in shape and complexity.
Directional or diversifying sexual selection rather than neutrality has been invoked to explain the
pattern. However, the comparative evidence for this hypothesis is still limited and remains largely
restricted to inter-species analyses focussing on long-term evolutionary changes. Here, we assessed
the relative importance of drift versus selection operating on genital shape and size by comparing
multiple natural populations of Drosophila melanogaster. Although populations were found to
harbour substantial standing genetic variation in genital shape, indicating a great potential for rapid
morphological change, shape differences between populations were much smaller than expected
under neutrality and corresponded to that of other morphological traits such as wing vein
positioning. Genital size, on the other hand, revealed a strong phylogenetic component with
cosmopolitan, European and Asian populations developing larger genitalia compared to the
ancestral, sub-Saharan populations. Our results not only implicate that shape and size variation of
the genital arch might be affected by distinct evolutionary processes, but also that rates of
morphological change are quite distinct within and between species belonging to the D.
melanogaster lineage.

martin.schaefer@ieu.uzh.ch
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Divergent selection, sexual selection, and magic traits

Servedio MR', Van Doorn GS°, Kopp M?, Frame AM*, Nosil P*

'University of North Carolina, Department of Biology, Chapel Hill, United States, *University of Bern,
Institute of Ecology and Evolution, Hinterkappelen, Switzerland, *University of Vienna, Mathematics
and Biosciences Group, Max F. Perutz Laboratories and Faculty of Mathematics, Vienna, Austria,
*University of Colorado, Department of Ecology and Evolutionary Biology, Boulder, United States

Summary statement:

The concept of magic traits is used to develop a framework that may help to determine the extent of
the importance of sexual selection in speciation.

Abstract:

The evolution of assortative mating generally, but not universally, involves sexual selection. In order
to ultimately understand the role of sexual selection during speciation it is of interest to determine
not only how often sexual selection is involved in the speciation process, but how effective it is when
itis involved. One type of trait that is though to be particularly effective in driving speciation is a
“magic trait” — a trait that is both under divergent selection and through pleiotropy leads to
assortative mating. A more thorough examination of the concept of magic traits, including how often
they may occur, how effective they may be, and how often they involve sexual selection, introduces
a framework for categorizing traits that may ultimately be useful in determining the extent of the
importance of sexual selection in speciation.

servedio@email.unc.edu



13" Congress of the European Society for Evolutionary Biology
Tiibingen 2011

Ground floor lecture hall centre HZ ¥ G) (‘"I
Essence poster E-Sy06-i009-E /

Symposium 6
Speciation by natural versus sexual selection

Speciation Genomics: Molecular evolution of asymmetric gene misregulation in hybrids
between Drosophila simulans and D. sechellia

Singh RS', Haerty W, Loomer M*
"McMaster University, Department of Biology, Hamilton, Canada

Summary statement:

These results provide support for the "Fast Sex-X-Male" hypothesis of Haldane’s Rule and speciation.

Abstract:

According to the Dobzhansky-Muller model hybrid sterility and inviability are consequence of
disruption of gene interactions due to accumulation of different allelic combinations between
diverging populations. Several studies previously reported strong variation in gene misregulation
patterns in interspecific hybrids of Drosophila simulans, D. mauritiana and D. sechellia across
development and crosses. Most analyses so far have focused on the comparison of hybrids from
different species pairs, and even though morphological variations in spermatogenesis were found
between reciprocal hybrids, no analysis have been conducted at the molecular level comparing
hybrids that differ only by the origin of their sex chromosomes and mitochondria. Here we report
results of extensive difference in gene expression between reciprocal hybrids of D. simulans and D.
sechellia using both microarray and real time quantitative PCR analyses. These results strongly
support the importance of sex-chromosome /autosomes interactions in the evolution of hybrid
incompatibilities.

singh@mcmaster.ca
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Pleiotropic effect of chemosensory genes in speciation

Smadja C'
'CNRS, Institut des Sciences de I'Evolution, Montpellier, France

Summary statement:

Coupled action of natural and sexual selection: the case of chemosensory genes

Abstract:

During the course of a speciation process, natural selection usually initiates divergence by driving the
evolution of postzygotic isolation, while sexual selection can accelerate the final stages of speciation
by promoting the evolution of non-random mating. However, the completion of speciation in the
face of gene flow depends on the efficacy at which these different components of reproductive
isolation get coupled together. Here | will present a series of multi-gene families which, due to their
function in olfactory and gustatory processes, can be involved in both habitat specialisation, habitat
choice and mate choice in phytophagous insects, and thus are susceptible to evolve under the
coupled action of natural and sexual selection. This context predicts a rapid divergence at these
genes and therefore a very favourable scenario for speciation-with-gene-flow. | will review potential
cases in nature where natural and sexual selection could jointly act on this type of genes, and | will
present current work in aphids addressing the adaptive evolution of these genes among different
host races specialised on different host plants.

carole.smadja@univ-montp2.fr
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Amphibian hybrid zones: Patterns of introgression at autosomal and sex-linked DNA-
markers in relation to divergence time and ecological niche

Stock M*, Bonato L2, Colliard C*, Dufresnes C*, Novarini N, Pio DY, Sicilia A*, Turrisi GF>, Perrin N*
1University of Lausanne, Department of Ecology and Evolution, Lausanne, Switzerland, 2University of
Padova, Department of Biology, Padua, Italy, *Museo di Storia Naturale di Venezia, Venice, Italy,
*University of Palermo, Departement of Animal Biology, Palermo, Italy, *University of Catania,
CUTGANA, Section of Nature Reserve Management, Catania, Italy

Summary statement:

Empirical speciation research, hybridization, reproductive isolation, autosomal and sex-linked
microsatellites, introgression, divergence time, ecological niche, Haldane’s rule.

Abstract:

Speciation research in amphibians can rarely examine secondary contacts of differently diverged
lineages of the same radiation. We study three lineages of green toads (Bufo viridis subgroup) in
Italy, diverged during different Plio-Pleistocene periods. Using mitochondrial, and nuclear DNA, we
examine divergence times, and interactions with autosomal and sex-linked microsatellites. Sicilian
endemic B. siculus and Italian mainland-origin B. balearicus (divergence 2.7 Mya) form a narrow (40
km) hybrid zone in NE-Sicily with limited bidirectional mtDNA introgression. Nuclear genomes barely
admix, and hybrid breakdown occurs in backcrosses. Selection against hybrids likely has intrinsic
genomic causes, possibly reinforced by adaptation to climate, as ecological niches overlap just 38%.
Thus, B. siculus and B. balearicus have evolved almost complete reproductive isolation. In contrast,
Italian B. balearicus and SE-European B. viridis, diverged only 1.9 Mya, display a wider (120 km) zone
of mtDNA introgression and considerable nuclear admixture (40 km) in the Po valley. While patterns
document successful backcrosses, transects reveal narrow clines, supporting selection against
hybridization. However, genetic clines also coincide with large rivers as dispersal barriers. Bufo
balearicus and B. viridis exhibit 27% of niche overlap, suggesting ecological adaptation might play a
greater role in the climatic transition zone of the Po valley. Newly established sex-linked
microsatellites will allow testing whether differential introgression of autosomal and sex-
chromosomal markers in these hybrid zones occurs, and if predictions from Haldane’s rule apply to
the observed patterns.

matthias.stoeck@unil.ch
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The roles of natural selection, sexual selection, climatic niche divergence and learned mate
preferences in speciation processes of odonates: a challenge to ecological speciation?

Svensson E*
'Lund University, Biology, Lund, Sweden

Summary statement:

| will discuss the the role of natural and sexual selection in speciation processes in odonates and
some findings that challenge predictions from ecological speciation theory

Abstract:

During the past decade, ecological speciation has emerged as a major paradigm in speciation
research, with an emphasis on divergent selection, adaption to ecological niches and reproductive
isolation that is a direct or indirect result of ecology. It is now widely acknowledged that natural
selection to exploit different trophic resources and adaption to different ecological environments
play an important role in several taxa, such as seed eating birds, phytophagous insects and certain
freshwater fishes. Recently, the ubiquity of ecological speciation has been challenged, however, and
several workers have pointed out that not all speciation proceeds by ecological means. Alternative
non-ecological and non-adaptive speciation mechanisms include various forms of reproductive
interactions, sexual selection, sexual conflict and learned mate preferences. Moreover, ecology
might play a more conservative role than has been assumed and ecological factors might sometimes
constrain divergence and are therefore unlikely to always lead to divergent selection (e. g. niche
conservatism). In this talk, | will discuss how natural and sexual selection, climatic niche divergence
and learned mate preferences interact in speciation processes of odonates (dragonflies and
damselflies). | will show that odonates are characterized by
(i) weak divergent natural selection,
(ii) strong sexual selection,
(iii) pronounced sexual isolation between species,
(iv) limited climatic niche divergence and
(v) an important role for learned mate preferences.
These findings challenge predictions from ecological speciation theory and call for a more pluralistic
perspective on speciation mechanisms.

erik.svensson@zooekol.lu.se
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Are you sexual? Asexual genomic signatures

Tang C', Barraclough T, Fontaneto D*
1Imperial College London, Life Sciences, Ascot, United Kingdom

Summary statement:

Are you sexual? Sex is widespread in nature, while putative and ancient asexual lineages are rare.
Here we test an indirect genomic signature to identify asexuality in rotifers.

Abstract:

Sex is a widespread phenomenon in life. Yet, there are few putative ‘ancient asexuals’ that defy the
generality of sex. In order to indirectly test for the reality of the asexuality of these organisms, we
can look for the genetic expectations of lack of sexual recombination. Some of them have already
been tested, e.g. accumulation of deleterious mutation, intra-nuclear divergence and adaptations to
resist parasites. In this study we investigate whether asexual reproduction results in congruent
evolutionary trajectories for different genetic regions.

Complete lack of sexual reproduction and genetic recombination should result in a complete linkage
of all the genome in asexual organisms. Thus, topologies of phylogenetic trees from different loci
should be congruent, or at least more congruent than in sexual organisms.

Bdelloid rotifers are the most notorious ancient asexuals and provide a unique model system to test
for the effect of sexuality, as comparative tests can be performed using their sister clade,
monogonont rotifers, cyclical parthenogens.

We test for congruence between tree topologies using different markers from different genomic
regions (cox1 mtDNA, 16S mtDNA, 18S rRNA, 28S rRNA, ITS1 rRNA, ITS2 rRNA, and histone 3) in
bdelloids and monogononts.

For the younger branches in the trees, representing those within members of coherent populations,
we expect higher congruence between different loci in bdelloids than in monogononts.

cuong.tang@imperial.ac.uk
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The function of eggspots in the haplochromine cichlid fish Astatotilapia burtoni

Theis A', Salzburger W', Egger B!
1University of Basel, Zoological Institute, Basel, Switzerland

Summary statement:

Behavioural experiments with a haplochromine cichlid show that eggspots do not serve as sexual
advertisement to attract females, but rather play a role in intrasexual interactions.

Abstract:

The perciform family Cichlidae represents the most species-rich family of vertebrates. The majority of
African cichlid species are members of a single tribe, the Haplochromini. The cichlid’s special
mouthbrooding behaviour evolved several times during evolution, but only haplochromines show a
characteristic polygynous or polygynandrous maternal mouthbrooding system with males carrying
eggspots on the anal fin. These eggspots are ovoid markings and are considered to be one of the key
innovations that could be responsible for the diversification of haplochromine cichlids. The function
of eggspots has been under experimental investigation and various hypotheses have been
formulated: eggspots could serve as egg-dummies to attract females, trigger egg laying, maximize
fertilization rates and/or work as a species recognition signal. All these hypotheses assume eggspots
to be a sexually selected trait mediated by female mate preference. Several studies, however, have
shown that secondary sexual traits are targets of inter- and/or intra-sexual selection. The aim of this
study was to uncover the function of eggspots in the species Astatotilapia burtoni on the levels of
inter- and intra-sexual selection. Our behavioural experiments show that A. burtoni females chose
randomly between males with many or few eggspots and even tended to prefer males without
eggspots. Preliminary results of ongoing male-male competition experiments indicate an important
function of eggspots in intrasexual interactions. Our results are in contrast to findings of previous
studies and suggest that eggspots have multiple functions in haplochromine cichlids.

anya.theis@stud.unibas.ch
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A potential role for sexual selection in the divergence of Tropical Pacific honeyeaters
(Myzomela)

Thomassen HA'?, Dekker RWRJ?, Smith TB?

'University of Tiibingen, Tiibingen, Germany, “University of California, Los Angeles, Center for
Tropical Research, Los Angeles, United States, *National Museum of Natural History, Naturalis,
Leiden, Netherlands

Summary statement:

Landscape genetics of Pacific island honeyeaters (Myzomela) implicate sexual selection, not natural
selection or drift as key in population divergence.

Abstract:

The relative roles of neutral and selective processes in divergence are of key interest in evolutionary
biology. Due to the many large and small islands, the Indopacific area constitutes an ideal natural
laboratory to study the different modes of diversification. It is a biotically extremely rich region, and
as a result is designated as several distinct biodiversity hotspots. It was suggested that the islands of
the Pacific are a likely source of biodiversity, rather than a sink of species that originated on the
mainland, as has long been the established hypothesis. We use landscape genetic approaches to
study the potential roles of drift, natural selection, and sexual selection to study the divergence
among island and mainland species of sexually dimorphic honeyeaters, Myzomela sp. We found that
males exhibit distinct differences between islands in plumage coloration and song, but not in other,
fitness-related morphological traits. Females did not show divergence in any morphological traits
between islands. Neither environmental heterogeneity nor oceanic barriers explained the observed
divergence in plumage coloration and song. These results suggest that sexual selection is a potential
factor in maintaining and deepening population differentiation. Sequence and microsatellite data
indicate that these populations either very recently diverged or experience ongoing gene flow, and
planned coalescence-based analyses will be useful in distinguishing these two hypotheses. The role
of sexual selection in population divergence will be further evaluated using mate choice experiments.

hathomassen@ucla.edu
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Latitudinal variation in wing colour in the green-veined white butterfly: Opposing natural
and sexual selection?

Tuomaala M?, Kaitala A', Rutowski RL?
1University of Oulu, Department of Biology, Oulu, Finland, ’Arizona State University, School of Life
Sciences, Tempe, United States

Summary statement:

Opposing natural and sexual selection may have caused sex dependent latitudinal colour variation in
the green-veined white butterfly (Pieris napi).

Abstract:

In butterflies, wing colour has a significant role in reproductive isolation and speciation because mate
location and mate choice are very often based on visual cues. In addition to being an intraspecific
signal, butterfly wing colour may play a role in thermoregulation. Wing colour can therefore be
simultaneously affected by natural and sexual selection. We investigated the roles of sexual and
natural selection in producing the latitudinal wing colour variation in the green-veined white
butterfly (Pieris napi) by studying: 1) wing surface reflectances at wavelengths from 300 to 700nm
and 2) the degree of melanisation. We expect the reflectance traits to show a pattern of variation
that suggests colour is a sexually selected trait and melanisation because of its role in heat
absorption to increase with increasing latitude. Females of P. napi were collected from locations
spanning a 960 km latitudinal range across Finland and their progeny raised from eggs they laid to
determine typical wing reflectances and melanisation for each collecting locale. Sexual dimorphism
was evident: compared to males, females reflected more incident light in short wavelengths (<
400nm) and less in the long wavelengths (>450nm) than males, and they were more melanised than
males. Among females short wavelength reflectance and melanisation increased towards north.
Among males, latitudinal variation was found only in the ventral hindwing melanisation. From these
results we conclude that the colouration of male dorsal wing surface may be used for sexual
signalling and that selection in the context of thermoregulation only affects ventral wing surface
properties.

maria.tuomaala@oulu.fi
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Anticipate and adapt to a seasonal change: a latitudinal cline in Drosophila montana

Tyukmaeva VI*
'University of Jyvaskyls, Biological and Environmental Science, Jyvaskyla, Finland

Summary statement:

Is local adaptation, being an important step in early stage of speciation, possible in presence of
unlimited gene flow? An examination of Drosophila montana latitudinal cline.

Abstract:

In the ecological speciation hypothesis reproductive isolation is suggested to be ultimately a
consequence of divergent natural selection on traits between environments, i.e. local adaptation.
Several scenarios for sympatric/parapatric speciation suggest that local adaptation plays an
important role in early stages of population divergence. One way to study the interplay of natural
selection in gradually changing environments and a diluting effect of gene flow is to trace phenotypic
and genetic divergence of overlapping populations from latitudinal clines.

One of the most critical challenges for insects living in temperate zones is to survive the cold winter
period when many species undergo diapause in which they adjust their metabolic processes in order
to survive unfavourable conditions. The correct timing of diapause represents an important factor in
evolutionary adaptation and ecological trade-offs between survival and reproduction which has been
examined in Drosophila montana, where females are able to survive through the severe winter
conditions by entering adult reproductive diapause.

| examine variation in diapause incidence in different D. montana populations along a latitudinal cline
in Finland and estimate the importance of gene flow in the formation of a clinal diapause response.
Although the results suggest a strong latitudinal cline in reproductive diapause in presence of high
gene flow, it seems that certain ecologically important genomic regions become especially adapted,
even with a effect of gene flow over the rest genome.

venera.v.tyukmaeva@jyu.fi
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Learning and character displacement in damselflies

Verzijden MN', Svensson EI'
'Lund University, Biology, Lund, Sweden

Summary statement:

Female damselflies learn to discriminate between conspecifics and others, based on male wing spots
size. This can contribute to character displacement in male wing coloration.

Abstract:

Learned mate preferences are increasingly recognized as an important study subject in sexual
selection and speciation. A well-known phenomenon in psychology, peak shift, predicts that
generalisation from learning to discriminate between two phenotypes produces preferences for
exaggerated traits. This phenomenon has recently been implicated in sexual selection, due to it’s
abilities to generate directional selection on sexual traits. Sexual selection is also key to explaining
the evolution of species’ specific traits and preferences, mediating reproductive isolation. Theoretical
models show that learning could greatly facilitates the evolution of reproductive isolation. Ongoing
evolution of species isolation in damselflies of the genus Calopteryx, provides an exciting opportunity
to test these novel ideas in the field. Calopteryx damselflies have melanised wing spots, which show
species’ specificity, and are a classic example of character displacement. | will present results of a
field study of whether, and how, Calopteryx females learn both within-species preferences and
between-species preferences based on these wing spots. | will relate this to how female preferences
may contribute to the selection gradient on male wing spots in these species.

machteld.verzijden@zooekol.lu.se
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Isotopic tracking of fossil mammal palaeoecology: implications for evolutionary biology

Bocherens H*, Drucker DG*
'Universitat Tiibingen, Geowissenschaften, Tiibingen, Germany

Summary statement:

Isotopic tracking of fossil mammal palaeoecology: implications for evolutionary biology

Abstract:

Carbon and nitrogen isotopic signatures preserved in fossil bones and teeth are linked to the ecology
of the animals while they were alive, even for specimens several dozens of thousand years old. Using
such isotopic signatures, it is possible to reconstruct the ecological niches of ancient populations of
extant species. Examples taken from herbivores (Saiga antelope Saiga tatarica, Asian Serow
Capricornis sumatraensis) or carnivores (brown bear Ursus arctos, lion Panthera leo) show that,
during the Pleistocene, these species exhibited habitat and/or dietary preferences clearly different
from those extrapolated from the modern representatives of these taxa. Such differences may be
due to differing abiotic factors, such as climate, or to biotic factors, such as available dietary
resources, competition and anthropogenic impact. Adequate knowledge of the spectrum of
ecological preferences for a given taxon is essential to understand the relationships between ecology
and evolution. We therefore recommend extended use of isotopic tracking in ancient populations of
extant mammals to evaluate properly their ecological preferences.

herve.bocherens@uni-tuebingen.de
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Life-history of the giant sauropod dinosaur Mamenchisaurus inferred from bone histology

Griebeler EM', Sander PM?, Wings O**, Fowler DW>, Henderson DM°

'Universitat Mainz, Institut fir Zoologie, Abteilung Okologie, Mainz, Germany, Universitat Bonn,
Steinmann Institut, Bonn, Germany, *Humboldt Universitat zu Berlin, Institut fur Evolutions- und
Biodiversitatsforschung, Berlin, Germany, *Universitat Tlbingen, Institut fir Geowissenschaften,
Tiibingen, Germany, >Montana State University, Museum of the Rockies, Bozeman, United States,
®Royal Tyrrell Museum of Palaeontology, Drumheller, Canada

Summary statement:

We present the first well-constrained growth curve for a sauropod individual and derive reliable
estimates of its maximum growth rate, longevity and age of sexual maturity.

Abstract:

Sauropods were the largest terrestrial animals ever. In order to understand the evolution of these
giants it is very intriguing to reconstruct their life-history. Growth patterns in dinosaurs have been
assessed by bone histology. Growth-lines are counted in long bones and are used to estimate
longevity. Growth rates have been difficult to quantify in sauropods, because histologic growth-lines
are rare and at best appear late in ontogeny. The age at sexual maturity is estimated as the inflexion
point of the growth curve. Beside recording lines, fitting series of growth-lines to mathematical
growth models is also applied to assess these life-history characteristics. Fitting is very problematic,
because (1) the number of growth marks is mostly low, and (2) growth marks in the inner part of the
bone are often lost due to the expansion of the medullary cavity.

Here, we present the first well-constrained growth curve for a sauropod, a very large individual (ca.
25 t) of the basal eusauropod cf. Mamenchisaurus from the Shishugou Formation, Junggur Basin,
China having preserved in its ulna 33 growth-lines and an unknown number in the inner part of the
bone. We establish growth curves by counting growth-lines and estimating the number of lost lines
and by applying non-linear regression analysis to estimate the maximum growth rate, longevity and
age of sexual maturity of the individual. The estimates derived from both methods are very similar.
Longevity is 40 to 50 years, age at sexual maturity is reached in the first third of life and the maximal
growth rate is similar to the rate observed in extant birds and mammals.

em.griebeler@uni-mainz.de
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Estimating divergence times Using fossil calibrations and the birth-death process

Hohna S*, Ronquist F?, Britton T*
Stockholm University, Department of Mathematics, Stockholm, Sweden, ’Swedish Museum of
Natural History, Department of Biodiversity informatics, Stockholm, Sweden

Summary statement:

We show how and when information from the fossil record can be used in addition to molecular
sequence data to accurately estimate divergence times.

Abstract:

Divergence times are frequently estimated from molecular sequence alignments. However, without
exact knowledge of the substitution rate per time (clock rate) and the molecular clock model, being
either strict or relaxed, estimates of divergence times require additional information. One way to
obtain precise estimates uses fossil calibrations.

In this project we consider two types of information from the fossil record. First, if the fossil has
extant descendants, then a fossil represents a time and the group of descending taxa. Second, if the
fossil has no extant lineage, then the fossil gives a time and ancient DNA. The second case might be
considered as serially sampled data, e.g. sequences with different ages. We base our model for
speciation and extinction on the linear birth-death process and sequences evolution under the strict
molecular clock. Extending the ordinary linear birth-death process by integrating the fossil record, we
show that it is then possible to infer accurate estimates of divergence times under perfect
conditions. Furthermore, we demonstrate under which conditions such estimates are valid or
misleading. Conditions include uncertainty in fossil times, single and multiple fossil calibrations,
model violations, number of extant taxa and sequence length.

hoehna@math.su.se
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The importance of fossils to systematic biology

Joyce WG"
University of Tiibingen, Paldobiology, Tiibingen, Germany

Summary statement:

A number of examples will be presented from various aspects of systematic biology that
demonstrate the lasting value of fossils to this field of research.

Abstract:

Systematic biology is a highly dynamic field that has changed dramatically over the course of the last
30 years, particularly through the addition of molecular data. Indeed, molecular methods have
become so refined at this point and molecular data so abundant that some have declared the use of
morphology in general and fossil in particular to be of no relevance to the field.

For this contribution | will summarize a number of examples from my own research and from that of
others that highlight the lasting importance of fossils to the field of systematic biology. Examples will
include the impact of fossils to phylogenetic analyses, the value of fossils in establishing primary
homology, the utility of fossils in establishing rates of evolution, and the unique ability of fossils to
correctly establish ancestral morphologies. As diverse as these issues are, most can be classified as
pertaining to sampling: although ever-refined techniques allow neontologists to collect ever
increasing amounts of data from extant organisms, only fossils have the potential to document
unique character state combinations that do not exist today. Fossils should generally not been seen
as a distracting source of conflict with molecular data, but rather as a sounding board that allows
testing neontologically derived hypotheses against the only true source of historical data.

walter.joyce@uni-tuebingen.de
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Phylogeny and evolution of the Macaronesian endemic moss genus Echinodium
(Echinodiaceae)

Martins S*, Sim-Sim M, Stech M?

'University of Lisbon, National Museum of Natural History (NMNH) - Botanical Garden of
Lisbon/Centre for Environmental Biology, Lisboa, Portugal, 2Universi‘cy of Lisbon, Faculty of Sciences,
Department of Plant Biology, Centre for Environmental Biology, Lisboa, Portugal, *Leiden University,
Netherlands Centre for Biodiversity Naturalis (section NHN), Leiden, Netherlands

Summary statement:

Molecular data are used to infer origin and relations of the Macaronesian paleoendemic moss family
Echinodiaceae and genetic differentiation of the extant Echinodium species.

Abstract:

Echinodiaceae, with the single genus Echinodium, is the only endemic moss family in Europe. Itis
restricted to the laurel forests (Laurisilva) of the Macaronesian archipelagos (Azores, Madeira and
Canary Islands) and considered to be a paleoendemic relict from the Tertiary period. Echinodium
comprises three extant species, E. setigerum (Madeira Island), E. spinosum (Madeira and Canary
Islands), and E. renauldii (Azores), all with a similar morphology. Fossil records of Echinodiaceae (E.
savicziae) are known from Continental Europe (Caucasus and Poland). Circumscriptions and
relationships of the extant Echinodium species remain unclear, and no closest relatives of
Echinodiaceae among the species-rich crown group of mosses, the pleurocarpous Hypnales, are
known yet. Based on molecular phylogenetic analyses using markers from all three plant genomes
and AFLP fingerprinting analyses, this study aims to address the following questions: (i) are there
closely related taxa within extant Hypnales that would allow inferences about the evolutionary origin
of Echinodiaceae, (ii) to what extent do the extant Echinodium species differ at the molecular level,
and (iii) does the molecular differentiation support the hypothesis that they are paleoendemics and
allow biogeographic inferences on the colonization history and dispersal capability between the
Macaronesian archipelagos.

ssmartins@fc.ul.pt
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Fossil-constrained molecular dating of adaptive radiations

Matschiner M*, Hanel R?, Salzburger W*
1University of Basel, Zoological Institute, Basel, Switzerland, ?Johann Heinrich von Thinen-Institute,
Institute of Fisheries Ecology, Hamburg, Germany

Summary statement:

Time-constrained molecular phylogenies shed light on triggers, dispersal mode, and phylogeography
in the large adaptive radiations of cichlids and icefishes.

Abstract:

Adaptive radiation - the evolution of ecological and phenotypic diversity within rapidly multiplying
lineages - is often though to be responsible for a great part of life on Earth. Prominent examples of
adaptive radiation, such as Darwin finches on Galapagos, and Anolis lizards of the Caribbean, are
well-investigated, yet open questions remain, e.g. why some clades radiate, and others do not.
Particularly species-rich adaptive radiations occur in fishes, where, for example the colourful family
of cichlids has diversified into over 1500 species in the Great Lakes of East Africa alone, supported by
adaptations in mouth morphology, body shape, brooding behaviour, and colouration. In the marine
realm the largest species flock can be found in Antarctic waters, where fishes of the perciform
suborder Notothenioidei (icefishes) have radiated into over 130 species along with adaptations in
buoyancy and freezing resistance. Here, we investigate the evolution of the largest lacustrine and
marine species flocks using massive molecular datasets (>100 taxa, and on a genomic scale) and
multiple cross-validated fossil constraints to resolve questions concerning the triggers of the
radiation, modes of dispersal, and their phylogeography. In particular, we find strong support for
transatlantic dispersal of cichlids, and that the evolution of antifreeze glycoproteins acted as a key
innovation for the radiation of ice fishes in Antarctica.

michaelmatschiner@mac.com
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Rates of morphological evolution in seeds: Fossils and phylogeny

Sims HJ!
1University of lowa, Geoscience, lowa City, United States

Summary statement:

Phylogeny-based estimates of morphological rates of seed size evolution capture only part of the
temporal variation documented by paleontological analyses.

Abstract:

Quantifying the evolution of morphological novelty is key to understanding relationships between
environmental change and ecophenotypic variation on geologic time scales. Seed size evolution is an
intriguing system because of the trait’s correlates with biotic (e.g., dispersal vector, growth form) and
abiotic (e.g., latitude, climate) factors. The fossil record shows that basal seed plants had small seeds
(median = 68.7 mm3) but the maximum size of extant seed plants was reached by the Mississippian
(ca. 330 million years ago). Although lower in species richness, the Paleozoic seed size distribution
was not significantly different from extant gymnosperms. However, the extremely small seeds
evolved in multiple angiosperm lineages appear to be unique to flowering plants.

| compare rates of morphological evolution (measured as change in variance of seed size among
species over time in millions of years) estimated from (1) molecular phylogenies of extant taxa; and
(2) stratigraphic ranges of Paleozoic taxa. Morphological variance is a useful metric because it is
unitless and the variance of one lineage is 0. Results from the two methods are strikingly different.
Although phylogeny-based rate estimates may be comparable to each other, results presented here
demonstrate that they do not capture a significant portion of the true temporal variation.
Specifically, phylogeny-based metrics capture only positive net change whereas paleontological
results demonstrate that morphological variance has increased and decreased repeatedly over
geologic time.

hallie-sims@uiowa.edu
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Cenozoic climate change, biogeography and diversity patterns: a diachronic perspective

Smith KT*
'Senckenberg Museum, Dept. Palaeoanthropology and Messel Research, Frankfurt am Main,
Germany

Summary statement:

A time-series of mid-latitude Cenozoic fossil localities bracketing major climatic events implies
significant range changes and a concentration of diversity into the tropics.

Abstract:

Climate shifted profoundly over the course of the Cenozoic. This era is commonly divided into an
early "greenhouse" period of warm and equable temperatures, and an "icehouse" which saw the
development large-scale glaciation on Antarctica. The Eocene in particular is bracketed by dramatic
climatic events, beginning with the Paleocene-Eocene thermal maximum and concluding with global
cooling which ushered in the icehouse climate of today.

In order to explore the influence of Cenozoic climate change on biogeography, | studied the
squamates (lizards and relatives) from a time-series of mid-latitude fossil localities that bracket the
Paleocene-Eocene and Eocene-Oligocene boundaries. The early Eocene witnesses the first
occurrence of numerous squamates lineages, particularly anguids and iguanids, whose living relatives
are largely confined to the Neotropics. These lineages evolved over the course of the Eocene and
disappear from the record around the early Oligocene deterioration.

These results support the proposition that large-scale climate change caused significant meridional
range shifts among squamates. This conclusion, in turn, implies that post-Eocene global cooling may
have influenced the latitudinal diversity gradient not only by the extirpation of warm-adapted
extratropical forms. Rather, diversity may have been concentrated into the tropics. Some taxa
presently endemic to the tropics may have had extratropical origins.

krister.smith@senckenberg.de
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Reproductive investment in moa: a K-selected life history strategy?

Werner J}, Griebeler EM*
'Johannes Gutenberg-Universitit Mainz, Institut fur Zoologie / Abt.5 Okologie, Mainz, Germany

Summary statement:

Combining biological and paleontological knowledge enables us to reconstruct species traits which
are only insufficiently or not preserved in the fossil record.

Abstract:

The exaggerated K-selected life history strategy of moa has been suggested as an important factor
causing their rapid extinction observed soon after the arrival of Polynesian colonists in New Zealand.
Classically a K-selected life history strategy is characterized by few, large offspring and low fecundity
rates. We tested i) if eggs of moa were larger than the average of similar sized birds, ii) if all moa
species had a clutch size between one and two eggs as suggested by the (sub-)fossil record and iii) we
estimated annual number of broods. Therefore, we established allometries on body mass and
different reproductive traits (egg mass, clutch mass, annual clutch mass) for extant close relatives of
moa. These were applied to moa for which information on body mass, egg mass and clutch mass
exists. Body mass and reproductive traits were highly correlated in extant close relatives. In contrast
to our expectation (i), moa had egg to body mass relations as “average” extant birds. We were
unable to rule out (expectation ii) whether they had extremely low clutch sizes (1-2 eggs, fossil
record) or rather moderate sizes (4.5 to 7.4 eggs), predicted by the allometry. Depending on clutch
size assumed, one or several (3-5) clutches per year and female are realistic for moa. The discovery of
further fossil clutches will clarify which of these two alternatives is more realistic or if both
reproduction strategies had existed in different moa species.

wernerja@uni-mainz.de
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Dating the models: robust temporal estimates of arthropod macroevolutionary events and
divergences, with a focus on model genomic species

Wheat C*, Wahlberg N°
1University of Helsinki, Bioscience, Helsinki, Finland, 2University of Turku, Biology, Turku, Finland

Summary statement:

Phylogenomic analysis of arthropod divergences provides temporal insights into key
macroevolutionary events and robust divergence estimates among the model genomic species.

Abstract:

Understanding the evolutionary history of the Arthropoda is central to understanding the tempo and
mode of evolution on Earth, as it is the largest and most diverse animal phylum. While advances in
phylogenomics have begun to clarify relationships among arthropods, parallel advances in relaxed
clock molecular dating have yet to be applied to these large phylogenomic datasets. Such analyses
are needed to investigate the Cambrian origins of arthropods and assess the subsequent
macroevolutionary events such as the colonization of land, the evolution of flight and complete
metamorphosis. Additionally, the 25 arthropod genomes currently available have yet to be
integrated into a large phylogenomic study, leaving what is arguably the largest fraction of the
research community without a robust phylogenetic and temporal foundation. Here, incorporating
the current and emerging model genomic systems into a large scale phylogenomic study (122 taxa,
62 genes), we used a Bayesian relaxed molecular clock to simultaneously reconstruct robust
phylogenetic relationships and the absolute times of divergences among the arthropods, with a focus
on the model genomic species. We also conducted simulations to assess whether our analysis could
detect a Cambrian explosion scenario had it occurred. Our analysis and simulations indicate a
Precambrian origin of the arthropods following the last ‘snowball earth’ glaciation event of the
Ediacaran (635 Mya), and significantly alter the generally accepted divergence times among
important model genomic species. These findings provide an essential, empirically based foundation
for macroevolutionary and comparative genomic study of the Arthropoda.

christopher.wheat@helsinki.fi
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Getting from one host to the next: selection, genetic variation, and macroevolutionary
pattern in complex parasite life cycles

Benesh D'
"Max Planck Institute for Evolutionary Biology, Department of Evolutionary Ecology, Ploen, Germany

Summary statement:

Concordance between optimality models, microevolutionary responses, and macroevolutionary
patterns in the life cycle evolution of a model tapeworm.

Abstract:

Many parasites have complex life cycles in which they infect multiple hosts before reproducing.
Transmission from one host to the next is a critical life history transition in these parasites, and the
optimal size and age at transmission is thought to be shaped by growth and mortality rates
experienced in the different hosts. | provide one of the few estimates of these rates for a parasite
species, the trophically-transmitted tapeworm Schistocephalus solidus, and explore their
consequences at both micro- and macroevolutionary levels. | focused on the transmission of the
worm from its copepod first host to its stickleback second host. The parasite experiences far higher
growth rates and far lower mortality rates in fish, suggesting any growth in the first host is wasted
time. Artificial selection for rapid development in the first host produced no response, indicating that
there is little potential in this species for evolutionary change in the predicted direction. Such
constraints on change seem quite persistent, as other parasite species with comparable life cycles
exhibit very similar growth and developmental rates. Even parasite taxa that have independently
evolved a copepod-fish life cycle converge on this life history strategy. Thus, using inferences from
optimality models, quantitative genetics, and macroevolutionary patterns, | conclude that particular
life history strategies are universally associated with certain life cycles, which implies highly
conserved selection pressures and/or functional constraints.

benesh@evolbio.mpg.de
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Determinants of the evolution of weediness in the Capsella genus: niche breadth and
variation of life-history traits

Caullet C*, Reboud X*, Le Corre V!
'INRA UMR BGA, Dijon, France

Summary statement:

Determinants of the evolution of weediness are studied for two related plant species, by examining
niche breadth and variation of life-history traits.

Abstract:

Identifying determinants of invasiveness and weediness —adaptation to man-made habitats- is a
major goal in plant ecology. At the macro-evolutionary scale, weediness has redundantly evolved in
numerous plant taxa. At the micro-evolutionary scale, weediness and invasiveness have been
frequently connected to habitat shifts, to particular combination of traits’ values, and/or to a higher
level of intra-specific trait variation. We present empirical data for a pair of phylogenetically close
annual species belonging to the genus Capsella (Brassicaceae), C. rubella and C. bursa-pastoris. These
two species have dissimilar geographical ranges. C. rubella grows mainly in southern Europe and
around the Mediterranean Sea, whereas C. bursa pastoris is an invasive that grows all over the world
except in the tropics. C. rubella is a diploid, whereas C. bursa-pastoris is a tetraploid. The two species
are otherwise very similar, having a nearly identical morphology and a similar reproductive system
(high selfing).

First, the niche breadth of the two species was studied in an agricultural landscape located in their
native range of sympatry (Fénay, France). C. bursa pastoris was more frequent and occurred in both
cultivated and uncultivated habitats, whereas C. rubella was found only in the less disturbed habitats.
Second, variation of life-history traits in the two species was measured in a common garden
experiment. Results showed phenotypic divergence for several traits, as well as a higher genetic
variation and higher level of plasticity in C. bursa pastoris as compared to C. rubella. Our study
contributes to the understanding of the evolution of weediness in plants.

coraline.caullet@dijon.inra.fr
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Rapid body shape differentiation in the invasive cichlid Oreochromis mossambicus

Firmat C*, Schliewen UK?, Alibert P*
'Université de Bourgogne, UMR CNRS 5561 Biogéosciences, Dijon, France, ’Bavarian State Collection
of Zoology (ZSM), Department of Ichthyology, Miinchen, Germany

Summary statement:

Body shape differentiation in a global invasive cichlid species results both from historical and
functional constraints.

Abstract:

Populations having recently invaded remote islands provide fruitful case studies to investigate the
earliest stages of differentiation and speciation. In this context, identifying the respective
implications of population relatedness, founder events and selective pressures is a key step to detect
and understand incipient bursts of phenotypic diversity. We focus on the African cichlid fish
Oreochromis mossambicus transplanted worldwide during the 20th century. We first used mtDNA
and AFLP data to establish a genetic framework among 15 populations originated from native and
invaded ranges. We then concentrate on a geometric morphometric approach to study body shape
differentiation. We aim at (1) quantifying the constraints of population histories in shaping
differentiation and (2) identifying environment-morphotype correlations possibly influencing
differentiation. Genetic analyses indicate that invasive populations stem from a common genetic
source and, as expected, exhibit a low genetic diversity. Surprisingly, shape differentiation primarily
occurs at a macrogeographic scale and with no detected correlation with local ecological variation
indicating that the phylogeographic background would mainly structure shape variation. In addition,
a major axis of the shape space characterizing both macrogeographic and inter-population
divergence is significantly related to morpho-functional traits. These traits could refer to different
swimming abilities and to a release of predation pressure in novel habitats. Overall, our results
illustrate the relevance of invasive species as models to investigate the effects of historical and
functional constraints on phenotypic divergence.

cyril.firmat@u-bourgogne.fr
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Plasticity and macroevolution: how temperature affects wing diversity

Gidaszewski NA', Debat V*
"Muséum National d'Histoire Naturelle, Systématique et Evolution, Paris, France, ’Muséum National
d'Histoire Naturelle, Paris, France

Summary statement:

We explore the role of a microevolutionary process (phenotypic plasticity to temperature of the
Drosophila wing) in the divergence of the species of the melanogaster subgroup.

Abstract:

Temperature is a major ecological factor, which has led to the evolution of the ability for organisms
to produce different phenotypes when temperature changes (phenotypic plasticity). Plasticity to
temperature is an extremely widespread phenomenon, known to evolve substantially. Yet, it was
mostly studied as a microevolutionary process, whose role in macroevolution was little explored.
The Drosophilids are a fascinating example of macroevolutionary diversity, with cosmopolitan and
specialised species, which adapted to temperature. Wing plasticity has been extensively studied,
revealing substantial evolution along latitudinal clines and among species, suggesting an adaptive
plasticity. Yet, its physiological mechanism still remains unclear and the role of plasticity in species
divergence has not been explored.

Here we explored the macroevolution of plasticity to temperature of wing morphology among the
nine species of the Drosophila melanogaster subgroup, including two subpopulations of the
ubiquitous species (D. simulans and D. melanogaster). Each species was raised at 3 different
temperatures (14°C, 21°C and 28°C), allowing us to explore shape plasticity at 2 different
temperature shifts. A morphospace was built using geometric morphometrics, to determine the
shape changes observed among temperature shifts and species and directly compare them to those
observed among species. By exploring the patterns of plasticity and macroevolution, this study
contributed to enhance the role of phenotypic plasticity as a major macroevolutionary process and
hence identifying the processes involved in the adaptation to climate change at both micro and
macro-evolutionary scales.

gidaszewski@mnhn.fr
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Selection on breeding system through multiple levels and modes

Goldberg EE
1University of lllinois at Chicago, Biological Sciences, Chicago, United States

Summary statement:

The irreversible loss of self-incompatibility, its interactions with other traits, and its effects on lineage
diversification inform and are informed by phylogenetic modeling.

Abstract:

Selection may operate simultaneously at multiple levels of evolutionary hierarchy, causing
interactions between micro- and macroevolutionary processes. We illustrate the power of
synthesizing data and methods from different scales in the study of self-incompatibility (SI)---the
ability of a plant to recognize and reject its own pollen---in the nightshade family Solanaceae.
Molecular and population genetic work indicates that after SI breakdown, fixation of self-
compatibility (SC) in a population is rapid and irreversible. Sl species in this family are consequently
connected by a continuous history of functioning Sl, and this knowledge strongly influences
macroevolutionary inferences regarding breeding system. Despite irreversible loss in this family,
phylogenetic analyses show that Sl is maintained by selection at a different level: SC is associated
with higher speciation but even higher extinction rates, so SI confers a greater rate of net
diversification. Loss of Sl can occur through two macroevolutionary modes. Within a lineage, SC
mutants may increase in frequency until the parental species is replaced, or, in association with
speciation events, rapid evolution of other traits in conjunction with SC may yield swift reproductive
isolation. New phylogenetic methods are designed to quantify the contributions of these two modes
of character change. Additional traits may also affect the evolution of Sl and lineage diversification.
Polyploidy directly causes breakdown of SI, and it provides a tractable example of how
macroevolutionary inference can be customized to and benefit from study of character interactions
and diversification.

eeg@uic.edu
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Diversification and the rate of molecular evolution in mammals

Goldie XH*, Lanfear R, Bromham L*
The Australian National University, Research School of Biology, Canberra, Australia

Summary statement:

Using phylogenetically independent contrasts of mammalian sister clades, we do not find evidence of
a link between clade size and rates of molecular evolution.

Abstract:

Recent research has indicated a positive association between rates of molecular evolution and
diversification in a number of taxa. However debate continues concerning the universality and cause
of this relationship. Here, we present the first systematic investigation of this relationship within the
mammals. We used phylogenetically independent sister-pair comparisons to test for a relationship
between substitution rates and clade size at a number of taxonomic levels. Total, non-synonymous
and synonymous substitution rates were estimated from mitochondrial and nuclear DNA sequences.
We found no evidence for an association between clade size and substitution rates in mammals, for
either the nuclear or the mitochondrial sequences. We found significant associations between body
size and substitution rates, as previously reported. Our results present a contrast to previous
research, which has reported significant positive associations between substitution rates and
diversification for birds, angiosperms and reptiles. There are three possible reasons for the
differences between the observed results in mammals versus other clades. First, there may be no link
between substitution rates and diversification in mammals. Second, this link may exist, but may be
much weaker in mammals than in other clades. Third, the link between substitution rates and
diversification may exist in mammals, but may be confounded by other variables.

xavier.goldie@anu.edu.au
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From micro- to macroevolution: What do we need to explain and how do we do it?

Hansen TF!
'University of Oslo, CEES, Department of Biology, Oslo, Norway

Summary statement:

From microevolution to macroevolution

Abstract:

| will review and present some novel statistical patterns of macroevolution based on fossil time series
and phylogenetic comparative data. | will then review what we know about important
microevolutionary parameters such as evolvability and strengths and patterns of selection. | will use
these patterns to evaluate some microevolutionary models and hypotheses for explaining
macroevolutionary change.

thomas.hansen@bio.uio.no
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The phylogenetic distribution of extinctions in Early Jurassic ammonite assemblages

Hardy C', Fara E', Laffont R', Dommergues J-L*, Neige P*
'Université de Bourgogne, Biogéosciences, UMR CNRS 5561, Dijon, France

Summary statement:

We explored new statistical methods for analyzing the role of phylogenetic relationships in the
susceptibility to extinction among Jurassic ammonites.

Abstract:

We investigate the phylogenetic distribution of past extinctions by testing them for phylogenetic
clustering (ie, species in a same clades are more extinction-prone than expected by chance). Our
study focuses on ammonites (fossil cephalopods) from the Early Pliensbachian (Early Jurassic) in
western Tethys. That part of the fossil record is suitable because it has been recently revised at the
species level and it is now associated to a phylogenetic hypothesis that includes 214 species.
Phylogenetic clustering of extinctions can be measured either (1) by computing the correlation
between two binary variables (extinction state vs. a single level of phylogenetic inclusiveness), or (2)
between a binary variable (extinction state) and a continuous node-based phylogenetic distance,
thus taking into account the entire phylogeny. For case (1), we computed the Pearson Phi correlation
coefficient for various levels of the phylogenetic hierarchy. For case (2), we computed two indices
with overall phylogenetic distances among species (Fritz and Purvis’ D (2010) and a new index based
on multidimensional scaling of a distance matrix), thus yielding a single value for the entire
phylogeny. In both cases, confidence intervals were computed by randomizing the extinction state
across species.

Results show that ammonite extinctions were significantly clustered, suggesting a strong signal from
extinction-prone clades during the Early Pliensbachian. Indices do not seem to be significantly
affected by tree balance or extinction rate. This ongoing work shall provide new insights on the
evolution of ancient marine biodiversity from a phylogenetic perspective.

clotilde.hardy@u-bourgogne.fr
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Additive genetic variance of fitness-related traits — estimation based on Bayesian animal
models and Integrated Nested Laplace Approximations (INLA)

Holand AM?, Steinsland I?, Martino S%, Jensen H*

'Centre for Conservation Biology, Norwegian University of Science and Technology, Department of
Biology, Trondheim, Norway, “Norwegian University of Science and Technology, Department of
Mathematical Sciences, Trondheim, Norway

Summary statement:

The additive genetic variance of fitness-related traits was shown to be low using a new and fast
method for inference for Bayesian animal models.

Abstract:

Estimates of the additive genetic variance of fitness-related traits (heritability) are vital in
evolutionary biology as they give insight into the potential for evolutionary change and enable us to
predict evolutionary response to selection. The animal model is a general linear mixed model
(GLMM) that enables us to identify the genetic part of quantitative traits. To do inference for
Bayesian animal models we use the recently introduced Integrated Nested Laplace Approximation
(INLA) methodology. We demonstrate that the INLA methodology can be used for many versions of a
Bayesian animal model using both simulated data and real data from natural house sparrow (Passer
domesticus) populations. Additive genetic variances of Gaussian, Binomial and Poisson likelihoods /
traits were estimated, showing low heritability of traits closely related to fitness. These results were
compared with results using MCMC (Markov Chain Monte Carlo) methods. The two methods for
inference gave similar results, but inference using INLA was significantly faster. We also introduce an
R package, AnimalINLA, which will enable evolutionary biologists and animal breeders to easily do
fast inference for Bayesian Animal models using INLA. We expect that this will aid our understanding
of evolutionary processes in natural populations and in animal breeding.

anna.holand@bio.ntnu.no
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Evolution of significant units of diversity above the species

Humphreys AM", Barraclough TG
'Division of Biology, Imperial College London, Ascot, United Kingdom

Summary statement:

We use simulations and analyses of empirical data to investigate the presence of significant,
evolutionary entities above the level of the species.

Abstract:

Integration of evolutionary processes into the delimitation of species has seen major advances in
recent years. For instance, development of algorithms for inferring the most likely species tree from
a number of gene trees has allowed identification of putative species in the presence of hybridisation
or incomplete lineage sorting. Likewise, analyses of branching patterns have been drawn upon to
delimit significant, evolutionary clusters (‘species’) from time calibrated gene trees. Clusters are
inferred at the point where coalescence shifts to speciation, thus making species delimitation
explicitly process based. ldentification of significant clusters in asexual organisms demonstrated that
processes beyond reproductive isolation, e.g. divergent selection and geographic isolation, can cause
significant clustering. This opens the possibility that the same processes can cause clustering above
the level of reproductively isolated species as well. Delimitation of higher taxa (genera, families, etc.)
is currently largely arbitrary, with no consideration of processes beyond shared ancestry (at best).
This means that the reliability of higher taxa as meaningful units of diversity is questionable. In this
talk we use simulations and analyses of empirical data to test the idea that the processes that cause
clustering at the level of the species may cause clustering at broader scales as well. We use
individual-based simulations to show under what conditions clustering above the species is expected
and what conditions preclude cluster formation. Analyses of densely sampled time calibrated trees,
for cowries (Cypraeidae) and Lepidoptera, are used to test these expectations.

a.humphreys@imperial.ac.uk
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Natural variation of vulva development among different Pristionchus pacificus isolates

Kienle S*, Sommer RJ*
'Max Planck Institute for Developmental Biology, Dept. for Evolutionary Biology, Tiibingen, Germany

Summary statement:

Gonad ablation experiments revealed natural variation of vulva development among Pristionchus
pacificus isolates. A candidate gene was mapped and is currently being tested.

Abstract:

The nematode Pristionchus pacificus has been established as a model system in evolutionary
developmental biology and evolutionary ecology. Previous studies focused on macroevolutionary
differences between the reference strains of P. pacificus (PS312) and Caenorhabditis elegans (N2). To
add a microevolutionary perspective to the evo-devo studies in P. pacificus, we isolated more than
150 different strains of the species from around the world and examined natural variation. These
strains showed high diversity, both at the molecular and the phenotypic level. One of the observed
variations involves development of the vulva specifically due to induction by the gonad. The vulva
(the egg laying organ of nematodes) develops from three vulva precursor cells (VPCs). In PS312
differentiation of the VPCs depends on a continuous and redundant Wnt signal from the somatic
gonad and the posterior of the animal. However in some of the P. pacificus strains, VPCs were still
able to differentiate after ablation of the gonad. To identify the involved loci we crossed the two
isolates showing the most extreme phenotypes. We obtained recombinant inbred lines (RILs) by
selfing individual F2 and near isogenic lines (NILs) by continuously backcrossing the RILs to PS312
animals. Gonad ablation experiments and genotyping of more than 200 RILs revealed a 430kb region
on Chromosome | associated with the VPC differentiation trait. Currently we are testing a candidate
gene in this interval by transgenesis experiments. Together, the microevolutionary perspective of P.
pacificus vulva development is an effort to integrate evo-devo studies in evolutionary theory.

simone.kienle@tuebingen.mpg.de
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Origin and diversification of the Neotropical butterflies “Taygetis” (Nymphalidae:
Satyrinae)

Matos Maravi P*, Wahlberg N*
'University of Turku, Department of Biology, Turku, Finland

Summary statement:

Diversification quantitative models reveal that the often-invoked geological events into the
Neotropical biodiversity debate had no significant effect on “Taygetis” diversification

Abstract:

It has been proposed that the enormous species richness in the Neotropics is due to a complex
interaction of factors including geological rearrangements, ecological dynamics and climate change
during the past million of years. Moreover, recent works based on molecular phylogenetics have
proposed the origin of diversity and major diversification processes to be dated mostly before the
drastic climatic oscillations during the Quaternary but often ignoring diversification rate estimates.
Based on a four gene dataset and a dated phylogenetic tree of a group of ten butterfly genera, the
so-called “Taygetis-clade” (Nymphalidae, Satyrinae, Euptychiina), we argue that although the visual
inspection through the phylogeny and Lineage Through Time (LTT) plots suggest the existence of
periods of time of major changes in lineage origination which roughly coincide with the times of
major uplift of the Andes cordillera and the termination of the long-lived Lake Pebas, two of the
most-invoked geological events into the origin of Neotropical biodiversity debate, a quantitative
macroevolutionary model reveal that actually there were no significant diversification rate shifts
across the phylogeny. We hypothesize that the origin of “Taygetis” diversity in the Neotropics might
be related to the expansion of ecological limits and the increase of limiting diversity capacity by the
availability of new potential habitats rather than drastic change in diversification patterns caused by
palaeogeographic events. Finally, we propose several systematic arrangements based on the inferred
phylogenetic relationships in the poorly understood and taxonomically chaotic “Taygetis-clade”.

pfmatos@utu.fi
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How diversification rates and diversity limits combine to create large-scale species-area
relationships (SARs)

Mclnnes L', Kisel Y*, Orme D*
1Imperial College London, Biology, Ascot, United Kingdom

Summary statement:

We present new analyses using data on the distributions, ages and traits of mammals to illustrate an
integrated perspective on the evolutionary processes shaping SARs.

Abstract:

Species-area relationships have mostly been treated from an ecological perspective, focusing on
immigration, local extinction, and resource-based limits to species coexistence. However, a full
understanding across large regions is impossible without also considering speciation and global
extinction. Rates of both speciation and extinction are known to be strongly affected by area and
thus should contribute to spatial patterns of diversity. Here, we explore how variation in
diversification rates and ecologically-mediated diversity limits among regions of different sizes can
result in the formation of species-area relationships. We explain how this area-related variation in
diversification can be caused by either the direct effects of area or the effects of factors that are
highly correlated with area, such as habitat diversity and population size. We also review
environmental, clade-specific, and historical factors that affect diversification and diversity limits but
are not highly correlated with region area, and thus are likely to cause scatter in observed species-
area relationships. We present new analyses using data on the distributions, ages and traits of
mammalian species to illustrate these mechanisms; in doing so we provide an integrated perspective
on the evolutionary processes shaping species-area relationships.

lynsey.mcinnesO1@imperial.ac.uk
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Convergence is the natural outcome of processes driving adaptive radiation

Muschick M, Salzburger W*
1University of Basel, Zoological Institute, Basel, Switzerland

Summary statement:

Convergence in body and pharyngeal jaw shape in Lake Tanganyika’s cichlid fishes show that
adaptive radiations produce convergences notwithstanding geographical settings.

Abstract:

Instances of convergence are known from replicate adaptive radiations, e.g. the recurrent
ecomorphs of Anolis lizards on Caribbean islands. Intuitively, this would not be expected from
radiations within a single continuous environment where similar species would co-occur and
compete for resources. This competitive exclusion principle, however, attracted criticism from
empirical studies and theoretical considerations and might be much less important than initially
thought. Here, we present evidence for extensive convergence in an adaptive radiation, the cichlid
fishes of Lake Tanganyika, that has taken place in a single lacustrine environment. We used a new,
well supported molecular phylogeny for 71 Tanganyikan cichlid species in conjunction with a large
set of morphological and ecological data as well as coloration patterns to detect cases of
convergence. The observed instances of convergence include naturally and sexually selected traits,
which differ in their relative importance throughout the history of the radiation. The pharyngeal jaws
of these cichlids - an important trophic trait hypothesized to be a key-innovation - show a trajectory
of shape evolution distinct from that of body shape or coloration. Possibly, these differences reflect
discernible stages of an adaptive radiation. We argue that adaptive radiations driven by ecological
speciation processes should be expected to produce convergences in general, regardless of the
geographical settings.

moritz.muschick@unibas.ch



13" Congress of the European Society for Evolutionary Biology
Tiibingen 2011

SUN 21 AUG at 1730 - upper floor campus canteen Mensa « ﬁ"l
Regular poster A5-Sy08-i010-R

Symposium 8
Predicting macroevolution from microevolution

Sexually selected traits in butterflies : Canalization in the expression of a pleiotropic
mutation

Nieberding CM', San Martin G*, Saenko S°, Brakefield PM?

'Université catholique de Louvain, Biodiversity Research Institute, Louvain-la-Neuve, Belgium,
’Leiden University, Evolutionary Biology, Leiden, Netherlands, *Cambridge University, University
Museum of Zoology, Department of Zoology,, Cambridge, United Kingdom

Summary statement:

A mutation modified pleiotropically two adaptive traits and epistatic interactions with the genetic
background likely restored the wild-type phenotype by means of sexual selection.

Abstract:

Two major adaptive traits in the tropical polyphenic butterfly Bicyclus anynana are the production of
male sex pheromone and the shape of the forewing eyespots, as these traits determine male mating
success and are under sexual selection by females. The comet mutant originally displayed modified
eyespots and sex pheromone production at all rearing temperatures, compared to wild-type males.
Here we characterized the morphological (size of the androconia, the structures producing the
pheromones, and eyespot shape), physiological (production of male sex pheromone), and
behavioural (mating success) effects induced by the comet mutation across 5 larval rearing
temperatures covering the natural range of the species (19°C to 28°C). Results reveal that a single
recessive mutational event affects largely and pleiotropically the two adaptive traits. During the
course of the experiments (across successive lab-generations), the comet phenotype reversed to wild
type at higher, but not at lower, rearing temperature. Epistatic interactions between the comet
mutation and the genetic polymorphism of wild type individuals was likely responsible for the rapid
canalization of the mutation at higher temperature. Epistatic interactions also disentangled the effect
of the mutation on the two adaptive traits, producing a range of individuals with varying degree of
phenotypic change. Sexual selection exerted by females likely drove the canalization of the comet
phenotypic effects back to normal at high, but not at lower, temperature.

caroline.nieberding@uclouvain.be
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Major processes and phylogenetic patterns of metacommunity evolution

Pontarp M*
'Lund University, Department of Biology, Theoretical Ecology, Lund, Sweden

Summary statement:

We investigate the link between eco-evolutionary processes and macro-evolutionary patterns.

Abstract:

We develop a theory of competitive metacommunity evolution and identify three major processes
responsible for the local diversification, coexistence and phylogenetic relatedness of species
assemblages. Our model community consist of a set of separate habitat patches, or island, connected
by random nearest-neighbor dispersal. Each habitat is characterized by a resource distribution along
an abstract trait axis and we use an adaptive dynamics approach to model population dynamics,
adaptation, and diversification, keeping track of the populations” ancestry through the adaptive
radiation process. Resulting communities of competitors can show varying levels of phylogenetic
clustering, i.e., the degree to which the members of a local community are closer or more distantly
related to each other than expected by chance. We show that the local rate of radiation, the rate of
invasion of existing local communities, and the rate of colonization of empty habitats together
determine whether a local community is phylogenetically overdispersed or clustered. Those three
major processes are in turn dictated by the relative strength of local and regional habitat
heterogeneity of the resource distributions. We show that high levels of phylogenetic clustering
("habitat filtering") are expected when both local habitat and regional heterogeneities are large. Low
levels of clustering ("phylogenetic "overdispersion") are expected when local and regional resource
heterogeneities are low. We also show how metacommunity properties such as species richness
patterns and phylogenetic relatedness emerge from the interplay among the three major processes.

mikael.pontarp@teorekol.lu.se
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Local adaptation in an evolutionary radiation: the role of population differentiation in
speciation of the white proteas

Prunier R', Holsinger KE?, Carlson JE?
'Michigan State University, Kellogg Biological Station, Hickory Corners, United States, *University of
Connecticut, Ecology and Evolutionary Biology, Storrs, United States

Summary statement:

Differentiation in response to environmental gradients differs at the population and species levels in
a young evolutionary radiation.

Abstract:

Adaptive radiations are responsible for much of the world’s biotic diversity and, as such, much work
has focused on understanding associations between species and their environments. However, in
order to understand the mechanisms responsible for radiations, it is important to understand how
trait-environment correlations within species are related to those among species because among-
species differences ultimately arise from among-population differences. Here we investigate a young
radiation, the white proteas (Protea section Exsertae, Proteaceae L.), to determine the degree to
which trait-environment associations at the local population level mirror those at the species level
and to assess the extent to which differences among species are an extrapolation of differences
between populations or are the result of different processes. Using a structural equation model, we
investigate the associations among seed, leaf, shoot, and root traits and the environment in
greenhouse-grown seedlings from seeds collected across the ranges of the white protea species. We
found that differentiation along a winter temperature gradient occurs primarily between species,
while differentiation along gradients of summer drought and rainfall seasonality occurs both among
populations within species and among species. In addition, species and population level trait-
environment associations were usually in opposite directions, suggesting that speciation is not a
simple extrapolation of the evolutionary processes leading to among-population differences.

prunier@msu.edu
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The evolutionary dynamics of RNA virus at different biological scales

Pybus OG"
'University of Oxford, Department of Zoology, Oxford, Turkey

Summary statement:

Abstract:

The incredibly rapid evolution of many RNA viruses and retroviruses makes it possible to study viral
genomic change though time. This enables the micro- and marco-evolution of natural viral
populations to be observed directly, helping to understand the contribution of evolution to
properties such as transmission and virulence. Further, for some viruses, a "fossil record" is available
in the form of endogenous viral elements that integrated into host genomes millions of years ago. In
this talk | will introduce new methods for measuring the rate of adaptive evolution in pathogen
populations and illustrate these with data from influenza viruses, retroviruses and the hepatitis C
virus. | will consider how the nature of viral evolution varies across short and long time-scales, and
how it differs between the within-host and among-host biological scales.

oliver.pybus@zoo.0x.ac.uk
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Evolution of floral variation mediated by pollinators in Narcissus: is there congruence
between macro and microevolutionary levels?

Santos Gally R*, Simon V?, Perez Barrales R?, Arroyo J
'Universidad de Sevilla, Biologia Vegetal y Ecologia, Sevilla, Spain, “Universidad de Sevilla,
Departamento de Biologia Vegetal y Ecologia, Sevilla, Spain, *Universidad de Sevilla, Sevilla, Spain

Summary statement:

Evolution of floral variation mediated by pollinators in Narcissus: is there congruence between macro
and microevolutionary levels?

Abstract:

Darwin’s early work on the functional and evolutionary significance of plant sexual polymorphism
has generated much interest in understanding how precise interactions between ecological and
genetic mechanisms act on the evolution and maintenance of floral diversity. Heterostyly, the
reciprocal position of the sexual organs, was considered by Darwin as a mechanism to promote cross
pollination; where the precise deposition of pollen on the pollinator’s body is crucial to promote
dissasortative mating. Because heterostyly is a convergent trait amongst at least 28 angiosperms
families, reconstruction of the evolutionary pathways including floral conditions and their
relationships to pollinator guilds could shed much light on underlying evolutionary mechanism of this
polymorphism. In this sense, work on Narcissus has been very relevant, since the genus presents a
variety of floral polymorphisms which may represent the ancestral and intermediate stages for the
evolution of heterostyly and concomitant changes in flower form. Here we present results of a
microevolutionary study on a style dimorphic species of Narcissus showing that ecological changes in
the pollinator’s fauna can lead to monomorphic populations. We then tested whether these
processes are congruent at a macroevolutionary level in the whole genus. Phylogenetic comparative
methods allowed us to explore the evolutionary association between pollinators, sex polymorphisms
and perianth form, and test whether pollinator guilds drive evolutionary transitions in floral
polymorphisms in Narcissus.

rsantos@us.es
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Evolutionary ecology of Colonization: Adaptive potential of inbred founder populations

Swillen I', Vanoverbeke J!, De Meester L*
'K.U.Leuven, Leuven, Belgium

Summary statement:

Using an experimental evolution approach, we quantify inbreeding depression and evolutionary
potential of inbred offspring of Daphnia magna in comparison to outbred offspring.

Abstract:

In cyclical parthenogens, alternating phases of clonal and sexual reproduction, a population can in
principle be founded by one individual and its clonal descendants. Although produced in large
numbers, the sexual offspring of this founder clone are,by definition the product of genetic selfing.
The combined effect of reduced genetic variation and inbreeding depression may limit evolutionay
potential and viability of the population. Yet, purging among the massively produced offspring may in
theory allow sufficient flexibility to respond to selection pressures. In this study we quantify the
potential of a single colonist of the cladoceran, Daphnia, to establish a population that harbours
sufficient genetic variation to monopolize resources in a newly colonized habitat through adaptive
evolution and thus hamper the establishment success of secondary, outbred immigrants. By exposing
laboratory populations to different selection pressures (predation, pesticides and parasites), we
quantify inbreeding depression and evolutionary potential of offspring of single clones in comparison
to outbred offspring. As such we want to assess whether large numbers of locally produced (but
inbred) offspring can harbour comparable evolutionary potential as a limited number of outbred
immigrants.

ine.swillen@bio.kuleuven.be



13" Congress of the European Society for Evolutionary Biology
Tiibingen 2011

Ground floor lecture hall centre HZ : Alll
Essence poster E-Sy08-i003-E

Symposium 8
Predicting macroevolution from microevolution

Evolution of generation-biased gene expression and the origin of the embryophyte
sporophyte

Szovenyi P', Rensing SA', Lang D', Wray GA?, Shaw JA®
1University of Freiburg, Freiburg, Germany, ’Duke University, Durham, United States

Summary statement:

Gene expression, land plants, bryophytes, alternation of generations.

Abstract:

The origin of plant alternation of generations and that of land plants are tightly coupled, and for this
reason, elucidating the genomic mechanisms associated with the origin of the multicellular
sporophyte are of fundamental importance. Toward this end we analyze gene expression differences
associated with the alternation of isogenic sporophyte and gametophyte generations in bryophytes,
extant representatives of early land plants, using a moss model system (Funaria hygrometrica) and
high-throughput next-generation expression profiling. We find that differentiation in gene expression
between the sporophyte and gametophyte generations is weaker in the bryophyte model system
than in Arabidopsis thaliana. This is in line with the basal phylogenetic position of bryophytes and
with the origin of alternating generations from a purely haplontic life-cycle. Comparative analysis of
bryophyte and Arabidopsis gene expression data shows that there is limited conservation of
generation-biased gene expression across land plants. However, genes showing shared sporophyte-
biased expression in both Funaria and Arabidopsis appear to be enriched for biological pathways
representing critical molecular adaptations to terrestrial life. Comparative analyses of Funaria and
Arabidopsis transcription factor/regulator gene expression suggest that conserved regulatory
networks are involved in growth and reproductive tissue development of the angiosperm and
bryophyte sporophyte generations despite their morphological divergence.

pis@duke.edu
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Modelling character displacement on phylogenies

Thomas GH*
1University of Bristol, School of Biological Sciences, Bristol, United Kingdom

Summary statement:

How does competition affect trait evolution on phylogenies? Using models of character displacement
| reveal distinct signals of competition driven trait evolution.

Abstract:

How do competitive interactions between related species influence trait evolution on phylogenies? |
apply previous models of two-species character displacement to the evolution of traits among
multiple interacting species on phyloegentic trees. The dynamics of trait evolution are governed by
the interplay between the intensity of species interactions, constraints and the effects of
evolutionary history (phylogeny). | show that competition can leave distinct signals in the distribution
of traits that may be detected even with data from only the phylogeny and contemporary trait
values.

gavin.thomas@bristol.ac.uk
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Community assembly, evolution and geographic scaling: From ponds to islands

Vanoverbeke J!, De Meester L, Urban MC?
'K.U.Leuven, Biology, Laboratory of Aquatic Ecology and Evolutionary Biology, Leuven, Belgium,
*University of Connecticut, Department of Ecology and Evolutionary Biology, Storrs, United States

Summary statement:

We model colonization success of multiple, competing species and compare results ranging from
local interactions to adaptive radiation on islands.

Abstract:

Depending on the spatial scale of interest, theories of community assembly differ in how much they
incorporate joint evolutionary and ecological dynamics. At regional scales, community ecologists
often overlook adaptive evolutionary dynamics and instead assume that evolution occurs at a much
lower rate than ecological dynamics. In contrast, biogeographic theories incorporate evolutionary
dynamics, but generally neglect interactions between species. Here we explore the relative roles of
ecological species sorting and evolution in multi-patch systems. Specifically, we model community
assembly when multiple competing species colonize and potentially adapt to multiple niches. By
evaluating results along a gradient in dispersal, we can evaluate the importance of evolutionary
responses along a continuum from local adaptation in adjacent habitat patches to adaptive radiation
on isolated islands. Our results indicate that the importance of adaptive evolution in determining
community assembly within patches is increasing with reduced dispersal among patches. Where at
the lowest levels of dispersal, adaptive radiation dominates our results, at intermediate levels of
dispersal our results are reminiscent of some classical examples of colonization on islands, with each
island having a distinct composition of pre-adapted species and species adaptively evolved to novel
niches. By including evolution of assortative mating, we also explore to what extent reduced gene
flow among differently adapted populations might facilitate the occurrence of reproductive isolation
and speciation in newly colonized habitats.

joost.vanoverbeke@bio.kuleuven.be
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Slow evolution of static allometries in stalk-eyed flies

Voje KL', Hansen TF?
'University of Oslo, Department of Biology, OSLO, Norway, “University of Oslo, Department of
Biology, Oslo, Norway

Summary statement:

The static allometric slope of eye span in male stalk-eyed flies evolves slowly, indicating that the
allometric slope is a potential constraining factor in adaptive evolution.

Abstract:

Proportional changes in traits following a power relationship, known as allometry, are widely
recognized and much used in explaining both micro- and macroevolutionary trends. Whether the
allometric slope is a constraining factor in adaptive evolution has been debated, but studies of the
evolvability of the slope coefficient on an evolutionary time scale are missing. We use a phylogenetic
comparative approach to disentangle the relative effects of adaptation and phylogenetic inertia
(resistance to adaptation) in the evolution of the static allometric slope of eye span in the fly family
Diopsidae. Despite a strong selection pressure, it takes approximately 3.5 million years (about 20
million generations) for the allometric slope in male flies to move half the distance from the ancestral
state to the optimum defined by the strength of sexual selection in each lineage. Our results
therefore tend to disagree with a high evolutionary flexibility of static allometric slopes.

k.l.voje@bio.uio.no
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Phylogeographic structure of Pinus densata revealed an ancient colonization history on the
Tibetan Plateau

Wang B', Mao J-F?, Gao J?, Zhao W?, Wang X-R'
'Ume3 University, Department of Ecology and Environmental Science, Umea, Sweden, %Institute of
Botany, CAS, State Key Laboratory of Systematic and Evolutionary Botany, Beijing, China

Summary statement:

Mitochondrial and chloroplast phylogeography of Pinus densata

Abstract:

Pinus densata is a successful homoploid hybrid species that occupies a habitat from which both of its
parental species are absent. Its colonization of vast areas of the southeastern Tibetan Plateau is
fascinating but not well defined. To shed light on how it colonized and became established on the
plateau, we surveyed paternally inherited chloroplast (cp) and maternally inherited mitochondrial
(mt) DNA variation within and among 54 populations of P. densata and its putative parental species
throughout their distribution. Strong spatial genetic structures of both cp and mtDNA were detected
in P. densata. A putative ancestral hybrid zone in the northeastern periphery of P. densata was
identified, and from there it is proposed that the species migrated westwards to colonize the
plateau. Along the route of colonization, consecutive bottlenecks and surfing of rare alleles caused
significant reduction of gene diversity and strong population differentiation. The direction and
intensity of introgression from parental species varied among geographic regions. The western range
of the species seems to have been isolated from seed and pollen flow for a long time. The observed
spatial distribution of gene diversity in P. densata reflects the persistence of the species on the
plateau during the last glaciation. Both ancient and contemporary population dynamics contributed
to the spatial distribution of genetic diversity in P. densata, which in turn characterizes its
evolutionary history.

baosheng.wang@emg.umu.se
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Silica - a secondary plant compound affecting population dynamics of the root vole,
Microtus oeconomus

Wieczorek M*, Zub K*, Szafrariska P*, Konarzewski M*?
"Mammal Research Institute Polish Academy of Sciences, Bialowieza, Poland, %Institute of Biology
University of Bialystok, Bialystok, Poland

Summary statement:

Silica in plants as a potential selection factor driving population dynamics of the root vole, Microtus
oeconomus.

Abstract:

It has been hypothesized that secondary plant compounds may drive dynamics of rodent
populations. To test it we analyzed the relationship between concentration of silica in the fibrous
tussock sedge (Carex appropinquata) and density of the root vole population (Microtus oeconomus),
enclosed in natural habitat. Our results showed that there was a delayed-density dependence of
silica concentration in plants. Intense grazing during peak densities of voles induced high rates of
silica deposition in sedges. Conversely, low intensity of grazing resulted in a low levels of silica in
plants. Correspondingly, there was a delayed-density dependence in body mass- corrected resting
metabolic rate (RMR) of voles. We hypothesize that this was driven by changes in metabolic costs of
maintenance of voles’ guts, and reflects metabolic costs of repair of guts’ damage and reduction of
nutrient absorption incurred by abrasive properties of silica.

Considering a potentially adaptive role of physiological mechanism, we also evaluated the genetic
component of variation in RMR. The highest narrow sense heritability of RMR was found when past
high abundance of voles induced high levels of silica in plant food. Our results suggest that silica may
act as a selection factor driving population dynamics of voles.

mwieczorek@zbs.bialowieza.pl
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Unequal evolutionary lability between abdominal and caudal vertebral numbers in a fish
Oryzias latipes

Yamahira K*
'University of the Ryukyus, Tropical Biosphere Research Center, Okinawa, Japan

Summary statement:

Field collections and lab experiments suggested that unequal evolutionary lability between
abdominal and caudal regions may have restricted morphological diversification of a fish.

Abstract:

Because body axes of fish consist of two anatomically distinct vertebrae: abdominal and caudal, one
type may be more variable in number than the other and thus contribute more to morphological
diversification. Vertebral observations of wild populations of the medaka (Oryzias latipes) revealed
that the number of abdominal vertebrae increases with increasing latitudes, whereas caudal
vertebrae do not vary systematically across latitudes. Laboratory experiments revealed that this
latitudinal cline in abdominal vertebral number persists in a range of common environments,
suggesting local adaptation of abdominal vertebral numbers. Offspring-midparent regressions
demonstrated substantial heritability of abdominal vertebral numbers in each of two latitudinally
extreme populations, whereas the heritability of caudal vertebral numbers was not significant.
Moreover, the genetic correlation between abdominal and caudal vertebral numbers was very weak.
These results indicate that abdominal and caudal vertebrae are controlled by separate
developmental modules, and that they can evolve independently. The weak heritability of caudal
vertebrae suggests that the evolution of caudal vertebrae may be restricted, causing unequal
evolutionary lability between abdominal and caudal regions. This genetic constraint may have
restricted morphological diversification of not only this fish but also the order Beloniformes as a
whole.

yamahira@lab.u-ryukyu.ac.jp
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Ecological genomics of the recent Spartina hybrids and allopolyploid invading salt-marshes

Ainouche ML, Chelaifa H'?, Ferreira de Carvalho J*, Bellot S*?, Salmon A*
'University of Rennes 1, Rennes, France, >URGV, Evry, France, *University of Munich (LMU), Munich,
Germany

Summary statement:

Spartina, hybridization, polyploidy, transcriptome evolution, ecological genomics, microarrays, next-
generation sequencing.

Abstract:

Hybridization and polyploidy represent recurrent and ongoing processes in natural populations of
genus Spartina (Poaceae, Chloridoideae). This genus offers then an excellent opportunity to explore
the genomic consequences of reticulate evolution and genome duplication at various evolutionary
time scales. In the last years, various lines of data were gathered on the genetic context of the hybrid
and allopolyploid formation in natural populations, phylogenetic relationships among polyploid
lineages and genome evolutionary dynamics of recent European hybrids S. x neyrautii and S. x
townsendii and its allopolyploid derivative S. anglica. Genome expression evolution resulting from
hybridisation and polyploidy was investigated in controlled environmental conditions using
heterologous Oryza sativa microarray, which revealed various non-additive parental expression
patterns, including maternal expression dominance and transgressively expressed genes that include
stress- and growth-related genes. We are now exploring utility of next-generation sequencing to
develop Spartina-specific genome analysis tools, in order to (i) identify homeologous gene copies
from the different duplication events in the hexaploid parental species and their allo-dodecaploid
derivative (ii) explore the deepest history of polyploid Spartina lineages (iii) to investigate repetitive
genomic components of the genome which are most likely target to epigenetic regulation following
allopolyploidy and (iiii) develop genome expression analyses targeting ecologically relevant genes
suspected to be involved the adaptive success of the invasive Spartina anglica that has colonised a
vacant niche on the salt-march.

malika.ainouche@univ-rennesl.fr
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The association between polyploidy and clonality in Chamerion angustifolium

Baldwin SJ*, Husband BC
University of Guelph, Integrative Biology, Guelph, Canada

Summary statement:

This study involves a fine-scale comparison of the abundance, genetic divergence, and spatial
organization of diploid and tetraploid clones of the plant, Chamerion angustifolium

Abstract:

Since the beginning of the 20th century Evolutionary Biologists have observed a strong association
between polyploidy and asexuality. Although repeatedly confirmed with vegetation surveys, the
reason for this association is unknown. The most common hypothesis is that populations with
asexual reproduction are more likely to produce polyploid populations since asexuality circumvents
many barriers to establishment (i.e. mate limitation and between-ploidy mating). It is also possible
for polyploidy to increase asexuality directly through genome duplication or indirectly through
selection. In this study we examine the size and diversity of clones in the mixed-ploidy, clonal species
Chamerion angustifolium by addressing the following three questions. First, is asexuality through
clonality greater in tetraploids than in diploids? If genome duplication promotes asexuality we expect
fewer clones and less genetic similarity between clones in tetraploids than in diploids. Second, is the
spatial organization of clones different between ploidies? If there is selection against between-ploidy
mating during polyploid establishment, we expect more clumping in tetraploid clones than in diploid
clones. Third, is genetic variation larger in tetraploids than in diploids? We expect greater genetic
diversity in tetraploids because of increased Ne. From each of nine sites in the Canadian Rockies
(three diploid, three tetraploid and three mixed-ploidy) we collected approximately 100 ramets along
10m2 grids. AFLP genotypes and ploidy were then determined. This will be the first study to
empirically test the degree and nature of clonality between ploidies in a natural population.

sbaldwin@uoguelph.ca
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Genome size variation along the altitudinal gradient in Mercurialis perennis L.

Cvetkovic D', Jovanovic V, Blagojevic J?
'Faculty of Biology, University of Belgrade, Belgrade, Serbia, ’Institute for Biological Research,
University of Belgrade, Belgrade, Serbia

Summary statement:

Genome size was positively correlated with altitude in Mercurialis perennis L. (Euphorbiaceae)
populations representing the largest part of its altitudinal range (190-1730m asl).

Abstract:

Background and aim: Intraspecific genome size variation in plants has been subject to considerable
research interest. Correlations of genome size with various ecological and geographical variables, and
specifically with altitude, were analysed in numerous plant taxa, but the results were often
contradictory. The aim of present study was to examine intraspecific genome size variation in
Mercurialis perennis L. (Euphorbiaceae) along the altitudinal gradient. Mercurialis perennis is a
dioecious perennial with wide geographic and altitudinal distribution in Europe. It is known as the
example of cytogenetic diversity; more than 40 cytotypes were described, with 2n =42 —112.
Methods: We analyzed samples from 11 populations from Serbia, representing altitudinal range from
190 to 1730m a.s.l. Genome size was estimated using flow cytometry on fresh leaf material.
Chromosome counts were done on material obtained from root tips.

Results: Mercurialis perennis has shown remarkable intraspecific variation in genome size along the
analysed gradient; the mean DNA content differed up to 1.3-fold. Genome size showed significant
positive correlation with altitude; higher values were found in montane populations compared to
lowland ones. Considering ploidy-level variation, our results reveal that octoploids are most
represented. Chromosome numbers varied in populations at all altitudes (total range 51-74);
although higher numbers were found in montane populations, this difference was not significant.
Conclusion: genome size was positively correlated with altitude in Mercurialis perennis populations
representing the largest part of its altitudinal range (190-1730m a.s.l.).

dragana@bio.bg.ac.rs
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Overcoming the multiple gene copy problem in polyploid genomics with next-generation
sequencing of barcoded amplicon mixtures

Griffin PC'%, Robin C*, Hoffmann AA"?

1University of Melbourne, Department of Genetics, Parkville, Australia, U niversity of Neuchatel,
Institute of Biology, Neuchatel, Switzerland, *University of Melbourne, Department of Zoology,
Parkville, Australia

Summary statement:

We present a simple method for obtaining all alleles from multiple-copy genes in multiple taxa using
454 sequencing, demonstrated in 60 individuals from 11 polyploid Poa species.

Abstract:

Molecular phylogenetic and population genetic studies of polyploid organisms have been limited in
the past. Sequencing multiple-copy nuclear genes by Sanger sequencing has usually required
expensive and low-throughput bacterial cloning. We demonstrate that next-generation sequencing
of a simple barcoded amplicon mixture can reliably sample all alleles of homeologous loci in multiple
individuals of multiple polyploid taxa. This next-generation sequencing method is more affordable
than and at least as reliable as bacterial cloning. It could be applied to any experiment involving
sequencing of amplicon mixtures.

Using 64 3-bp barcodes, we successfully sequenced three chloroplast and four nuclear gene regions
(each of which contained two gene copies with up to two alleles per individual) in a total of 60
individuals across 11 species of sympatric Australian alpine Poa grasses. This method had high
replicability, a low sequencing error rate (after appropriate quality control) and a low rate of missing
data. Our results support a common allotetraploid ancestor for all Australian alpine Poa species.
Extensive allele sharing is evident among species and so we recommend that the current taxonomy
be re-examined, but co-estimation of gene and species trees with the *BEAST software revealed
some species and geographic structure. We also detected hypermutation in the trnH-psbA
chloroplast marker, suggesting it should not be used as a land plant barcode region.

pip.griffin@gmail.com
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Evolutionary dynamics of polyploidy: Insights from synthesized polyploids

Husband BC'
University of Guelph, Integrative Biology, Guelph, Canada

Summary statement:

Experiments involving synthetic polyploids have provided new insights into the evolutionary
dynamics and ecological attributes of polyploids in natural plant populations.

Abstract:

Polyploidy, or whole genome duplication, has occurred repeatedly throughout the diversification of
plants and animals and is widely viewed as a rapid mechanism of speciation and adaptation.
However, the population processes by which polyploids arise and establish, and the role of genome
duplication versus selection in driving ecological divergence and reproductive isolation, are poorly
understood. Here, | describe an ongoing research program into polyploid evolution in the perennial
plant, fireweed (Chamerion angustifolium, Onagraceae). Using synthesized polyploids along with
field experiments and genetic markers, a dynamic picture is emerging in which polyploids arise at
high frequencies within diploid populations, and their establishment is facilitated by assortative
mating, mediated by reproductive and ecological divergence. Surprisingly, experimental research
using synthesized polyploids reveals that divergence in reproductive and ecological traits is not fully
established through the genome duplication. Rather, selection after genome duplication may be just
as important and may occur at altered rates in polyploids. Our results suggest that the common
portrayal of polyploid speciation is perhaps an oversimplification and underestimates the importance
of the interaction between selection and genome duplication in guiding the evolution of species
divergence.

bhusband@uoguelph.ca
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Population genetic study of an asexual bdelloid rotifer species and its gene expression
pattern in response to desiccation and radiation

Li X*, Hespeels B*, Flot J-F*, Van Doninck K*
'University of Namur (FUNDP), Biology, Namur, Belgium

Summary statement:

Population genetic study of the asexual bdelloid rotifer Adineta vaga and its gene expression pattern
after rounds of desiccation and radiation.

Abstract:

Rotifers of the class Bdelloidea are abundant micro-invertebrates well known for their remarkable
ability to survive desiccation at any stage in their life cycle and their long-term persistence as obligate
asexuals. Moreover, they are extraordinarily resistant to ionizing radiation, being able to resume
reproduction after a dose of radiation that causes hundreds of DNA double strand breaks (DSBs).
Sequencing of selected genomic regions has demonstrated that bdelloid rotifers are degenerate
tetraploids, and the two colinear chromosome pairs have been proposed to act reciprocally as
templates for the repair of DNA double-strand breaks that may occur after desiccation (see Poster
Hespeels et al.). Desiccation is a phenomenon that bdelloid species experience frequently in the
semi-terrestrial environments they inhabit. It has also been postulated that desiccation and improper
DNA repair may create genetic variability.

However, population genetic studies are still lacking for natural bdelloid rotifer populations.
Therefore, we used mitochondrial cytochrome c oxidase subunit | (COI) gene and microsatellites
developed by 454 sequencing to study the genetic diversity and population genetic structure of
bdelloid rotifer species Adineta vaga in various natural mosses and lichens.

Furthermore, we took advantage of the ongoing de novo sequencing of the complete genome of A.
vaga to investigate which genes are expressed by bdelloids in response to desiccation and radiation.

xiang.li@fundp.ac.be
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Genome duplication in amphibians and fish: An extended synthesis

Mable BK', Alexandrou MA?, Tayolor MI*

'University of Glasgow, Institute of Biodiversity, Animal Health & Comparative Medicine, Glasgow,
United Kingdom, “Bangor University, Environment Centre Wales, Molecular Ecology and Fisheries
Genetics Laboratory, Bangor, United Kingdom

Summary statement:

Geographic, ecological, and phylogenetic distributions of sexually reproducing polyploid fish and
amphibians are reviewed to assess what drives their formation and establishment.

Abstract:

Whole genome duplication (WGD) is widely accepted as an important evolutionary force in plants,
but is less recognised as a driver of animal diversification. We review the current geographic,
ecological, and phylogenetic distributions of sexually reproducing polyploid fish and amphibians (the
vertebrates for which polyploidy is most common) and question what factors drive their formation
and establishment. We find that although polyploidy is phylogenetically restricted in both taxonomic
groups, difficulty of detection could mean that it is more frequent than documented. The diploid
ancestors of polyploids in both groups are characterized by external reproduction in freshwater
environments, where variation in temperature during the breeding season would be common. Since
polyploidy can be experimentally induced through unreduced gamete formation by temperature or
pressure shock, this could enhance the rate of polyploid formation. In addition, the production of
large numbers of gametes and group breeding in relatively confined areas could increase the
probability of compatible gamete combinations. Although the relative rates of autopolyploidy and
allopolyploidy are unknown, both groups have a propensity to form reproductively successful hybrids
and to retain duplicate genes following WGD. Unlike plants, we find no clear association of sexually
reproducing polyploids with range expansion, harsh environments, pathogen responses,
physiological adaptations, or risk of extinction, which could suggest that stronger correlations in
plants may be driven by shifts in mating system more than ploidy. However, insufficient data
currently exist to test this hypothesis.

barbara.mable@glasgow.ac.uk
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Genomic assessment of sequence divergence and expression levels in sexual vs asexual
lineages of a New Zealand snail

Neiman M*
'University of lowa, Biology, lowa City, United States

Summary statement:

Comparisons of sequence divergence and expression levels among EST libraries from 2 sexual and 2
asexual lineages of a New Zealand snail reveal few initial major differences.

Abstract:

While sexual reproduction has been the subject of substantial inquiry in evolutionary biology, how
sex affects genomic evolution and expression remains largely unstudied, especially in closely-related
sexual and asexual non-model systems. Here, we used high-throughput next-generation sequencing
of cDNA libraries generated from 2 sexual and 2 asexual lineages of Potamopyrgus antipodarum, a
New Zealand freshwater snail that has become a natural model for the study of sex, to perform an
initial assessment of how sex affects sequence evolution and gene expression. After de novo
assembly of 20066 contigs and sequence-similarity-based annotation of 3190 contigs, we compared
contig expression between sexual and asexual populations in order to identify genes putatively
underlying the difference in reproductive mode. We found that 239 contigs were differentially
expressed between sexuals and asexuals, with overexpression documented in 169 contigs in sexuals
and in 70 contigs in asexuals. An analysis of gene ontology enrichment amongst the differentially
expressed genes showed that genes involved in protein catalysis were relatively overrepresented,
but that there was no difference in the extent of overexpression between sexual and asexual
transcriptomes. We also did not detect any relationships between across-lineage sequence
divergence and differentiation of expression levels, suggesting that changes in gene regulation — if
any- have occurred independently of changes in DNA sequence.

maurine-neiman@uiowa.edu
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Exploring Bayesian segregation analysis with simulated data: SSR inheritance patterns in
the tetraploid plant Bromelia antiacantha (Bromeliaceae)

Pinheiro FG', Zanella CM?, Goetze M?, Buttow MV?, Janke A?, Bered F?
'Universidade Federal do Rio Grande do Sul, Estatistica, Porto Alegre, Brazil, Universidade Federal
do Rio Grande do Sul, Genética, Porto Alegre, Brazil

Summary statement:

We explore Bayesian allelic segregation analysis through virtual progenies intending to discriminate
loci inheritance patterns and infer polyploid origin of Bromelia antiacantha.

Abstract:

Polyploidy is an important phenomenon for evolution in plants. The investigation of inheritance
patterns of molecular markers through allelic segregation analysis is a reliable alternative to
discriminate between tetrasomic and disomic inheritance, which indicates autopolyploid or
allopolyploid origins respectively. Bayesian procedures are an appropriate way to access inheritance
patterns since the results obtained are not biased. However, its limitations remain poorly explored,
e.g. how a specific allelic combination between parents, which represents a crossing type, can affect
the method performance. The aim of this study was to find, through virtual progenies, the crossing
types between tetraploid parents that can be correctly identified by Bayesian segregation analysis, as
well to determine the appropriate number of individuals in their progenies. Also we intend to infer
the polyploidy origin of a tetraploid B. antiacantha by analyzing the allelic segregation of
microsatellite markers in progenies of controlled crossings. The meiotic behavior and pollen viability
will be analyzed in order to support the segregation data. The results from simulations showed that
the accuracy of Bayesian segregation analysis is affected proportionally by the number of exclusive
alleles in parents. Moreover, the number of plants required is inversely proportional to the test
accuracy. Until the moment, 24 individuals from a single cross and their parents were genotyped
with two SSR loci and each marker points significantly to an opposite inheritance pattern. The mean
pollen viability was 97.72 £ 0.2% which suggest an apparent regular meiosis to be confirmed with the
meiotic analysis.

pinheirofg@gmail.com
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Cytogenetic diversity and ploidy variation in diploid and polyploid Limonium species

Réis A', Espirito-Santo D', Sharbel TF?, Caperta AD"

YInstituto Superior de Agronomia, Technical University of Lisbon, Seccao de Genética, Centro de
Botanica Aplicada a Agricultura, Lisbon, Portugal, ’Leibniz Institute of Plant Genetics and Crop Plant
Research (IPK), Apomixis Research Group, Dept of Cytogenetics and Genome analysis, Gatersleben,
Germany

Summary statement:

Chromosome diversity and ploidy variation within populations is demonstrated for diploid and
polyploidy Limonium species revealing high diversification within these complex groups.

Abstract:

The genus Limonium Miller, a taxonomically intricate group, is the most species-rich in the
Plumbaginaceae comprising sexual and apomictic herbs and subshrubs. Individuals from the L.
ovalifolium complex have been described as sexual, whereas those from the L.multiflorum were
reported as apomictic. Previous studies have shown that polyploid apomictic species present
karyological polymorphisms that were used to infer their ploidy levels. We conducted a detailed
characterization of 9 Portuguese populations from sexual and apomictic species through cytogenetic
analysis and flow-cytometry screens in leaves and seeds. Our studies revealed a surprisingly intra-
and inter-population diversity in terms of chromosome morphology, number, and ploidy variation,
both in sexual as in apomictic accessions. Chromosome peculiarities such as variable numbers of
small chromosomes or presence of chromosomes with a “rod-like” morphology were detected in
both species complexes. Fluorescence in situ hybridization revealed correlations between ploidy
levels and numbers of rDNA loci in sexual and apomictic taxa. Although most L.ovalifolium individuals
are found to be diploids, we unexpectedly detected some aneuploids and triploids. Also in
L.multiflorum, usually described as an apomictic and polyploid species, we observed intra- and inter-
population variation concerning ploidy level. The most striking observation was the identification of
diploid individuals in some L. multiflorum accessions. The coexistence of different cytotypes and
intraspecific variation concerning ploidy level reveal high diversification in these complex groups.

anarois@isa.utl.pt
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Transposable elements in allopolyploid wild wheats and potential genomic conflicts at
hybridization

Senerchia N*, Parisod C*, Felber F*
1University of Neuchatel, Neuchatel, Switzerland

Summary statement:

Artificial crosses and TE fraction analysis in allopolyploid wild wheats characterize potential genomic
conflicts at hybridization.

Abstract:

Allopolyploidy is a fascinating model that associates interspecific gene flow and genome
reorganization. Transposable elements (TE) are highly mutagenic, repressed by various epigenetic
mechanisms, and are postulated to induce genomic conflicts at hybridization. TE activation can
trigger structural and epigenetic modifications, thus playing a central role in fuelling genome
reorganization and reproductive isolation during polyploid speciation. Using Aegilops allotetraploid
species, we intend to evaluate how TE-induced genome reorganization influences hybrid viability and
stability. Reciprocal and spontaneous crosses between pairs of species in experimental sympatry
were done. In the same time, TE genome fraction has been characterized for Ae. cylindrica and Ae.
geniculata using 454 massive sequencing of shotguned DNA. We then developed specific
bioinformatic tools to analyze short sequences (~1°300°000 reads of ca 380bp) corresponding to
known TEs. Reciprocal crosses revealed asymmetrical hybridization rates supporting the genome
conflict hypothesis. TE-fraction analysis detected specific differences in TE content. The most
abundant TEs are considered as having influenced recent genome evolution and those TEs showing
dissimilar distribution between a species are postulated to be major candidates for inducing genome
conflicts at hybridization. Future work will assess genome reorganization in artificial hybrids and
introgression between wild populations in order to better understand the impact of TEs on
interspecific gene flow.

natacha.senerchia@unine.ch



13" Congress of the European Society for Evolutionary Biology
Tiibingen 2011

MON 22 AUG at 1730 - upper floor campus canteen Mensa « ﬁ"l
Regular poster B5-Sy09-i005-R

Symposium 9
Polyploid ecological genomics

Polyploidization induced genomic and epigenetic restyling in the wheat-rye system

Tomas D', Bento M*, Gustafson JP?, Viegas W", Silva M*
'CBAA, Instituto Superior Agronomia, Technical University of Lisbon, Tapada da Ajuda, Lisboa,
Portugal, “Curtis Hall, University of Missouri, Columbia, United States

Summary statement:

Genomic restructuring of retrotransposon and microsatellite sequences and epigenetic remodeling
of rDNA in triticale and wheat-rye addition lines.

Abstract:

Polyploidization is a major evolutionary process where two or more genomes are joined into the
same nucleus. Sharing of the same nuclear environment leads to genetic and epigenetic
modifications that are involved in polyploids higher geographic dispersion.

The synthetic intergeneric allopolyploid triticale results from the hybridization of wheat (Triticum
ssp.) and rye (Secale cereale L.) and is used as the starting point to the production of wheat lines with
the addition of rye chromosomes. The maintenance and stability of rye chromatin in the wheat
background is correlated with the amount of heterochromatin introgressed.

We used PCR-based methodologies to assess genetic rearrangements in triticale and wheat-rye
addition lines involving repetitive genome fractions, namely retrotransposon, microsatellite and
rDNA. Comparative analysis of the banding profiles disclosed higher levels of sequence elimination in
the addition lines comparatively to triticale, involving preferential elimination of rye-origin bands.
rDNA sequences presented however a distinct dynamics since wheat-origin rDNA spacer sequences
seem to be lost in the presence of rye rDNA loci. rDNA transcription levels were also evaluated
through Real Time quantitative PCR revealing distinct levels of wheat- rDNA transcription between
wheat lines with different rye chromosomes. The results obtained emphasize the role of genome
rearrangements and epigenetic remodeling in polyploid evolutionary success and in the ability of
hybrid genotypes to colonize new environmental niches.

dianarstomas@isa.utl.pt
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Simultaneous Mendelian and clonal genome transmission in an all-triploid vertebrate

Ustinova J*, Stock M?, Colliard C?, Schartl M?, Moritz C*, Perrin N2

Karlsruhe Institute of Technology (KIT), Zoologisches Institut I, Lehrstuhl fir Zell- und Neurobiologie,
Karlsruhe, Germany, “University of Lausanne, Department of Ecology and Evolution, Lausanne,
Switzerland, 3University of Wiirzburg, Lehrstuhl fiir Physiologische Chemie |, Theodor-Boveri-Institut,
Biozentrum, Wirzburg, Germany, ‘U niversity of California, Berkeley, Museum of Vertebrate Zoology,
Berkeley, United States

Summary statement:

Polyploid speciation, vertebrates, hybridization, triploidy, reproductive modes, extreme
environment, selection

Abstract:

Meiosis in triploids faces the seemingly insuperable difficulty of dividing an odd number of
chromosomes by two. Triploid vertebrates usually circumvent this problem either through asexuality,
forms of hybridogenesis, or meiotic hybridogenesis, which involves a reproductive community of
different ploidy levels and genome composition. Batura toads (Bufo baturae), however, present an
all-triploid sexual reproduction and a new reproductive mode in vertebrates (“pre-equalizing hybrid
meiosis”). This hybrid species has two genome copies carrying a nucleolus-organizing region (NOR+)
on chromosome 6, and a third copy without it (NOR-). Males only produce haploid NOR+ sperm,
while ova are diploid, containing one NOR+ and one NOR- set (Stock et al. 2002). Here we conduct
sibship analyses with co-dominant microsatellite markers (i) to confirm the purely clonal and
maternal transmission of the NOR- set, and (ii) to demonstrate Mendelian segregation and
recombination of the NOR+ sets in both sexes. The coexistence of two genomes with respectively
Mendelian and clonal inheritance might conjugate the benefits of sexuality (preventing Muller’s
ratchet) and asexuality (preserving beneficial epistatic interactions), and thereby be favored in the
harsh conditions inhabited by Batura toads (high mountain deserts), where selection stems mostly
from the abiotic environment.

First and second author: equaly contribution

iana.ustinova@kit.edu
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The success story of invasive androgenetic, poplyploid Corbicula clams

Van Doninck K*, Pigneur L-M?, Etoundi E>, Marescaux J*, Descy J-P*
'University of Namur (FUNDP), Biology, Namur, Belgium, *University of Namur (FUNDP), Biology
(URBO), Namur, Belgium

Summary statement:

Androgenesis in invasive Corbicula clams can induce cytoplasmic-nuclear phylogenetic discordance
and egg parasitism.

Abstract:

Clams of the genus Corbicula are native to Africa, Australia, Asia and the Middle East but they are
also successful aquatic invaders in America and Europe. The genus Corbicula includes sexually
reproducing species as well as hermaphrodites reproducing by androgenesis, a peculiar “all-male”
asexual mode of reproduction. In androgenetic Corbicula clams, an unreduced sperm fertilizes the
oocyte and maternal chromosomes are extruded as two polar bodies. As a consequence, the whole
nuclear genome of the descendant is inherited from the father.

We investigated the phylogenetic relationships of Asian, American and European Corbicula
populations combining morphometrics, mitochondrial gene sequencing, microsatellite analysis and
reproductive data. Due to androgenesis, mitochondrial-nuclear mismatches were found. They may
result from “egg parasitism” when a spermatozoon from one lineage fertilizes the egg of another
lineage. The maternal chromosomes of that second lineage are expelled but the mitochondria and
other organelles are retained, resulting in discrepancies between nuclear and mitochondrial
phylogenies. This phenomenon challenges species delimitation and can be misleading for
phylogenetic relationships. Furthermore, we emphasize the role of androgenesis and ploidy in their
invasion ability, regarding that androgenetic Corbicula taxa are widespread while their sexual
relatives seem restricted to their native areas. Our latest results, part of it accepted recently for
publication in BMC evolutionary biology, will be presented here.

karine.vandoninck@fundp.ac.be
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Genes, jeans, and genomes: exploring the mysteries of polyploidy in cotton

Wendel JF!
'lowa State University, Ecology, Evolution, and Organismal Biology, Ames, United States

Summary statement:

Allopolyploidy sets in motion novel evolutionary trajectories enabled by a combinatorially more
complex regulation of a suddenly doubled complement of genes.

Abstract:

Gossypium includes allopolyploids arising from a reunion1-2 MYA of diploids from different
hemispheres. This merger generated a spectrum of genomic responses, including gene silencing,
intergenomic gene conversion, and genome-wide disruption and reconciliation of ancestral gene
expression patterns. Allopolyploid formation induces massive alteration in gene expression and
complex transcriptomic responses, including genomic dominance and novel (transgressive)
expression patterns. Expression alteration of duplicated genes (homoeologs) is temporally
partitioned into immediate and longer term effects, e.g., neofunctionalization and
subfunctionalization. Expression is biased toward the paternal D-genome, demonstrating unequal
contribution of two genomes to the transcriptome. We are exploring gene expression during cotton
fiber development and evolution, taking advantage of a phylogenetic framework and the opportunity
offered by multiple, parallel domestications of different wild progenitors by aboriginal peoples in
both Africa-Asia and Mesoamerica. The fiber transcriptome is extraordinarily complex, with
homoeolog expression varying widely even at the level of development and maturation of a single
cell. Most homoeolog expression bias reflects polyploidy rather than domestication, but
domestication has increased expression bias in fibers towards the D-genome. We are exploring the
functional consequences of gene duplication in cotton and the possibility of novel gene recruitment
following genome doubling. This work provides insights into the genetic architecture underlying the
evolution of morphology, as well as the potential evolutionary significance of genome doubling.

jfw@iastate.edu
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Epistasis fundamentally affects all evolutionary processes, including speciation,
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have begun to address also the causes of epistasis.
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Effect of genetic quality on deleterious mutation rate in Drosophila melanogaster

Agrawal AF*, Sharp NP'
1University of Toronto, Toronto, Canada

Summary statement:

We report on experiments indicating that the rates of mutational decline appear to be greatest in
genetic backgrounds of low quality.

Abstract:

The rate of deleterious mutation is a key property in many evolutionary theories. While estimates of
the rate are improving, little is known about within-species variation. We examine the possibility that
mutation rate is related to the genetic quality of an individual. To do so, we performed a mutation
accumulation (MA) experiment on 10 different genetic backgrounds. We accumulated mutations on
chromosome 2 in backgrounds that varied with respect to chromosome 3. Backgrounds varied in
whether chromosome 3 carried zero, one, or two known deleterious alleles of large effect. After
accumulation, we extracted chromosome 2 from each background and placed them all on a common
background to assay fitness (i.e., compare fitness after removing the initial large effect alleles). Lines
that had accumulated mutations in the presence of deleterious alleles appear to decline in fitness at
a higher rate, implying higher mutation rates for genotypes of lower genetic quality. This is expected
to result in a positive feedback loop whereby genotypes that initially carry an excess of deleterious
alleles will tend to have a higher mutation rate and have descendants with an even greater excess of
deleterious alleles. Such a relationship would likely have important implications for mutation load as
well as a wide variety of theories based on deleterious mutations. This result also provides an
alternative explanation for some observations that have previously been interpreted as evidence for
synergistic epistasis.

a.agrawal@utoronto.ca
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Bateson-Dobzhansky-Muller incompatibilities and line-cross analyses

Bolstad GH', Griffin DV?, Pélabon C*, Hansen TF?

'Centre for Conservation Biology, Norwegian University of Science and Technology, Department of
Biology, Trondheim, Norway, “Florida State University, Department of Biological Science, Tallahassee,
United States, *Centre for Ecological and Evolutionary Synthesis, University of Oslo, Department of
Biology, Oslo, Norway

Summary statement:

We have developed models to analyse Bateson-Dobzhansky-Muller incompatibilities in line crosses
and used published data to investigate epistasis in postzygotic isolation.

Abstract:

The Bateson-Dobzhansky-Muller model of postzygotic isolation relies on epistasis. However, the
classical method of measuring epistasis in line-cross analyses as additive by additive, additive by
dominance and dominance by dominance epistasis is not well connected to the theory on epistasis in
the context of postzygotic isolation. We have developed a new set of models to study epistasis in
line-cross analyses that can measure the strength of genetic incompatibilities due to epistasis either
between parental and/or hybrid genotypes, or between parental alleles. Using model selection, the
statistical support for the different models describing different forms of epistasis can be compared.
We have used these models on published data to investigate the evolution and form of Bateson-
Dobzhansky-Muller incompatibilities.

geir.bolstad@bio.ntnu.no
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Sign epistasis — Stabilizing selection reverses fitness effects of adaptive mutations

CHOU H-H'?, Delaney NF?, Marx CJ*

'Swiss Federal Institute of Technology Zurich, Institute of Molecular Systems Biology, Zurich,
Switzerland, “Harvard University, Department of Organismic and Evolutionary Biology, Cambridge,
United States

Summary statement:

The concave fitness landscape set by stabilizing selection preferentially causes antagonistic epistasis
and sign epistasis among adaptive mutations acting on the same phenotype.

Abstract:

Stabilizing selection that favors intermediate phenotypes plays an eminent role in shaping the
magnitude of gene expression and many organismal traits. Despite our success of revealing these
evolutionary consequences, it remains unclear how stabilizing selection affects the dynamics of
adaptation and interactions among adaptive mutations acting on the same phenotype. To this end,
we investigated epistasis among mutations arising from our prior evolution experiment to optimize
the performance of a metabolic pathway. Enzymes of this pathway are essential to bacterial growth,
but overproducing them incurs substantial fitness costs. Evolving from an excessive level, replicate
populations acquired mutations that reduced gene expression through distinct mechanisms. Here we
experimentally combined two classes of mutations that cut down expression by reducing the gene
dosage and its mRNA stability, respectively. Moreover, we developed a simple model that accurately
predicted fitness values of double mutants based on parameters estimated from single mutants and
a strain with an inducible promoter that explored a wide range of expression levels. Consistent with
Fisher’s geometric model, mutations conferring higher benefits exhibited stronger diminishing
returns epistasis with other mutations. Notably, introducing any second adaptive mutations into the
most competitive single mutant significantly reduced its fitness value (i.e. sign epistasis) due to
overshooting the phenotypic optimum. Results indicate that this concave fitness landscape
preferentially causes antagonistic epistasis and may even lead to hybrid inferiority when mixing
adaptive mutations fixed in separate populations.

chou@imsb.biol.ethz.ch
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Invertebrate resistance to a parasite is based on two linked loci with strong epistasis

Ebert D, Luijckx P', Duneau D*, Routtu J*
'Basel University, Zoological Institute, Basel, Switzerland

Summary statement:

Experiments show that resistance of Daphnia to a bacterial parasite is caused by two closely linked
loci with strong epistasis. These finding supports the Red Queen model for sex.

Abstract:

The Red Queen hypothesis for the maintenance of sex requires strong genetic interactions among
host and parasite genes, including strong epistasis, as for example proposed in the matching-allele-
model. Evidence for this is so far based on phenotypic patterns, with the genetic basis not being
understood. We investigated the genetics behind patterns of resistance of Daphnia magna to its
parasite Pasteuria ramosa. We crossed inbred host clones to obtain Fl1s, which were selfed to
produce F2 clones and then backcrosses. 637 recombinants were scored for resistance against P.
ramosa clones C1 and C19. Segregation for resistance against each of the two parasites was found to
be consistent with Mendelian segregation, each at one locus with 2 alleles. Resistance is dominant.
However, double resistant hosts were totally absent and single resistance hosts over represented. By
selfing of the backcrossed hosts, we tested for and confirmed epistasis. Epistasis had the strongest
value possible. In addition, these crosses indicated that the two resistance loci are very closely linked
and a QTL analysis revealed that all genetic variation for resistance is explained by a single small
genomic region. Genomic and mechanistic studies suggest that collagen-like proteins on the surface
of the parasite interact with the cuticular of the host to cause variation in the attachment process to
the host. Their role in shaping epistasis is currently investigated. The genetic system uncovered here,
can lead to coevolution by negative frequency dependent selection, which is believed to be
important for the maintenance of genetic diversity and sexual reproduction.

dieter.ebert@unibas.ch
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The causes of epistasis in genetic networks

Elena SF™?, Macia J°, Solé RV*?
1CSIC, Instituto de Biologia Molecular y Celular de Plantas, Valencia, Spain, ’The Santa Fe Institute,
Santa Fe, United States, *Universitat Pompeu Fabra, Complex Systems Laboratory, Barcelona, Spain

Summary statement:

In a simualtion study, epistasis was positive for small networks but negative for large robust ones.
Negative epistasis results from the existence of redundant elements.

Abstract:

Epistasis stands for the non-additive interactions between genes in determining phenotypes.
Considerable efforts have shown that for a given organisms, epistasis vary both in intensity and sign.
Recent comparative studies suggested that the overall sign of epistasis switches from positive to
negative as the complexity of organisms increases, and it has been hypothesized that this change
shall be a consequence of the underlying gene network properties. Why should this be the case?
What characteristics of genetic networks determine the sign of epistasis? Here we show, by evolving
genetic networks that differ in their complexity and robustness against perturbations while still
performing the same tasks, that robustness increased with complexity and that epistasis was positive
for small non-robust networks but negative for large robust ones. Our results indicate that negative
robustness and negative epistasis appear as a consequence of the existence of redundant elements
in regulatory structures of genetic networks and that the correlation between complexity and
epistasis seems to be a byproduct of such redundancy, allowing for a decoupling of epistasis from
complexity.

sfelena@ibmcp.upv.es
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Sign epistasis and evolutionary accessibility

Franke J!, de Visser JAGM?, Krug J*
'Cologne University, Institute of Theoretical Physics, Cologne, Germany, *Wageningen University,
Laboratory of Genetics, Wageningen, Netherlands

Summary statement:

Sign epistasis limits the order in which individually beneficial mutations can be incorporated in an
organism. We study its consequences for genome-wide adaptation.

Abstract:

Epistasis between different mutations implies that individual fitness effects combine in a non-
additive way to yield the fitness of the strain carrying all mutations. Cases where individually
beneficial mutations are jointly deleterious or vice versa are said to display (reciprocal) sign epistasis.
While the underlying biochemical mechanisms are largely unexplored, sign epistasis is known to have
important implications for the adaptation of populations. Specifically, in the presence of sign
epistasis a fraction of the mutational pathways leading from an initial genotype to the global fitness
optimum are inaccessible, if adaptation is constrained to increase fitness in each step. Here we
theoretically investigate accessibility of the global optimum for a wide variety of model landscapes.
We find that accessibility is high, in the sense that at least one accessible pathway exists with a
substantial probability that approaches unity as the dimensionality of the fitness landscape (set by
the number of mutational loci) becomes large. At the same time the number of alternative accessible
pathways grows without bound.

We verify the model predictions by comparison to an empirical 8-locus fitness landscape obtained for
the filamentous fungus Aspergillus niger. Our results imply that the globally optimal configuration
should be accessible to genome wide evolution, but the repeatability of evolutionary trajectories is
limited owing to the presence of a large number of alternative mutational pathways.

jfranke@thp.uni-koeln.de
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Genomic evolutionary pathways to antibiotic resistance

Kishony R*, Toprak E', Veres A%, Michel J-B', Chait R', Hartl DL?

"Harvard Medical School, Systems Biology, Boston, United States, ’Harvard University, Faculty of Arts
and Sciences, Cambridge, United States, *Harvard University, Department of Organismic and
Evolutionary Biology, Cambridge, United States

Summary statement:

The evolution of antibiotic resistance follows recurrent genotypic pathways.

Abstract:

Antibiotic resistance can evolve through sequential accumulation of multiple genetic changes. To
study such gradual evolution in the laboratory, we developed a microbial selection device, the
“morbidostat”, which dynamically adjusts drug concentrations to maintain a constant challenge on
evolving bacterial populations. We analyzed evolutionary trajectories of Escherichia coli towards
resistance to chloramphenicol, doxycycline, and trimethoprim. Resistance increased dramatically and
consistently in replicate populations. Whole-genome sequencing revealed that some genetic changes
were shared between drugs, and others were antibiotic-specific. Chloramphenicol and doxycycline
resistance were acquired through different combinations of mutations in genes involved in
translation, transcription, and membrane proteins. In contrast, trimethoprim resistance was acquired
stepwise, through a limited pool of mutations restricted to the target enzyme (dihydrofolate
reductase); parallel populations not only evolved similar mutations, but also acquired them in similar
order. Uncovering such predictable genotypic pathways to strong antibiotic resistance may help slow
down the evolution of resistance.

roy_kishony@hms.harvard.edu
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The role of mutational history in the evolution of bistability in Pseudomonas fluorescens

Nestmann S', Rainey PB**

'Massey University Auckland, New Zealand Institute for Advanced Studies, Albany, New Zealand,
’Massey University Auckland, New Zealand Institute for Advanced Studies, Auckland, New Zealand,
*Max Planck Institute for Evolutionary Biology, PIon, Germany

Summary statement:

The influence of evolutionary history on the origin of a stochastic switcher was studied using
reconstructed genotypes, fitness measurements and re-evolved populations.

Abstract:

In nature, organisms face perpetually changing environmental conditions. The challenge to survive
drives the evolution of novel traits. It is unknown to what extent evolutionary history influences the
process. Theory suggests that the history of mutations influence the outcome of evolution as a result
of interactions between mutations that may either constrain or promote the evolution of a certain
trait.

Here, we disentangle the role of evolutionary history in the evolution of a stochastic switching
phenotype in the bacterium Pseudomonas fluorescens. The switching type, caused by a mutation in
the carB gene, appeared after nine rounds of evolution set by distinctive selection treatments. In
theory mutations are random and can occur after each round of evolution but will only be detectible
if the fitness of the resulting type is higher than the fitness of the ancestor. We reconstructed the
carB mutation into genotypes from previous rounds of evolution. Fitness experiments comparing the
reconstructed carB type to the original genotypes showed that this mutation had an unequal
likelihood of occurring during the course of evolution. The importance of history was confirmed by a
re-evolution experiment where original genotypes act as starting points for the evolution of a
switching phenotype.

We show that evolutionary — and therefore mutational — history affects the evolution of the derived
switching phenotype. It is also likely that interactions with other newly evolved types influence the
establishment of the switcher.

s.nestman@massey.ac.nz
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Epistatic modules: Does size matter?

@stman B*, Adami C°
'Michigan State University, BEACON Center for the Study of Evolution in Action, East Lansing, United
States, ’Keck Graduate Institute, Claremont, United States

Summary statement:

Larger modules make bigger contributions to fitness on average, because the synergistic epistasis
between genes creates novel opportunities unavailable to modules with fewer genes.

Abstract:

In computational models of rugged fitness landscapes, high peaks are associated with epistatic loci
that define modules. Landscapes that are more rugged give rise to higher peaks as well as modules
with more epistatically interacting loci, because the increased number of interactions increases the
fitness potential. As a consequence, adaptation in rugged landscapes is more effective, since the
height of the global peak increases with ruggedness. Here, we address the question whether the
scaling of the global peak height with the number of interacting loci is biologically plausible or an
unrealistic artifact of the model. By comparing detailed statistics of the relationship between
epistasis and knockout fitness defects (indicating peak height) in the model with single and double-
knockouts fitness measurements in yeast, we argue that there is a biologically plausible relationship
between the number of components in a module and module fitness. We contend that the increase
in adaptive potential with increasing ruggedness is germane, because interacting loci can work
synergistically to produce higher fithess compared to a set of non-interacting loci. The more genes
that are involved in a function, the more complex and fine-tuned it can be. The fibrin blood-clotting
cascade, for example, consists of twenty-six distinct proteins, ensuring a blood-clotting response at
the right time and place under a variety of conditions. The hypothesis that larger modules make
larger fitness contributions is difficult to test experimentally, since function has to be preserved while
varying module size. We propose to test this hypothesis by engineering functional modules in yeast.

ostman@msu.edu
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Mutation accumulation in bacteria in the light of Fisher’s geometrical model

Sousa A', Trindade S*, Gordo I'
!Instituto Gulbenkian de Ciencia, Oeiras, Portugal

Summary statement:

Study of the dynamics of fitness and variance between populations that undergo severe reductions in
size under Fisher’s framework.

Abstract:

In a mutation accumulation (MA) experiment genetic drift is intensified over natural selection, such
that mutations accumulate at approximately neutral rates and mean fitness declines as the
population evolves. Classical models to interpret these experiments assume that the rate (U) and
effects of deleterious mutations (s) are constant and independent of the genetic background in
which they arise. Evidence for epistasis between mutations has increased recently and novel models
of analysis of the MA data are required. Fisher’s geometrical model offers a framework to start doing
just that.

Here we study the dynamics of fitness decline and increase in fitness variance between populations
that undergo severe reductions in size under Fisher’s framework.

amsousa@igc.gulbenkian.pt
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Dissecting the mechanistic basis of epistasis in a drug resistance enzyme of bacteria
suggests genetic constraints on adaptation may be common

Weinreich DM*, Knies JL', Cai F*
'Brown University, Department of Ecology and Evolutionary Biology, Providence, United States

Summary statement:

Epistasis can sharply constrain adaptive evolution of organisms. We show that in the case of one
enzyme, mechanistic tradeoffs are at least in part responsible.

Abstract:

We previously used reverse genetics to show that epistasis for fitness is widespread among a panel
of beneficial mutations in the B-lactamase gene, which encodes a key antibiotic resistance enzyme in
E. coli. We further found that this epistasis causes sharp constraints on the evolutionary trajectories
accessible to this gene during natural selection. This finding raised the question of mechanism: Why
does the same mutation affect drug resistance differently in different allelic backgrounds? We have
now purified all the B-lactamase variants defined by the mutations in our previous study, and
characterized the melting temperature and enzymatic kinetics of each. We find that mutations often
perturb both traits, and that this feature explains much of the fitness epistasis observed. This
appears to be a rather general property of protein evolution, implying that epistatic constraints on
adaptation may be widespread.

weinreich@brown.edu
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Origin of the fittest: cycles of developmental emergence and genetic determination in
evolution

Badyaev AV’
'University of Arizona, Ecology and Evolutionary Biology, Tucson, United States

Summary statement:

How does inheritance become associated with emergent developmental processes to produce
evolutionary change?

Abstract:

Our sense of organismal functionality and adaptability comes from emergent features of
development and homeostasis. Yet, it is not known how these processes become associated with
inheritance to produce evolutionary change. | will review empirical evidence for a scenario under
which initially emergent biological processes integrate into functional and genetic systems, spread
through a population, and become stabilized in developmental sequences under natural selection.
Such a scenario is expected to produce short spurts of exploratory evolution followed by adaptive
diversification and specialization of lineages in the range of environments with the greatest fit.

abadyaev@email.arizona.edu
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Social transmission of oviposition site preference in Drosophila melanogaster

Battesti M?, Joly D', Mery F!
'CNRS, Legs, Gif sur Yvette, France

Summary statement:

Oviposition site preference can be socially transmitted in groups of Drosophila melanogaster by using
a transmission chain method.

Abstract:

The understanding of the diversity and complexity of behaviors and their transmission from one
generation to the next has always been a central question in evolutionary biology and psychology. By
comparison with individual learning which requires process of trial and errors every generation,
social learning can be potentially transmitted from one generation to the next and generate the
emergence and maintenance of new behaviors. Despite the potential importance of cultural
transmission on animal behavior relatively little is known about the processes which may facilitates
or prevent this transmission, their genetic bases and their potential fitness impacts. In the present
study we show for the first time social transmission of oviposition preference in a non-social insect,
Drosophila melanogaster, using a “transmission chain” approach. Such studies simulate natural
traditions by training a population of founders to perform a task, and gradually replacing these
experienced individuals (demonstrators) with naive animals (observers). This will allow to test
whether the original behavior remains in the population in spite of this change in personal. Using this
protocol, we can investigate whether a preference for a specific oviposition site can be transmitted in
an environment where observers can not only observe demonstrators but also interact with them
and other observers. This type of experiments allows appreciating how individuals weight social
information compared to personal information. Results open new perspectives on the study of the
evolution of sociality, its impact on behavioral evolution and its genetic bases.

marine.battesti@legs.cnrs-gif.fr
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Grandmaternal age as a determinant of grandoffspring quality and reproduction

Bleu J', Meylan ', Clobert J?, Massot M*
'CNRS ENS UPMC, Ecology and Evolution laboratory, Paris, France, Université Sorbonne Paris IV,
IUFM, Paris, France, >CNRS, Station d'Ecologie Experimentale, Moulis, France

Summary statement:

We assessed in a natural population of lizards the effects of grandmaternal age on grandoffspring
morphology at birth, on survival and on reproduction.

Abstract:

Maternal effects are increasingly studied in evolutionary biology. In particular, maternal age is known
to influence offspring fitness due to reproductive senescence and maturation processes. Maternal
age may affect not only their direct offspring, but also the offspring of the next generation, leading to
grandmaternal effects. The effect of grandmaternal age has been studied on animals in laboratory
experiments, as well as on humans in medical studies. However, to our knowledge, it has never been
studied in wild populations. In this study, we investigated the effects of grandmaternal age in the
common lizard, Zootoca vivipara. This natural population has been surveyed annually for 18 years.
Each year, pregnant females were kept several weeks in the laboratory, until parturition. We thereby
obtained data on maternal lineages, female reproductive performances (litter size and litter success)
and offspring morphology at birth (body size and corpulence). We assessed the influence of
grandmaternal age on morphology at birth, on survival of grandoffspring and on reproductive
performances of female grandoffspring. We showed that grandmaternal age influences
grandoffspring morphology, both in males and females, and also influences granddaughters
reproduction, with effects on both litter size and litter success. These results emphasize the
importance of age in shaping life history traits up to three generations.

josefa.bleu@snv.jussieu.fr



13" Congress of the European Society for Evolutionary Biology
Tiibingen 2011

SUN 21 AUG at 1610 - Room N2 oAl
Oral presentation A4-Sy11-1610-O

Symposium 11
Non-genetic inheritance and evolution

Déja vu? The re-emergence of the inheritance debate and what’s different this time

Bonduriansky R*
'University of New South Wales, Evolution & Ecology Research Centre and School of BEES, Sydney,
Australia

Summary statement:

The current iteration of the inheritance debate is conceptually different from past iterations, and
lingering confusion flows from ambiguity over the definitions of key terms.

Abstract:

The establishment of Mendelian-genetic inheritance as the sole mechanism of heredity is portrayed
in every textbook as an iconic success-story of scientific progress, whereby a century-long debate
grounded in copious theoretical and empirical research finally led to the triumph of truth over
fallacy. Yet, we are now witnessing a dramatic re-emergence of debate over the nature of
inheritance. What’s going on? In this talk, | will outline the history of the inheritance debate, and
attempt to clarify the key ideas at stake. | will argue that the current iteration of the inheritance
debate is conceptually different from past iterations, and that much of the lingering confusion flows
from ambiguity over the definitions of key terms. | will suggest that recent advances in
understanding of cell biology and development are driving an on-going re-conceptualization of the
nature of inheritance, which promises to have interesting implications for evolutionary biology.

r.bonduriansky@unsw.edu.au
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Non-genetic inheritance of male condition: there’s more to paternal effects than ‘like
father like son’

Crean AJ', Bonduriansky R*
'University of New South Wales, Evolution & Ecology Research Centre, Sydney, Australia

Summary statement:

The scope and consistency of the effect of paternal diet on offspring traits is examined in the neriid
fly Telostylinus angusticollis.

Abstract:

Recent advances in our understanding of inheritance reveals that offspring variability cannot be
explained solely by the transmission of genes from parents to offspring. Commonly referred to as
‘Lamarckian’ or non-genetic inheritance, mounting empirical evidence shows that the parental
environment can influence offspring phenotype and generate heritable variation for a broad array of
traits. However, while the ecological and evolutionary importance of maternal effects are well
studied, corresponding paternal effects are still largely considered to be rare or insignificant.
Previous work in our laboratory showed that in the neriid fly, Telostylinus angusticollis (a species
without paternal care), fathers transmit their environmentally-acquired condition to offspring: large
fathers that were reared on a high-quality larval diet produced larger offspring. To explore the scope
and consistency of this paternal effect, we conducted a series of follow-up experiments manipulating
the timing of copulation with respect to female age and maturation, and the time from copulation to
fertilization. In addition, we measured a variety of offspring traits at different life history stages.
Initial findings suggest the effects of paternal diet on offspring phenotype are more complex than
previously observed, further complicating interpretation of the evolutionary implications of such
effects.

a.crean@unsw.edu.au
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A unified approach to the evolutionary consequences of multiple inheritance systems

Day T', Bonduriansky R
'Queen's University, Kingston, Canada, “University of New South Wales, Biology, Sydney, Australia

Summary statement:

| present some work that develops a unified theoretical framework for modeling evolution under the
combined effects of genetic and nongenetic inheritance.

Abstract:

There has been widespread interest in recent years in inheritance mechanisms that exist alongside
genetic inheritance, and the role that these might play in evolution. | will present some work (joint
with Dr. Russell Bonduriansky) that develops a unified theoretical framework for modeling evolution
under the combined effects of genetic and nongenetic inheritance. Despite the considerable diversity
of proximate mechanisms of nongenetic inheritance, | will show how they can all be integrated
within a relatively simple theory. The approach will be illustrated by examining a variety of scenarios,
including non-transmissible environmental ‘noise’, maternal effects, indirect genetic effects,
transgenerational epigenetic inheritance, RNA-mediated inheritance, and cultural inheritance. Our
results demonstrate that the incorporation of nongenetic inheritance within evolutionary models
leads to novel predictions and patterns of evolution that would otherwise be unexpected.

tday@mast.queensu.ca
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Trans-generational immune priming in the red flour beetle, Tribolium castaneum

Diddens-de Buhr MF', Eggert H*, Kurtz J*
YInstitute for Evolution and Biodiversity / Westfalische Wilhelms-Universitat Miinster, Animal
Evolutionary Ecology, Miinster, Germany

Summary statement:

Trans-generational immunity in the red flour beetle, Tribolium castaneum, is transferred via mothers
and fathers. In our study we investigate potential mechanisms of this transfer.

Abstract:

All living organisms have to cope with one extraordinary force — parasites. Parasites and hosts
impose strong selection pressure on each other, and may thus find themselves in an arms race
involving rapid genetic and phenotypic changes. These dynamics may underpin the evolution of
efficient host immune systems for host defence.

Since parasites and pathogens impact the survival and performance of individuals, it might be
beneficial to directly invest into protection of the offspring. This process has been described as
trans-generational immune priming, where parents provide their offspring with enhanced
immunological protection. However, the mechanisms of transmission of this parental information
still remain largely obscure.

In T. castaneum trans-generational immune priming occurs via mothers and fathers. Roth et al.
(2009) showed that, whereas mothers transfer specific resistance, fathers seem to prime their
offspring in a more general way and suggested an allocation of tasks in immune protection between
parents. In the current project, we aim to investigate the mechanisms of maternally and especially
paternally derived immune priming as well as its potential fitness consequences.

As the immune response in insects is far more plastic and specific than previously believed, results of
this study are potentially relevant also for current theories of host-parasite coevolution.

Roth, 0., Joop, G., Eggert, H., Hilbert, J., Daniel, J., Schmid-Hempel, P. and Kurtz, J. (2010), Paternally
derived immune priming for offspring in the red flour beetle, Tribolium castaneum. Journal of Animal
Ecology, 79: 403—413

m.ddb@uni-muenster.de
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Additive transgenerational effects in a butterfly evidenced through artificial selection

Ducatez S, Fréville H*?, Stevens VM"*, Baguette M

'"Museum National d'Histoire Naturelle, Ecologie Gestion de la Biodiversité, Brunoy, France, *CEFE -
CNRS UMR 5175, Montpellier, France, >*Museum National d'Histoire Naturelle, Paris, France, *F.R.S-
FNRS, Université de Liege, Unité de Biologie du Comportement, Liege, Belgium, >Station
Expérimentale du CNRS a Moulis, CNRS USR 2936, Saint Girons, France

Summary statement:

Flight performance tests induce transgenerational cumulative costs on physiological and life history
traits (eg flight performance, lifespan and fecundity decrease) in a butterfly.

Abstract:

Habitat fragmentation in our changing environments is a strong selective pressure which can induce
the apparition of residency versus dispersal strategies. Dispersal costs have been demonstrated to be
determinant in the evolution of dispersal related traits, and were evidenced to impact the offspring
generation. However transgenerational effects of dispersal costs have rarely been considered in
models of dispersal evolution, although parental effects are known to strongly influence evolutionary
processes.

Such effects are hard to detect in the field, but experiments of artificial selection in laboratory might
be the key to understand the importance of transgenerational effects in the evolution of dispersal, as
they permit to disentangle parental and genetic effects. Here we artificially selected butterflies
according to their flight performance and measured their life history traits over 4 generations.
Results showed that flight performance had a genetic basis, and highlighted an additive
transgenerationnal cost of the flight performance test during our artificial selection experiment,
causing flight performance to decrease across generations due to cumulative costs of flight tests,
counteracting the artificial selection pressure that aimed at increasing flight performance over time.
Flight test costs also decreased individuals’ fecundity, and decreased males’ lifespan. This provides
one of the first evidence of additive transgenerational effects on physiological and demographic
traits. It underlines the potential counterintuitive effects of non-genetic inheritance on the evolution
of dispersal and more generally on populations’ adaptation to environmental changes.

ducatez@mnhn.fr
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Maternal effects may alter the course of evolutionary change

Ezard TH, Johnstone R’, Townley S*
1University of Surrey, Mathematics, Guildford, United Kingdom, 2University of Cambridge,
Cambridge, United Kingdom, *University of Exeter, Falmouth, United Kingdom

Summary statement:

We show that non-Mendelian maternal inheritance can (1) enlarge the range of achievable
phenotypes and (2) in some cases even change its course.

Abstract:

The clear adaptive benefits of an ability to respond rapidly to ecological change has prompted an
explosion of interest in evolvability in general and alternative inheritance mechanisms in particular,
including phenotypic plasticity, epigenetic inheritance and parental effects. Lande and Kirkpatrick
used Quantitative Genetic models to explore how non-Mendelian maternal inheritance (hereafter,
maternal effects) can cause evolutionary transients or momentum: the phenotype continues to
change even when selection is turned off. Recasting the same quantitative genetic models in a
control engineering context, we provide “proof of concept’ that the evolutionary consequences of
maternal effects are more far reaching. We show that maternal effects can (1) enlarge the range of
achievable phenotype and (2) in some cases even change its course.

Without maternal effects, according to the multivariate breeders equation, phenotypes will evolve
along paths of least genetic resistance. These paths of evolution can be visualized by plotting
ellipsoids in phenotype space. When maternal effects are included we find that these ellipsoids can
warp, increasing in volume as the maternal effect is strengthened suggesting an enhancement of
phenotypic diversity. Furthermore, we find that the direction of evolution in the presence of
maternal effects can be orthogonal to the direction of evolution under Mendelian inheritance alone.
In this sense, maternal effects may alter the course of evolution.

t.ezard@surrey.ac.uk
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The better to eat you with (or eat with you): the evolution of stealing vs. arachnophagy in
Argyrodes spiders

Fitzgerald MR
1University of Wisconsin Madison, Zoology, Madison, United States

Summary statement:

A look into the evolution of different foraging behaviors in two closely related arachnids: Argyrodes
trigonum and Argyrodes argyrodes using empirical and theoretical methods.

Abstract:

The genus Argyrodes (Theridiidae) contains approximately 200 species, with diverse behavioral
backgrounds. These spiders have drawn the curiosity of many researchers because of their
exploitation of other arachnids, primarily arachnophagy (eating of other spiders) and
kleptoparasitism (stealing food or web material from other spiders). These species have been
separated into six species groups via behavioral and morphological characteristics, though a firm
phylogeny has not yet been formed. | focus on two species, each from a different species group: A.
trigonum and A. argyrodes. Though closely related, these two species have contrasting foraging
strategies: A. trigonum is a generalist forager, using both arachnophagy and kleptoparasitism,
whereas A. argyrodes appears to specialize in kleptoparasitism. Using a combination of field studies
and simple behavioral models, | have explored the mechanisms behind the evolution of different
foraging strategies in these two closely related species.

mrfitzgerald@wisc.edu
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Transcriptional effects of parental age in the Drosophila melanogaster brain: Linking a non-
genetically transmitted effect to its genetic targets

Foucaud J', Burns JG*, Mery F!
'CNRS, Gif/Yvette, France, 2University of Toronto, Mississauga, Canada

Summary statement:

We investigated the transcriptional profile of a non-genetically transmitted memory impairment due
to parental age and its specific rescue by oxidative stress resistance selection.

Abstract:

Genetic effects on learning and memory performance have been documented since decades in
various species, from humans to invertebrates. In the Drosophila melanogaster model species,
numerous genes have been showed to play a role in learning aversive olfactory stimuli (e.g. dunce,
rutabaga). Beyond traditional genetic effects, a recent study demonstrated that parental age
influenced memory performance in D. melanogaster offspring and grand-offspring. Indeed, the
(young) offspring of old parents showed a decreased short-term memory performance relative to
offspring of young parents, despite similar olfactory sensitivity and locomotor activity. Interestingly,
this transgenerational effect of ageing on memory could be rescued by imposing a selection on
oxidative stress resistance, a major regulator of ageing and neurodegeneration. Therefore, genetic
variation exists for this non-genetic effect on phenotype, and is expected to participate in the
evolution of senescence and behavioral plasticity in natural populations. In this study, we seek to
evaluate the transcriptomic effects of parental age and oxidative stress resistance in the adult D.
melanogaster brain. This work enables us to better understand how the non-genetic effect of
parental age influences the expression of individual genetic variation on behavioral plasticity.

julien.foucaud@legs.cnrs-gif.fr
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Kin selection under blending inheritance

Gardner A
'University of Oxford, Department of Zoology, Oxford, United Kingdom

Summary statement:

| determine whether it is possible to develop a quantitative theory of kin selection upon the
assumption of blending inheritance.

Abstract:

Why did Darwin fail to develop his insights on kin selection into a proper theory of social adaptation?
A possible answer is that his inadequate understanding of heredity kept the problem out of focus.
Here, | determine whether it is possible to develop a quantitative theory of kin selection upon the
assumption of blending inheritance. | find that, whilst Hamilton’s rule can readily be derived under
the assumption of blending, this mechanism complicates the computation of relatedness
coefficients, and can even cause them to fluctuate over generations. Nevertheless, | show that the
ultimate criterion for selection to favour any social trait remains the same as under Mendelian
inheritance. By eliminating the gene from the theory of kin selection, | clarify the role that it plays in
the theory of social adaptation.

andy.gardner@zoo.ox.ac.uk
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Signaling territoriality. Male wing red pigmentation affects survival via intraspecific
competition in American rubyspot (Zygoptera)

Gonzalez Santoyo I', Gonzélez Tokman DM*, Munguia Steyer RE', Cérdoba Aguilar A*
'Universidad Nacional Auténoma de México, Ecologia Evolutiva, Mexico City, Mexico

Summary statement:

Red wing pigmentation is used by males of American rubyspot to signaling territoriality status.

Abstract:

Adult males of American rubyspot (Hetaerina americana) damselflies contend for territories that
females visit to mate. Territorial residents accrue a significantly higher mating success compared with
nonterritorials. Males bear a red pigmentation spot in the basis of each wing whose average size is
positively correlated with their ability to obtain territories. The function of the wing spot color in
natural selection and intraspecific competition is poorly known. Using only territorial males of the
same age, an experiment was conducted to evaluate the relationship of the red wing spot color with
male survival and their ability to obtain and defend territories. In a first group the red wing spot was
replaced by a blue artificial pigment. Survival in the field and reproductive behavior were compared
with two control groups. Behavior was evaluated following the next parameters: number of total
fights, number of won fights and effective fighting time. The results showed that blue-manipulated
animals survived less than controls. In addition, this group had less fights earning too. These results
show that the red color is important for natural and sexual selection on males of this species.

isantoyo83@gmail.com



13" Congress of the European Society for Evolutionary Biology
Tiibingen 2011

MON 22 AUG at 1730 - upper floor campus canteen Mensa « ﬁ"l
Regular poster B5-Sy11-i008-R

Symposium 11
Non-genetic inheritance and evolution

Clonal variation and maternal effects on probabilistic maturation reaction norms (PMRNs)

Harney ED*, Van Dooren TJM?, Paterson S, Plaistow SJ*
'University of Liverpool, Institute of Integrative Biology, Liverpool, United Kingdom, *Ecole Normale
Supérieure-CNRS, Ecologie & Evolution, Paris, France

Summary statement:

Maturation rate models were used to compare PMRN variation in two species of Daphnia and
determine whether mothers can alter the PMRN’s of their offspring.

Abstract:

Age and size at maturity are key life history traits influencing an organism’s fitness. Understanding
how reaction norms for age and size at maturity evolve requires an appreciation of the
developmental traits that underpin them and how these traits, and the interactions between them,
change in spatially and temporally heterogeneous environments. It has been suggested that
determinants of maturation play a key role in shaping age and size at maturity. Maturation
thresholds represent a minimum state that an organism must achieve before the onset of maturity.
These thresholds have been documented in many taxa, suggesting that they are highly conserved.
However we still have little idea of why these traits have evolved, whether they are fixed or plastic,
or which states (size, age, condition etc) influence maturation probability.

PMRNs provide estimates of age and size at maturity that incorporate stochasticity and are not
biased by the average growth and mortality of the population. We used maturation rate models, a
type of PMRN, to determine whether maturation in 7 Daphnia magna and 7 D. pulex clones was
triggered by changes in size, age, or size and age. Our results confirm that maturation is triggered by
a size threshold and demonstrated substantial variation in maturation processes for both species. In
a second experiment we used the same approach to test whether maternal environment influenced
the maturation reaction norms for offspring. Mixed results were observed, suggesting that mothers
may be able to influence maturation processes in their offspring, but that this effect varies between
clones.

e.harney@liv.ac.uk
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The evolutionary history of the Uralic languages

Honkola T*, Korhonen K?, Lehtinen J?, Syrjanen KJ*, Vesakoski O°, Wahlberg N°
'University of Turku, Biology, Turku, Finland, University of Helsinki, Helsinki, Finland, *’KkOTUS,
Helsinki, Finland, *U niversity of Tampere, Tampere, Finland, U niversity of Turku, Turku, Finland

Summary statement:

The divergence times of the Uralic languages obtained by computational analyses coincided with
climatic and cultural fluctuation suggesting close connections between these factors.

Abstract:

Quantitative phylogenetic methods have been used to illustrate the evolutionary relationships and
divergence times of biological species. During the last decade these methods have been applied also
to linguistic material to explain evolutionary emergence of language families. We studied the
guantitatively yet unexplored Uralic language family which is of special interest as it is a compact and
well-studied group providing references from the linguistic studies. Furthermore, as the written
history of Uralic speakers is limited, the Uralistic studies likely gain advantage from quantitative
approach as it can possibly provide light to earlier discrepancies. In our study we first estimated the
divergence times of Uralic languages by computational timing analysis and then compared our
results to climatic, historical and archaeological evidence. Our aim was to get a more complete
picture of the history of the Uralic languages by considering whether the divergence of Uralic
languages we see today can be explained through the changes in abiotic and biotic factors in the
past. The divergence times obtained from the analysis corresponded with the ones suggested earlier
by traditional linguistic studies verifying our approach. They also coincided with the climatic and
cultural fluctuation suggesting that divergence events of languages may be caused by language-
external factors. Thus, we conclude that computational timing analysis is an applicable method for
the study of the Uralic languages and point out the importance of language-external factors in the
attempt to achieve a better understanding of evolutionary histories of language groups.

terhi.honkola@utu.fi
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Effects of maternal inheritance in adapting to a novel environment

Hoyle RB', Ezard TH'
'University of Surrey, Department of Mathematics, Guildford, United Kingdom

Summary statement:

We show how maternal inheritance speeds up adjustment to a novel environment, but can
destabilise the system.

Abstract:

The clear benefits of the ability to adapt rapidly to a novel environment has prompted an explosion
of interest in evolvability, with particular focus on alternative inheritance mechanisms that facilitate
adaptation. Here, we begin with Lande’s reaction norm model of the evolution of phenotypic
plasticity and extend it to incorporate maternal (non-Mendelian) inheritance. We show that positive
maternal inheritance speeds up adjustment to the new environment regardless of whether plasticity
is evolving, is constant or absent. As a cautionary note, strong positive maternal inheritance can lead
to oscillatory dynamics that overshoot the optimal phenotype and can lead to extinction. Weakly
negative maternal inheritance might not hit the target phenotype as quickly as possible, but
nonetheless stabilise the system and in doing so maximise fitness in stochastic environments.

r.hoyle@surrey.ac.uk
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Prenatal and postnatal parental antibodies: A new insight into the interaction between
parental effects at different time scales

Jacquin L', Blottiére L', Haussy C', Perret S%, Gasparini J*
'Université Pierre et Marie Curie- CNRS, Laboratoire Ecologie et Evolution, Paris, France, ’Ecole
Normale Supérieure-CNRS, Station biologique de Foljuif CEREEP, Saint-Pierre-les-Nemours, France

Summary statement:

We show that prenatal and postnatal antibodies act in interaction on offspring traits, opening the
interesting possibility of combined parental effects at fine time scales.

Abstract:

Parental transmission of antibodies can have profound effects on offspring phenotype and has been
demonstrated to affect the evolution of host-parasite interactions in nature. However, little is known
about the relative influence of prenatal antibodies (transmitted before the birth of the young) versus
postnatal antibodies (transmitted after the birth) on offspring traits, because suitable models to
disentangle their effects are very rare. Columbidae such as pigeons and doves can feed their young
with a lipid-rich substance produced in their crop, named crop milk, which contains antibodies. Such
birds are thus unique models to disentangle the role of prenatal antibodies (transmitted through the
egg yolk) and postnatal antibodies (transmitted through the crop milk). In this study, we created
experimental groups of chicks receiving maternal antibodies before and/or after hatching by cross-
fostering eggs, and examined the short- and long-term specific humoral response, growth and
survival of nestlings. We show for the first time that pre- and postnatal antibodies act in interaction
on the immune response and growth of their young at different time scales. This study thus opens
the exciting possibility that parents could be able to shape the phenotype of their offspring by a
combination of prenatal and postnatal adjustments of antibody transmission and calls for further
investigations on the potential adaptive role of such combined parental effects.

ljacquin@snv.jussieu.fr
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Phenotypic plasticity favors the evolution of heritable parental effects

Kuijper B', Johnstone RA"
'University of Cambridge, Behaviour & Evolution Group, Department of Zoology, Cambridge, United
Kingdom

Summary statement:

Phenotypes of plastic individuals provide more reliable information on the environment than those
of non-plastic individuals, enhancing the evolution of parental effects.

Abstract:

Despite growing evidence for nongenetic inheritance in many taxa, the ecological conditions that
favor heritable parental or grandparental effects remain poorly understood. We systematically assess
when selection favors the evolution of heritable parental effects, as opposed to strategies such as
bet-hedging or the production of a single phenotype only. We show that heritable parental effects
prevail when environmental fluctuations are relatively infrequent and different environments are
encountered with frequencies that are not too dissimilar. Where one environment is more common
than another, asymmetric inheritance is favored, corresponding to scenarios such as bacterial
persistence. Interestingly, heritable parental effects can evolve over a wider range of conditions
when individuals exhibit a certain degree of phenotypic plasticity. Organisms that can adjust their
phenotype to the current environment provide a more reliable source of information to their
offspring than non-plastic individuals, challenging the conventional view that plasticity and parental
effects are alternative means to the same outcome. However, we also show that direct transmission
of environmental information to offspring, which is not mediated by the parental phenotype,
diminishes the scope for heritable parental effects.

bk319@cam.ac.uk
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Mating preference and egg laying sequence influence female egg investment in bird
species: a comparative overview on the non- hormonal maternal effects

Malacarne G*, Grenna M", Pellegrino I', Cucco M*
'Piemonte Orientale, DISAV, Alessandria, Italy

Summary statement:

We present an overview of studies on the effects of male attractiveness on egg characteristics and
allocation of substances like carotenoids and antibacterial molecules.

Abstract:

In oviparous species, the eggs represent a strong maternal allocation of resources.

Females can differentially allocate substances in their eggs as a response to the environment
experienced during the laying period, including the quality of their mate. This field of maternal
effects has been primed by Schwabl’s finding (1993) that females of some passerine bird species
deposit testosterone in their eggs and that if mated with more attractive males lay eggs with higher
androgen levels (reviewed in Kingma 2009). These studies on endocrine-mediated maternal effects
have been spread considering also yolk deposition of other steroids as oestradiol and corticosterone
but with more contradictory results. Since the eggs contains a huge variety of non-endocrine
substances that can influence chick prospects of survival, the interest has also been directed to
micro-nutrients as carotenoids, antioxidants and antibacterial substances (lysozyme, avidin etc). On
the basis of our studies on egg allocation after mate choice in two partridges (Alectoris rufa and
Perdix perdix) we present here an up-dated overview of the results on egg mass, yolk mass, vitamins,
innate and acquired immunity allocation in birds. We discuss these data in the light of Different
Allocation Hypothesis (DHA) or Compensatory Hypothesis (CH). Furthermore we show comparative
data on how the substances are allocated across a clutch with respect to laying order.

giorgio.malacarne@unipmn.it
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Can maternal effects facilitate adaptation to a novel food source in a host-specific
phytophagous insect?

Newcombe D*, Moore PJ*, Moore AJ*
1University of Exeter, College of Life and Environmental Sciences, Penryn, United Kingdom

Summary statement:

We investigated the effects of maternal host diet on offspring performance in a specialist insect
herbivore to test if maternal effects could facilitate adaptation to a novel host.

Abstract:

Our aim was to investigate if maternal effects facilitate adaptation to a novel host in a specialist
insect, the large milkweed bug Oncopeltus fasciatus (Hempitera: Lygaeidae).

We used two different populations of O. fasciatus for this experiment. One population was artificially
selected to feed on sunflower seeds (Helianthus annus) for over 45 years while the other was
naturally adapted to toxic milkweed seeds (Asclepias syriaca). We used a nested full-sib, split brood
design to test if manipulation of maternal diet had an effect on offspring life history traits.

We found population differences in diet-based maternal effects on egg mass and clutch fertility.
There were strong differences between populations and effects of offspring diet on offspring
performance, but no significant effect of maternal diet, and a weak but statistically significant
population by maternal diet effect on nymph development time. A reintroduction of the toxic
ancestral diet to the sunflower-adapted population did not detrimentally affect offspring growth or
development to adulthood. In both populations, offspring fed milkweed developed faster and grew
into larger adults than offspring fed sunflower. Survivorship depended on population and offspring
diet, and their interaction, but was unaffected by maternal diet or other interactions. Survivorship
was higher for sunflower-adapted bugs and for individuals fed milkweed, with evidence of a strong
population by offspring diet interaction reflecting poor survivorship of milkweed-adapted bugs fed
sunflower.

Our results indicate that for this species maternal effects may have limited influence in adapting to
novel hosts.

dirn201@ex.ac.uk
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The biological clock ticks for female house sparrows — a Lansing effect in a wild bird
population

Schroeder J!, Nakagawa S"?, Burke T*
1University of Sheffield, Animal and Plant Sciences, Sheffield, United Kingdom, U niversity of Otago,
Departement of Zoology, New Zealand

Summary statement:

Age-dependent maternal epigenetic effects can limit the evolvability of reproductive fitness and
longevity in a wild, closed and pedigreed bird population.

Abstract:

Within-individual consistency in fitness correlates can arise through environmentally induced
heterogeneity between individuals, through epigenetic effects or have a genetic basis. Age is often
used to describe the inherent quality of an individual in avian systems, because older individuals
often have higher fitness. We studied phenotypic and genetic correlations, repeatability, narrow-
sense heritability, maternal and early environment effects of variation in longevity, annual and life-
time reproductive output, with the help of bayesian animal models. We used long-term data from a
closed pedigreed island population of house sparrows. Low dispersal rates, together with a high re-
sighting rate, resulted in unusually reliable fitness estimates, both for longevity and recruitment.

We found that individual annual reproductive success was repeatable within individuals and
increased with age. As expected for traits closely related to fitness, heritability was low, as was
heritability of longevity. We found no significant additive genetic covariances between longevity and
annual reproductive fitness. Therefore, epigenetic and environmental rather than genetic factors are
responsible for maintaining within-individual consistency in reproductive success. Surprisingly, we
found a strong transgenerational effect: sparrows born to older mothers had shorter lives than those
born to younger mothers. Being born to older mothers consequently translated into a reduction in
lifetime fitness. Thus, age-dependent epigenetic maternal effects can limit the evolvability of
reproductive fitness and, more fundamentally, the evolution of longevity.

julia.schroeder@gmail.com
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Evolutionary Implications of Trans-generational Epigenetic Effects

Uller T*
'University of Oxford, Edward Grey Institute, Department of Zoology, Oxford, United Kingdom

Summary statement:

Analysing how epigenetic mechanisms transmit information clarifies their role in inheritance and
evolution

Abstract:

One of the most exciting aspects of epigenetic mechanisms is their involvement in the inheritance of
phenotypes across generations. However, it remains unclear what the evolutionary implications of
epigenetic inheritance are. Taking a developmental perspective, | show that epigenetic mechanisms,
such as DNA methylation, can serve two fundamentally different adaptive functions in trans-
generational inheritance; as transmission of environmental information from one organism to its
immediate offspring, or as information generated by natural selection on variants stably transmitted
down a lineage of organisms. Only the latter forms an inheritance system on a par with genetic
inheritance. However, the former — which may give rise to trans-generational plasticity — has more
important roles for phenotypic evolution than previously appreciated, for example, by contributing
to the generation and retention of novel phenotypic variation. Analysing the potential for epigenetic
effects to act as channels of information clarifies the extent to which epigenetic mechanisms can
form the basis of an inheritance system analogous to DNA and provides a formal framework for
addressing the adaptive evolution of epigenetically-based trans-generational plasticity.

tobias.uller@zoo.ox.ac.uk
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High temperature stress affects nuclear topology and transcription status of repetitive
sequences in rye seedlings

Brazdo J!, Tomds D, Carvalho L', Viegas W?, Silva M*
Technical University of Lisbon, Centro de Botanica Aplicada a Agricultura, Seccdo de Genética,
Instituto Superior de Agronomia, Lisboa, Portugal

Summary statement:

High temperature induces descondensation of rDNA and subtelomeric sequences, nucleoli area
increase and enhanced rDNA transcription level in rye

Abstract:

All organisms are exposed to environmental stimuli that can induce stress situations and plants
sessile life style renders impossible the ability to avoid environment negative impacts. Heat stress
(HS) induces the switch on of heat shock proteins and transcription factors, affecting gene expression
patterns. However, little is known about HS effects on physical organization and transcription
patterns of repetitive sequences. To address this question we characterized chromatin topology and
transcription levels of 45S rDNA and repetitive pSc200 sequences in rye seedlings subjected to high
temperature treatment (4hours 400C) using fluorescence in situ hybridization (FISH) in interphase
nuclei and Real Time quantitative PCR, respectively. Additionally, we used imunocytochemestry with
fibrillarine antibody to evaluate nucleoli morphology and dynamics.

The results obtained clearly demonstrated that high temperature induces decondensation of both
repetitive sequences analyzed, as well as an increase in nucleolar area. 455 rDNA expression level is
increased by high temperature stress, whereas transcription level of subtelomeric non-coding
sequences (pSc200) is not affected. rDNA chromatin organization and nucleoli dimension changes
seem to result from an higher requirement of ribosome synthesis need to accompany the increase in
protein synthesis after HS, although we cannot rule out the hypothesis of cell cycle arrest. Our work
unravels the role of repetitive coding and non-coding sequences nuclear topology and transcription
modulation in the epigenetic control of plant pathways involved in stress response.

manuelasilva@isa.utl.pt
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Epigenetic variation across generations

Colot V!
YInstitut de Biologie de I'Ecole Normale Supérieure, CNRS UMR8197 - INSERM U1024, Paris, France

Summary statement:

Genome-wide epigenetic perturbation can rapidly generate heritable variation for complex traits.

Abstract:

The heritable basis of phenotypes has long been assumed to depend on the transmission of DNA
sequence alleles from parents to offspring. However, this view is being increasingly challenged by the
observation that changes in chromatin states, which are central to the control of genome activity,
can in some instances be inherited through multiple sexual generations independently of any DNA
sequence change. This so-called epigenetic inheritance of chromatin states concerns primarily
transposable elements and other repeats. Although it is best documented in plants and often
involves differential DNA cytosine methylation, we still know very little about what causes
transgenerational epigenetic variation or how stable and prevalent it is. | will describe our efforts at
answering these questions using epigenetic recombinant inbred lines (epiRILs) that were obtained by
crossing two parents with near identical genomes but contrasted DNA methylomes. | will show how
these epiRILs are enabling us to assess genome-wide the stability of DNA methylation variants as well
as their impact on phenotypes and the physical integrity of the genome.

colot@biologie.ens.fr
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Epigenetic processes in Scabiosa columbaria, the first steps into studying the role of
epigenetic variation in an ecological evolutionary perspective

Groot MP', Vergeer P*, Ouborg NJ*
'Radboud University Nijmegen, Molecular Ecology, Nijmegen, Netherlands

Summary statement:

Epigenetic processes in Scabiosa columbaria, the first steps into studying the role of epigenetic
variation in an ecological evolutionary perspective.

Abstract:

There is increasing evidence that epigenetic variation and processes play a more important role in
phenotypic variation and microevolution than previously thought. Several studies with plants have
shown that there is natural epigenetic variation, and that this variation is responsible for heritable
variation in phenotypic traits. Moreover, previous research shows that exposure to different
environmental factors may alter epigenetic processes such as DNA methylation. There are four main
questions that require an answer to find out how important epigenetic variation is in ecological
evolutionary processes; what is the extent and distribution of epigenetic variation? What is the effect
of environmental change on epigenetic variation? What are the phenotypic consequences of
epigenetic variation? And are these epigenetic effects heritable?

To answer these questions we will use a new model species for ecological genomics, namely Scabiosa
columbaria. By choosing a plant with different ecology and life-history than the general genetic
model plant, Arabidopsis thaliana, we are also testing for the generality of results that are already
obtained from Arabidopsis. We will present our first results towards answering our questions.

m.groot@science.ru.nl
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Large-scale screening of natural epigenetic variation in a broad European collection of A.
thaliana

Lampei C', Schmid K*
1University Hohenheim, Institute of Plant Breeding, Seed Science and Population Genetics (350),
Stuttgart, Germany

Summary statement:

First results and design of a two generations transplanting experiment, to evaluate the relative
contribution of genetic and epigenetic variation to adaptive phenotypic variation.

Abstract:

Recent epigenomic studies in A. thaliana repeatedly showed that epigenetic variation is responsible
for phenotypic variation in potentially adaptive traits. Furthermore, it was suggested that some of
this variation may be heritable over several generations. These findings offer the possibility that
environmentally induced epigenetic changes may accelerate adaptation to changing climatic
conditions. However, most studies are conducted in highly controlled environments what makes it
difficult to judge the fitness relevance of epigenetic variation under natural conditions. To investigate
the relative importance of epigenomic variation and the possibility of accelerated adaptation we
conduct a transplanting experiment along an environmental gradient in southern Germany. Mother
plants, originating from a wide geographic range, are raised in a full-factorial experimental design in
three sites which differ strongly in winter minimal and all year average temperature. The offspring
will than be transplanted among the sites in the following year. In addition to phenotyping of
adaptive traits, we will re-sequence both, the genome and the methylome, which will enable us to
guantify the relative contribution of both to variation in the phenotype using techniques of genome-
wide association mapping. First results show strong differences among ecotypes in winter survival in
the coldest side, suggesting differential frost tolerance.

Here we present results of phenotyping of the first years experiment and the design of the complete
project.

christian.lampei@uni-hohenheim.de
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Epigenetic variation causes heritable variation in induced plant defenses and pathogen
resistance

Latzel V', Zhang Y*, Moritz KK', Slaughter A?, Mauch-Mani B, Fischer M*, Bossdorf O*
1University Bern, Institute of Plant Sciences, Bern, Switzerland, 2University of Neuchatel, Laboratory
of Cell and Molecular Biology, Neuchatel, Switzerland

Summary statement:

Epigenetic variation causes variation in induced defences and consequently in resistance to pathogen
in Arabidopsis thaliana.

Abstract:

There is currently much speculation about the potential role of epigenetic variation as an additional,
hitherto overlooked, determinant of heritable variation in important plant traits. However, we still
know very little about the phenotypic consequences of epigenetic variation, in particular with regard
to more complex traits related to the ecological interactions between plants and other species. Here,
we explored to what extent heritable variation in DNA methylation affects plant responses to
jasmonic acid (JA) and salicylic acid (SA), two important hormones involved in the induction of plant
defences against herbivores and pathogens, respectively, as well as the actual plant resistance to the
bacterial pathogen Pseudomonas syringae. In order to be able to unambiguously ascribe phenotypic
differences to epigenetic variation, we used epigenetic recombinant inbred lines (epiRILs) of
Arabidopsis thaliana — lines that are genetically very similar but variable at the level of DNA
methylation. Plant resistance P. syringae was quantified both through the growth responses of plants
as well as through real-time PCR assays of pathogen abundances. We found that the epiRILs not only
differed in their mean phenotype, but that there were also significant differences in the degree to
which they responded to treatment with JA or SA, and in their resistance to P. syringae. Our study
thus demonstrates that epigenetic variation alone can cause heritable variation and thus potentially
microevolution of plant defences. It is possible that part of the variation and adaptation of plant
defences observed in natural populations is due to underlying epigenetic rather than genetic
variation.

latzel@ips.unibe.ch
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The interaction between genetic, epigenetic and environmental variation: Effects of
inbreeding

Vergeer P*, Wagemakers N*, Ouborg J*
'Radboud University Nijmegen, Molecular Ecology, Nijmegen, Netherlands

Summary statement:

Substantial differences in epigenetic variation was observed in response to different environmental
factors and these differences increased with increased levels of inbreeding.

Abstract:

One of the most intriguing current puzzles of evolutionary plant biology is to understand the role of
epigenetic processes in ecology and evolution: How do plants respond to environmental changes and
what is the role of epigenetic processes in these evolutionary processes? Theory predicts that
genetically eroded populations, such as inbred populations, have a poor ability to adapt to
environmental changes due to a lack of genetic variation. However, epigenetic variation may provide
populations, independently of genetic variation, with the plasticity needed to cope with
environmental changes.

We studied phenotypic and epigenetic variation of Scabiosa columbaria in response to different
environmental factors, such as nitrogen, drought, salinity and herbivory. Substantial differences in
phenotypic as well as epigenetic variation were observed in response to different environmental
factors. In an experiment, with over 20 families selected from populations from the UK, the
Netherlands and France, epigenetic variation, scored as the percentage of methylation using MSAP
markers, increased significantly in inbred individuals compared to outbred individuals. Environmental
stressors resulted in lower methylation levels in inbred individuals, whereas no such patterns were
observed in outbred individuals. The ecological consequences of the differences in epigenetic
variation between inbred and outbred plants will be discussed.

p.vergeer@science.ru.nl
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Epigenetic inheritance in apomictic dandelions

Verhoeven K*
'Netherlands Institute of Ecology, Terrestrial Ecology, Wageningen, Netherlands

Summary statement:

In dandelions, exposure to environmental stress leads to epigenetic changes that are passed on to
offspring. The consequences for offspring are explored.

Abstract:

Environmental factors can trigger epigenetic modifications and epigenetic information can in some
instances be transmitted between generations. These observations have fueled speculation about
the contribution of “soft inheritance” to heritable trait variation and adaptation. However, this
contribution remains largely undemonstrated. Using apomictic dandelions as a model system we
explored natural causes of heritable DNA methylation variation, including ploidy level change (which
occurs naturally when new triploid apomicts arise in crosses between diploid mothers and polyploid
pollen donors) and environmental stress. Exposure to various biotic and abiotic stresses triggered
genome-wide DNA methylation changes, as detected by methylation-sensitive AFLP markers. Most of
the induced changes were faithfully transmitted to offspring. In order to demonstrate
transgenerational epigenetic inheritance that is relevant to ecology and evolution, it needs to be
established that the stress-induced epigenetic modifications cause heritable effects on
transcriptomes and traits, and that they persist for more than one offspring generation. | will discuss
ongoing work that addresses these aspects in the dandelion system.

k.verhoeven@nioo.knaw.nl
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Epigenetic variation can cause heritable variation in complex traits and phenotypic
plasticity

Zhang Y, Fischer M*, Bossdorf O
1University of Bern, Institute of Plant Sciences, Bern, Switzerland

Summary statement:

The experiments with epiRILs suggests that DNA methylation variation alone can cause variation and
microevolution.

Abstract:

We now know that heritable phenotypic variation within species can not only be caused by
underlying genetic variation, but also by heritable variation in epigenetic modifications of the
genome, such as DNA methylation. However, in most systems it is impossible to disentangle genetic
and epigenetic effects, and to unambiguously demonstrate the phenotypic consequences of
epigenetic variation. A rare exception are epigenetic recombinant inbred lines (epiRILs) of
Arabidopsis thaliana, which are genetically identical but significantly different at the level of DNA
methylation. We used these epiRILs to thoroughly test for the effects of epigenetic variation on
complex plant traits and the plasticity of plants to different environmental changes. We planted
replicates of 134 epiRILs as well as several control lines into three different environments (control,
drought, nutrient addition), and examined the heritability of phenotypic traits (flowering time, root:
shoot ratio, biomass, reproductive allocation, fitness), as well as their plasticity across environments.
We found significant heritability in all of these traits, and we also found significant variation in
plasticity among the epiRILs, which suggests that DNA methylation variation alone can cause
variation, and thus presumably also microevolution, in such important plant traits. While there was a
positive correlation between the drought tolerance and nutrient plasticity of epiRILs, variation was
uncorrelated for several of the other measured traits, such as growth and flowering time, which
suggests that these traits have a different epigenetic basis.

zhang@ips.unibe.ch
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Within species patterns of reproductive isolation and the role of cyto-nuclear interactions

Barnard-Kubow KB, Galloway LF'
'University of Virginia, Department of Biology, Charlottesville, United States

Summary statement:

Cytonuclear interactions contribute to substantial intraspecific reproductive isolation in a plant
species. Chloroplast divergence partially explained observed hybrid inferiority.

Abstract:

Genetic incompatibilities are one of the primary causes of reproductive isolation associated with the
formation of new species. Most studies of genetic incompatibilities have focused on interactions
between nuclear genes. However, given the role the organelles play in both respiration and
photosynthesis, co-adaptation of the nucleus and cytoplasm within populations and cytonuclear
incompatibilities between populations are both likely to occur and may play a significant role in the
speciation process. We studied the role of cytonuclear interactions in reproductive isolation in the
plant species Campanulastrum americanum. Populations from across the species range were crossed
and the F1 hybrids were examined for the presence of hybrid breakdown. In addition, chloroplast loci
were sequenced to construct a phylogeny and determine chloroplast divergence between
populations. F1 hybrid breakdown was observed in crosses between Appalachian populations and
other populations, with up to an 84% reduction in viability relative to the parents. Other crosses
showed no hybrid breakdown. Asymmetrical breakdown between reciprocal F1 hybrids was
common, indicating the role of cytonuclear incompatibilities. Cytonuclear incompatibilities were
further supported by leaf variegation in the F1. Chloroplast genetic distance was correlated with
degree of hybrid breakdown, but did not fully explain the observed patterns of reproductive
isolation. Our results indicate the importance of cytonuclear incompatibilities in intraspecific
reproductive isolation, and suggest that such incompatibilities may contribute significantly to the
speciation process.

kbkubow@virginia.edu
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Novel protein genes in animal mtDNA: a new sex determination system in freshwater
mussels (Bivalvia: Unionoida)?

Breton S!
'Kent State University, Biological Sciences, Kent, United States

Summary statement:

This study demonstrates that the genetic and functional repertoire of animal mtDNA is considerably
greater than typically acknowledged.

Abstract:

Mitochondrial function depends critically on optimal interactions between components encoded by
mitochondrial and nuclear DNAs. Strict maternal mtDNA inheritance (SMI) is thought to have evolved
in animal species to maintain mito-nuclear complementarity by preventing the spread of selfish
mitochondrial elements thus typically rendering mtDNA heteroplasmy evolutionarily ephemeral.
Here we show that mtDNA intra-organismal heteroplasmy can persist for hundreds of millions of
years. We demonstrate that the only exception to SMI in the animal kingdom, i.e., the doubly
uniparental mtDNA inheritance system in bivalves, with its three-way interactions among egg mt-,
sperm mt- and nucleus-encoded gene products, is tightly associated with the maintenance of
separate male and female sexes (dioecy) in freshwater mussels. Specifically, this mother-through-
daughter and father-through-son mtDNA inheritance system, containing highly differentiated mt
genomes, is found in all dioecious freshwater mussel species. Conversely, all hermaphroditic species
lack the paternally transmitted mtDNA (= possess SMI) and have heterogeneous macromutations in
the recently discovered, novel protein-coding gene (F-orf) in their maternally transmitted mt
genomes. Our results support the hypothesis that proteins coded by the highly divergent maternally
and paternally transmitted mt genomes could be directly involved in sex determination in freshwater
mussels. Concomitantly, our study demonstrates novel features for animal mitochondrial genomes:
the existence of additional mtDNA-encoded proteins with functional significance and the
involvement of mtDNA-encoded proteins in extra-mitochondrial functions.

breton.sophie@gmail.com
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The causes and consequences of of nuclear-mitochondrial incompatibilities in hybrid
breakdown between allopatric populations

Burton RS'
'Scripps Institution of Oceanography, Marine Biology Research Division, La Jolla, United States

Summary statement:

Mitonuclear interactions sensitive to hybrid breakdown include not only the synthesis of ATP energy,
but also the replication and transcription of the mitochondrial genome itself.

Abstract:

Despite widespread use of mtDNA as a powerful marker for evolutionary analyses, the complexity of
selective forces acting on the mitochondrial genome remains under-appreciated. Animal cells rely
the mitochondrial electron transport system (ETS) for ATP production; four of the five ETS complexes
are composed of subunits encoded in both the mtDNA and nuclear genomes. The maintenance of
functional interactions among nuclear and mtDNA encoded ETS subunits is the most widely cited
driver of intergenomic coadaptation. However, mitonuclear coadaptation extends far beyond
structural interactions among ETS subunits. The two genomes experience different mutation, repair
and inheritance, and they are separately replicated, transcribed, and translated. It is not surprising,
then, that then as populations diverge in allopatry, a diversity of mitonuclear incompatibilities may
arise.

Allopatric populations of the copepod Tigriopus californicus readily interbreed in the lab, producing
hybrids that consistently show F1 hybrid vigor but F2 hybrid breakdown. Several lines of evidence
suggest that mitonuclear interactions underlie much of the loss in fitness in F2 and later hybrids. In
addition to disruption of interactions among proteins involved in the ETS, transcription of the entire
mtDNA genome may be impacted by changes in non-coding regions of the mtDNA that function in
the initiation of transcription by the nuclear-encoded RNA polymerase and associated transcription
factors. Hypotheses regarding the importance of these interactions in generating hybrid breakdown
can now be directly tested using tools such as RNA interference and high throughput transcriptome
sequencing.

rburton@ucsd.edu
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Mitogenomics of European Mytilus mussels

Burzynski AS', Smietanka B*, Zbawicka M, Sariko T*, Wenne R*
'Institute of Oceanology Polish Academy of Sciences, Genetics and Marine Biotechnology, Sopot,
Poland

Summary statement:

The data set consisting of several dozen complete mitochondrial sequences from animals having two
divergent mitochondrial genomes reveals the complexities of cytoplasmic evolution.

Abstract:

The unusual mitochondrial inheritance system known as Doubly Uniparental Inheritance (DUI) first
discovered in marine bivalves from the genus Mytilus gives the unique opportunity to study
evolution of two divergent mitochondrial genomes within the same species. Under DUI, in addition
to the usual, maternally inherited genomes present in both sexes (maternal lineage) some
mitochondrial genomes, present exclusively in males, are inherited paternally forming the second,
paternal lineage. The two lineages diverged before the speciation occurred within the three-species
Mytilus edulis species complex (consisting of M. edulis, M. galloprovincialis and M. trossulus) and so
the two mitochondrial genomes of a single individual may differ, on average by 20%. Several
interesting features of mitochondrial evolution have been described within this system: variable
evolutionary rate (the paternal lineage evolves faster), inter-species introgression in the context of
cross-species hybridisation, inter-lineage recombination, and possible involvement of positive
selection acting on the mitochondrial genome. To better understand the forces governing the
evolution of mitochondrial DNA in this complex system we have sequenced a sample set of several
dozen complete mitochondrial genomes, representative for the European populations of all three
species. The detailed analysis of this mitogenomic data set allowed us to precisely date the major
evolutionary events and evaluate the role of drift, selection and recombination in shaping the
observed pattern of polymorphisms in extant Mytilus mitochondrial genomes. These may have big
implications for the evolution of mitochondrial genomes in general.

aburzynski@iopan.gda.pl
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Changes in mitochondrial DNA molecule conformations: The case of the atypical mtDNA of
terrestrial isopods (Metazoa; Crustacea)

Doublet V*?, Helleu Q% Souty-Grosset C°, Marcadé I°
"Martin-Luther-Universitt Halle-Wittenberg, Institut fiir Biologie, Halle (Saale), Germany, *Université
de Poitiers, Laboratoire Ecologie Evolution Symbiose, Poitiers, France

Summary statement:

Atypical mtDNA of terrestrial isopods is composed of two uncommom molecules that are supposed
to have been generated via the formation of haiprin structures in the control region.

Abstract:

Coexistence of multiple molecular forms in mitochondrial DNA (mtDNA) is common in plant or protist
mitochondria but not in metazoan. The atypical mtDNA of terrestrial isopods present two uncommon
molecular forms: ~14kb linear monomers associated to ~28kb head-to-head circular dimers. Previous
sequencing of the terrestrial isopod Armadillidium vulgare mtDNA failed to obtain the control region
sequence, tought to be present at the extremities of linear molecules and at the junction zones of
the circular dimers. Recently, we succeed in this sequencing for several individuals, thus completing
the mitochondrial genome sequence. These sequences obtained with primers designed from linear
monomers extremities indicate that standard circular monomeric molecules might also be presentin
the atypical mtDNA of A. vulgare. Their alignment shows a particular section showing inverted
repeats that appear in reverse orientations according to the sampled populations. Moreover, this
specific section, that putatively fold in a hairpin structure, has been found in both orientations in a
single individual, generating a heteroplasmy that testify the dynamical behavior of this sequence.
Such inverted repeats folding in hairpin structures have already been observed in yeasts mtDNA
where they are responsible of molecular conformation changes (i.e. from circular monomers to
circular dimers via linear monomers). Interestingly, the hairpin structure observed in A. vulgare
mtDNA control region is localised where linearization and dimerization of the atypical mtDNA should
take place, thus confirming that different molecular shapes in terrestrial isopods might be generated
from one to another.

vincent.doublet@zoologie.uni-halle.de
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Could selection for mitonuclear co-adaptation explain the evolution of two sexes?

Hadjivasiliou Z*, Pomiankowski A%, Seymour RM?, Lane N*
'UCL, CoMPLEX, London, United Kingdom, “UCL, GEE, London, United Kingdom, *UCL, Mathematics,
London, United Kingdom

Summary statement:

Could selection for mitonuclear coadaptation explain the evolution of uniparenatal inheritance of
mtDNA and the existence of two sexes? We explore this using a mathematical model.

Abstract:

Mitochondria are descended from free-living bacteria that were engulfed by another cell some 2
billion years ago. A major redistribution of DNA led to genetic information being mainly maintained
by a large central genome in the nucleus supported by a smaller genome held by the mitochondria.
Oxidative phosphorylation, the most vital function of mitochondria, is carried out by proteins
encoded by both nuclear and mitochondrial genes. ATP synthesis therefore depends on the
functional compatibility of proteins encoded by distinct genomes that can have radically different
tempi and modes of evolution. It has been postulated that the existence, or maintenance, of two
sexes may be explained by the requirement for mitonuclear coadaptation. This hypothesis suggests
that the major features of mitochondrial inheritance, notably uniparental inheritance and
bottlenecking act to enhance the coadaptation of mitochondrial and nuclear genes. We explore this
possibility using a mathematical model. This allows us to specify the conditions under which selection
for mitonuclear coadaptation could favour the evolution of uniparental inheritance of mitochondria
and so the existence of two sexes.

zena.hadjivasiliou.09@ucl.ac.uk
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Sex and selfishness: Experimental evolution of parasite virulence

Harrison E', MacLean RC?, Koufopanou V°, Burt A’

'University of Liverpool, Institute of Integrative Biology, Liverpool, United Kingdom, *University of
Oxford, Dept. of Zoology, Oxford, United Kingdom, *Imperial College London, Silwood Park Campus,
Ascot, United Kingdom

Summary statement:

Using an experimental evolution approach, we demonstrate that sexual reproduction selects for
increasing virulence in two extra-chromosomal elements of Saccharomyces cerevisiae.

Abstract:

Genetic elements that are transmitted in a non-Mendelian manner can be subject to within-
individual selection as well as the more conventional between-individual selection. The magnitude of
this within-individual selection depends on the breeding system, being larger in outcrossed species
and smaller in inbred or asexual species. We have studied the effect of varying the magnitude of the
within-individual component of selection by analyzing the evolution of two extra-chromosomal
elements in experimental sexual and asexual populations of Saccharomyces cerevisiae. The 2 micron
plasmid is a biparentally transmitted, multicopy element which appears to be entirely parasitic. In
contrast, mitochondria are established endosymbionts in the cell, which in S. cerevisiae are also
biparentally inherited. In asexual populations, the fitness of extra-chromosomal elements is entirely
linked to that of the host, and selection to minimize harm is strong. However, in sexual populations,
elements which do not adhere to Mendelian inheritance are able to spread, and host imposed
selection is reduced. As predicted, we find that sexually reproducing populations are subject to that
sexual populations are subject to both an increase in plasmid burden, and the invasion of non-
functional ‘selfish’” mitochondrial mutants. To our knowledge, this is the first experimental
demonstration of parasite virulence evolving in response to the host sexual system.

ellie.harrison@liverpool.ac.uk
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Experimental evidence for a sex-specific selective sieve in mitochondrial genome evolution

Innocenti P*, Morrow EH", Dowling DK’
'Uppsala University, Uppsala, Sweden, 2Monash University, School of Biological Science, Melbourne,
Australia

Summary statement:

Different mtDNA strains have major effects on male, but not female, nuclear gene expression in D.
melanogaster, suggesting sex-specific mutation accumulation.

Abstract:

Mitochondria are maternally transmitted, hence their genome can only make a direct and adaptive
response to selection through females, while males represent an evolutionary dead-end. In theory,
this creates a sex-specific selective sieve, enabling deleterious mutations to accumulate in
mitochondrial genomes if they exert male-specific effects. We tested this hypothesis, expressing five
mitochondrial variants alongside a standard nuclear genome in Drosophila melanogaster, and found
striking sexual asymmetry in patterns of nuclear gene expression. Mitochondrial polymorphism had
few effects on nuclear gene expression in females but major effects in males, modifying nearly 10%
of transcripts. These were mostly male-biased in expression, with enrichment hotspots in the testes
and accessory glands. Our results suggest an evolutionary mechanism that results in mitochondrial
genomes harboring male-specific mutation loads.

paolo.innocenti@ebc.uu.se
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Mitochondrial genome evolution and body size in the Nematoda

Lagisz M", Poulin R', Nakagawa S'
'University of Otago, Department of Zoology, Dunedin, New Zealand

Summary statement:

Exploring mitochondrial genomes of the Nematoda

Abstract:

The rate of molecular evolution varies greatly among species and has been linked to various factors
such as body size, longevity and generation time. To obtain an insight into the evolution of
mitochondrial genomes within the Nematoda, we analysed the mtDNA genomic sequences of 46
species. We looked at the genome size, gene order, genomic rearrangements, nucleotide
composition and rates of sequence evolution. We uncovered extensive mitochondrial genomic
diversity within the Nematoda; in other words, genomes vary considerably in their size, gene
content, gene order, amount of non-coding regions, nucleotide composition, and the rates of
sequence evolution. Furthermore, we examined associations between the aforementioned traits and
nematode body size, used as a proxy for longevity and generation time, in order to test the
mitochondrial theory of aging. Additionally, we look at the effects of the lifestyle, host type and host
size to understand the patterns of mitochondrial genome evolution.

losialagisz@yahoo.com



13" Congress of the European Society for Evolutionary Biology
Tiibingen 2011

MON 22 AUG at 1440 - Room N4 oYyl
Invited talk B3-Sy13-1440- ‘

Symposium 13
Evolution outside of the nucleus

Paternal leakage and heteroplasmy of the mitochondrial genome in the plant Silene
vulgaris

McCauley DE!
Vanderbilt University, Biological Sciences, Nashville, United States

Summary statement:

Mitochondrial paternal leakage and heteroplasmy in the plant Silene vulgaris will be described, along
with evolutionary consequences for its breeding system and genome.

Abstract:

In plants it is usually the case that the mitochondrial genome is maternally inherited. However,
recent studies have questioned this in the gynodioecious plant Silene vulgaris. Results of
experimental crosses will be presented documenting a low frequency of paternal leakage of
mitochondrial gene markers. Most often this leakage results in a degree of bi-parental inheritance
and heteroplasmy, though very rare cases of pure paternal inheritance also occur. When
heteroplasmy is already in the maternal lineage it can be transmitted to the next generation, or lost,
according to the rules of vegetative sorting. Heteroplasmy has also been observed in a small
percentage individuals sampled from natural populations of S. vulgaris, and paternal leakage has
been inferred from the genetic composition of open pollinated progeny arrays derived from
homoplasmic individuals. Consequences of this leakage and resulting heteroplasmy will be discussed,
including the potential impact of leakage on the evolution on gynodioecious systems with cyto-
nuclear sex determination, and the impact of heteroplasmy on the outcome of recombination
between mitochondrial genomes. An apparent discordance between the rate of leakage seen in the
crosses and the level of heteroplasmy seen in natural populations will also be discussed.

david.e.mccauley@vanderbilt.edu
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Comparative study of the evolution of mitochondrial and chloroplast genomes respect to
the tree of life

Mer AS', Reynaud EG? Andrade MA'

'Max-Delbrueck-Centrum fuer Molekulare Medizin (MDC), Computational Biology and Data Mining
Group, Berlin, Germany, *University College Dublin, School of Biology and Environmental Science,
Dublin, Ireland

Summary statement:

We are analysing organelle (mitochondrial and chloroplast) genomes evolution with respect to the
tree of life.

Abstract:

The evolution of organelle genomes (e.g. mitochondria and chloroplast) goes in the direction of
moving genes to the nuclear genome to produce a reduced genome. However, in different branches
of the tree of life this process has occurred on different genes. The recent increase in the number of
complete organelle genomes sequenced (currently around 6300 mitochondrial and 213 chloroplast
are available from [GOBASE: an organelle genome database, NAR, 2009]) allows to study this process
in detail. We are exploring how organelle genomes are similar to each other in terms of orthologous
genes in order to identify ancient events of organelle genome evolution. We discuss the correlation
of these events to the structure of the tree of life.

arvind.mer@mdc-berlin.de
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Epistasis and the evolution of the mitochondrial DNA in Drosophila

Montooth KL', Meiklejohn CD?, Rand DM?

'Indiana University, Biology, Bloomington, United States, “University of Rochester, Biology,
Rochester, United States, *Brown University, Ecology and Evolutionary Biology, Providence, United
States

Summary statement:

Mitochondrial-nuclear incompatibilities do not fix between Drosophila species, despite the potential
for strong epistasis that compromises metabolic fitness.

Abstract:

Mitochondrial and nuclear genomes are posited to diverge coordinately under positive selection to
enable adaptation to new physiologies, ecologies and life histories, and/or as the consequence of
compensatory evolution. A prediction of this co-evolutionary model is that more divergent lineages
should accumulate more incompatibilities between mitochondrial and nuclear genomes. Using
strains that precisely combine mitochondrial and nuclear genomes from different species, we show
that this is not the case in the D. melanogaster subgroup. mtDNAs from D. simulans and D.
mauritiana are largely compatible with the D. melanogaster nuclear genome. This pattern contrasts
with other invertebrates, such as the parasitic wasp Nasonia and the marine copepod Tigriopus.
These taxonomic differences likely arise from differences in the rates of substitution in the mtDNA
due to differences in population structure, the presence of cytoplasmic driving elements, and the
mutational process. The mtDNA of Drosophila appears to maintain function not through
compensation of deleterious substitutions by the nuclear genome, but through a largely effective
mutation-selection balance. Nevertheless, this happens in the face of the potential for strong
epistasis for fitness that can arise between mitochondrial and nuclear variants that segregate within
species. We have currently mapped one particular mitochondrial-nuclear incompatibility to the
causal nucleotides. | will discuss the consequences of this epistatic interaction, which putatively
impacts mitochondrial protein synthesis, for the fate of nucleotide variants in mitochondrial
genomes.

montooth@indiana.edu
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Recombination in Control Region precedes masculinization of Mytilus mitochondrial DNA

Sariko TJ, Filipowicz M*, Burzyriski A*
'Institute of Oceanology Polish Academy of Science, Genetics and Marine Biotechnology Department,
Sopot, Poland

Summary statement:

Recombination in Control Region of Mytilus mitochondrial DNA may be just the first step in
masculinization of the female mitochondrial genome.

Abstract:

The Mytilus mitochondrial (mt) genome is structurally similar to mitochondrial DNA (mtDNA) of other
animals but it features quite unique genetics. Contrary to other animals, Mytilus mtDNA is inherited
through two separate lineages (Doubly Uniparental Inheritance): males are heteropalsmic, having
mtDNA both from their fathers (in germ cells) and from their mothers (in somatic cells) whereas
females are homoplasmic, having only mtDNA from their mothers. The male mt genome (M genome)
is evolving at much higher rate and under lower selective pressure than the female genome (F
genome).

The F genome is known to occasionally invade the paternal lineage of inheritance in the process
called role-reversal or masculinization. There have been several reports on masculinization in
Mytilus. It has been postulated that mosaic Control Region (CR) sequences are indicative of the
genome masculinization. We have sequenced and compared CR and coding fragments of the recently
masculinized genome from one male specimen from Baltic M. trossuslus with its closest but not
masculinized relative - the genome isolated from a female M. galloprovincialis. In both genomes the
CRs had similar recombinant M-F structures, but only the Baltic genome showed the signature of
masculinization: faster evolutionary rate and relaxed selection.

This is consistent with the hypothesis that CR recombination may precede masculinization. However,
the mosaic CR structure by itself should not be taken as a proof of the genome masculinization.

sathom@iopan.gda.pl
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Rapid evolution of mitochondrial genome size and structure in lineages with accelerated
mutation

Taylor DR, Sloan DB!
'University of Virginia, Department of Biology, Charlottesville, United States

Summary statement:

Accelerated rates of mitochondrial mutation in the genus Silene are associated with rapid and
profound changes in genome architecture and complexity.

Abstract:

Comparisons across nuclear and organelle genomes from diverse eukaryotes have suggested that
increased mutational pressure selects for reduced genome complexity. In the angiosperm genus
Silene, a recent ~100-fold acceleration in the mitochondrial mutation rate presents a unique
opportunity to explore this hypothesis. We sequenced the mitochondrial genomes of four Silene
species with highly divergent mutation rates. Contrary to expectations, high mutation rate genomes
exhibited a dramatic proliferation of non-coding content to the extent that they are by far the largest
known mitochondrial genomes, surpassing even the genome size of free-living bacteria that share
the most recent common ancestor with the mitochondrion. Genomes with low mutation rates
occupy the lower end of the angiosperm size range, thus ~98% of the known range of organelle
genome size is captured in this single genus. These immense genomes have also undergone rapid
changes in many aspects of genome architecture and recombinational activity, including novel multi-
circular structures. Thus, the evolution of many elements of eukaryotic genome diversity can be
studied in this experimental system.

dougtaylor@virginia.edu
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Reproductive parasitism and gene flow modification

Telschow A', Kobayashi Y2, Flor M?, Werren JH*, Hammerstein P*

'Westfalian Wilhelms University Muenster, Institute for Evolution and Biodiversity, Muenster,
Germany, “University of Tokyo, Tokyo, Japan, *Humboldt-University of Berlin, Berlin, Germany,
4University of Rochester, Rochester, United States

Summary statement:

Reproductive parasites like Wolbachia modify host gene flow and convert infected populations into
population genetic sinks if populations differ in the degree of infection.

Abstract:

The term reproductive parasitism is commonly used to describe infective agents that manipulate the
reproductive system of their host to their own advantage. Among the reproductive manipulations
are feminization, male killing, and cytoplasmic incompatibility. Well studied reproductive parasites
belong to the bacterial groups Wolbachia, Rickettsia, Cardinia, Arsenophonus, and Spiroplasma. The
wide distribution of these bacterial groups among arthropods makes the study of reproductive
parasitism an important topic in evolution. The present (theoretical) study is motivated by the
(experimental) findings that different host populations often differ with respect to their infection
state, i.e. some populations are infected while others are not or with a different strain. Based on
these findings we constructed several population genetic models in order to investigate how such
infection polymorphism affect the gene flow between populations. To measure gene flow we make
use of the concept of effective migration rate. Our analysis revealed that, generally, infection with
reproductive parasites modify host gene flow. Interestingly, populations with highest degree of
infection are thereby converted into population genetic sinks. This is true for all forms of
reproductive parasitism. These results give general insights to the evolution of selfish genetic
elements. We discuss the implications with respect to host evolution and host-parasite coevolution,
especially speciation and local adaptation.

arndt.telschow@helmholtz-hzi.de
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Evolution of elaborate parental care: genetic architecture of complex suites of parental &
offspring behaviours

Andrews C', Smiseth PT*, Kruuk LEB*
'University of Edinburgh, Institute of Evolutionary Biology, Edinburgh, United Kingdom

Summary statement:

To better understand the evolution of elaborate parental care, we examine the genetic architecture
of suites of parental & offspring traits involved using an insect model system.

Abstract:

Parental care commonly involves complex suites of parental & offspring behaviours, such as
investment in eggs, preparation & provisioning of food, & offspring begging. Yet previous studies
have often focused on only a limited set of traits. Here, we further our understanding of the
evolution of elaborate parental care by analysing patterns of additive genetic variance for, & co-
variance between, multiple parental & offspring behaviours, & between these traits & components
of offspring fitness, using the burying beetle Nicrophorus vespilloides as model system. Using a full-
sib, paternal half-sib mating design, we estimate the effects of additive genetic variation, common
environmental effects, & the direction of genetic & environmental correlations between parental &
offspring traits. We first test the prediction that life-history trade-offs will give rise to negative
genetic covariances between traits. We next examine the extent to which genotype-by-environment
interactions affect parental & offspring behaviours, testing the prediction of higher additive genetic
variances & co-variances under conditions of greater resource availability. Finally, we test whether
combined effects of parental & offspring behaviours on offspring fitness favour co-adaptation,
resulting in genetic correlations between parental & offspring traits. Our study provides insights into
how the evolution of elaborate parental care is shaped by genetic architecture, including genetic
constraints, & by selection pressures acting on elaborate parental & offspring strategies.

clare.andrews@ed.ac.uk
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Indirect parental care using secreted antimicrobials increases offspring fitness in the
burying beetle Nicrophorus vespilloides.

Arce A', Johnston P?, Smiseth P*, Rozen D!

1University of Manchester, Faculty of Life Science, Manchester, United Kingdom, 2University of
Sheffield, Department of Animal and Plant Sciences, Sheffield, United Kingdom, *school of Biological
Science, Institute of Evolutionary Biology, Edinburgh, United Kingdom

Summary statement:

Nicrophorus vespiloides parents can dramatically increase the fitness of their offspring through the
application of antimicrobial secretions directly to a breeding resource .

Abstract:

Parental care represents the suite of behaviours parents use to tend dependent offspring before and
after their birth. While care is often viewed in terms of behaviours directed towards offspring, it can
also be characterized by indirect parental behaviours that modify, and thus improve, the offspring
developmental environment. Direct parental care in the form of larval provisioning is well known in
the burying beetle, Nicrophorus vespilloides. However, indirect care is likely to be of equal
importance, because larvae are reared on decomposing carrion facing intense competition from
harmful bacteria. Here we investigate the role and mechanistic basis of antibacterial secretions
applied to carcasses by N. vespilloides as a form of indirect parental care. We first confirm that
parental anal secretions are directly bactericidal, with effects specific to certain gram positive
bacteria. Next, we identify that the cause of bacterial lysis is due to an insect lysozyme, and show
that the concentration of lysozyme is developmentally regulated. Finally, using a novel in situ
developmental assay, we show that lysozyme is essential for larval survival and maximizing the rate
of larval growth. These results expand the repertoire of indirect parental care behaviours utilised by
insects to protect dependent offspring from microbial threats.

andres.arce@postgrad.manchester.ac.uk



13" Congress of the European Society for Evolutionary Biology
Tiibingen 2011

MON 22 AUG at 1730 - upper floor campus canteen Mensa f‘l"
Regular poster B5-Sy14-i001-R

Symposium 14
Family interactions

What'’s a few kilobases between family? Investigating telomere dynamics in the
cooperatively breeding Seychelles warbler

Barrett ELB', Burke T%, Komdeur J?, Richardson DS**

1University of East Anglia, School of Biosciences, Norwich, United Kingdom, 2University of Sheffield,
Department of Animal and Plant Sciences, Sheffield, United Kingdom, 3University of Groningen,
Animal Ecology Group, Groningen, Netherlands, “Nature Seychelles, Mahe, Seychelles

Summary statement:

We investigate whether telomere dynamics can be used as a bioindicator of the costs incurred by
differing forms of social behaviour in a wild population of Seychelles warbler

Abstract:

Understanding what shapes life-history evolution in cooperative breeding species is complex as the
costs and benefits of reproduction are spread among reproductive and non-reproductive group
members. While the benefits of cooperative breeding are measured in terms of direct and inclusive
fitness, costs prove difficult to measure. Telomere dynamics have gained considerable recent
attention as a potential biomarker of individual quality. Telomeres are repetitive DNA sequences that
act as a physical buffer to protect coding DNA. Telomeres can shorten with age due to processes
including oxidative stress; consequently telomeres may chronicle an individual’s life costs. Here, we
investigate whether telomere dynamics can be used to measure the costs of differential social
behaviour in a wild cooperative breeding species. In the Seychelles warbler (Acrocephalus
sechellensis) ecological constraints restrict independent breeding and consequently many individuals
become subordinates in an established group, often on their natal territory, where they 1) remain as
non helping subordinates, 2) become helpers or 3) become co-breeders. These alternative strategies
create a range of familial situations with dominant breeders that are either helped or not,
subordinate co-breeders that are helped, and non-breeding subordinates that do or do not help. We
investigate the prediction that reproductive costs are spread between dominant and subordinate
helpers, and that this can be measured in terms of telomere rate of change. Ultimately, we assess
whether telomeres can measure the costs associated with the fitness benefits of cooperative
breeding.

emma.barrett@uea.ac.uk
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Genetic influences on parental care in a beetle, Nicrophorus vespilloides

Bird C'
1University of Exeter, Biological Sciences, Penryn, United Kingdom

Summary statement:

We have demonstrated that the gene foraging plays an important role in controlling parental care
behaviour in a sub-social beetle, Nicrophorus vespilloides.

Abstract:

The burying beetle Nicrophorus vespilloides has highly developed parental care. Burying beetles
reproduce on vertebrate carcasses that the parents prepare and feed their offspring. Thus, parents
provide both indirect care in the form of protection, preparation, and maintenance of the carcass.
They also provide direct care by feeding their offspring regurgitated and pre-digested food. This level
of care is rare outside of eusocial species. Adults switch to caring after discovering a suitable carcass
for reproduction, and revert to non-caring state once the larvae disperse. Quantitative genetic
studies show that the amount of direct care given is genetically influenced and heritable. Studies in
other insects suggest that the gene foraging has an influence on behaviour in social insects,
particularly related to food acquisition. We hypothesise that changes in the level of expression of
foraging influence the initiation and cessation of parental care and the feeding behaviour associated
with it. We analysed foraging expression using QRT-PCR. We compared relative expression levels in
virgins, caring parents and parents that had completed their parenting. We found that in both male
and female the burying beetle homologue of foraging was more highly expressed during parental
care, returning to the lower level once care was completed. Pharmacological investigations show
that this is more than a correlation; caring parents treated with cGMP increased the intensity of
direct parental care, and prolonged the duration to the extent that the parents were willing to accept
and care for a second, unrelated brood. Levels of indirect care were not affected.

chloe.bird@exeter.ac.uk
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Sibling interactions in the least killifish (Heterandria formosa): do outbred offspring save
their inbred siblings in mixed-paternity broods or is it ‘each fish for itself’?

Blyth JE', Lindstrom K*
'Abo Akademi University, Turku, Finland

Summary statement:

Sibling interactions in the least killifish (Heterandria formosa): do outbred offspring save their inbred
siblings in mixed-paternity broods or is it ‘each fish for itself’?

Abstract:

The least killifish (Heterandria formosa) is a live-bearing poeciliid found throughout the south eastern
USA. Females provision foetuses after fertilisation (matrotrophy) through a placenta-like structure
and are able to carry several broods at different stages of development at the same time
(superfetation). In this species there is a complex network of interactions and conflicts between
relatives due to differences between the optimal levels of maternal provisioning for maximising
fitness. This complexity is compounded by polyandry which results in females provisioning mixed
paternity broods simultaneously. We used a series of mating experiments and paternity analysis to
establish whether outbred offspring from mixed paternity broods can ‘save’ their inbred half-siblings
when sharing communal resources i.e. do inbred offspring that develop with outbred siblings have
greater fitness and survival than offspring from entirely inbred broods? We determined parent size,
number of live/dead offspring born to each female, size of offspring at birth, offspring paternity,
birth-order and offspring gestation for the purpose of answering this question. We hypothesise that
inbred offspring in mixed broods may be ‘saved’ because their outbred siblings bring in enough
communal nutrients from the mother to sustain the whole brood. However, this may be at the
expense of the outbred offspring being unable to gain enough resources for optimal fitness. This is
important because it would suggest that female least killifish can increase their overall reproductive
success by using polyandry to counteract the costs of inbreeding, but that it comes with a fitness cost
for outbred offspring.

jblyth@abo.fi
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Maternal perception of the larval environment affects offspring performance but not
paternity

Bussiere LF*, Ward PI?, Buser CC?
1University of Stirling, Biological and Environmental Sciences, Stirling, United Kingdom, 2University of
Ziirich, Zoology Museum, Ziirich, Switzerland, >EAWAG, Aquatic Ecology, Duebendorf, Switzerland

Summary statement:

Maternal perceptions of larval competition have strong effects on offspring performance, but this
does not include adaptive paternity manipulation (i.e., cryptic choice).

Abstract:

The developmental performance of a genotype can vary substantially depending on the conditions in
which it finds itself immersed, and mothers are consequently expected to exercise strong choice
concerning oviposition sites. The extent to which females can also adaptively adjust the provisioning
or paternity of offspring for local conditions remains unclear. To determine how offspring fitness
depends on larval competitive environment, female perceptions of the larval environment, and sire
paternity, we mated female yellow dung flies (Scathophaga stercoraria) with two different males
each. We manipulated female perceptions of larval competition levels, and subsequently split
clutches across high and low competition conditions. We found that females lay more eggs in the
perceived absence of competition, especially when large in size. The effect of competition on
offspring survival and size but not development time depended on maternal perceptions, but
offspring performance was not better when the larval environment corresponded with maternal
perception of it. Finally the effects of competition on paternity did not depend on maternal
perceptions of larval environment, as would be expected if females were exercising adaptive cryptic
choice. In our experiment we fail to support adaptive sperm choice, but nevertheless suggest
surprising plasticity in maternal allocation that may function to improve direct fitness.

luc.bussiere@stir.ac.uk
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Parent-offspring conflict in humans and psychological disorders later in life: Evidence from
the Danish Health Registries

Byars SG*, Boomsma JJ*
'University of Copenhagen, Centre for Social Evolution, Department of Biology, Copenhagen,
Denmark

Summary statement:

Using health data contained in the Danish Health Registries we present initial findings from analyses
that test the recently developed imprinted brain theory of psychois and autism.

Abstract:

Parent-offspring conflict is a well-developed branch of kin selection theory, which has recently been
extended by genetic imprinting concepts that have helped to unravel intra-genomic social conflicts
over shared resources. While kin selection theory has been fruitfully applied to almost all aspects of
social evolution, its application for understanding conflicts in human reproduction is still in its
infancy. This is remarkable as pregnancy (e.g. preeclampsia) and psychological (e.g. autism) disorders
remain a major source of human suffering and recent research suggests that these disorders could
be partly associated with genetic conflicts between the parents that occur during early development
(i.e. embryo, fetus). Using the large scale medical and social information contained in the Danish
Health Registries, we investigated whether the perinatal incidence of phenotypic markers of genetic
parent-offspring conflict correlate with the risk