
ARB as a tool for marine 
biodiversity research
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ARB: a comprehensive 
software package for 
phylogenetic analysis
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MOLECULAR PHYLOGENY PROVIDES
a stable framework to address the 
diversity of organisms. The under­
standing of the basic principles of 
sequence alignment and phylogenetic 
tree reconstruction is therefore essential. 
To link phylogeny with community 
composition and structure in the 
environment, the application of group- 
or taxon-specific molecular probes has 
become a standard technique over the 
last years.

To facilitate sequence database m aintenance, 
phylogenetic analysis and m olecular probe 
design, th e  pow erful, in teg rated  softw are 
package ARB was developed at the Technical 
U niversity  of M unich . After 10 years of 
con tinuous im provem ent it has becom e a 
standard  tool used by experts all around  the 
world. In order to use the system  efficiently, 
participation  in a training w orkshop is highly 
recom m ended . The w o rk sh o p s give a 
tho rough  in tro d u c tio n  in to  the  theoretical 
b ack g ro u n d  of phy logenetic  tree  reco n ­
struction  and probe design, followed by a

‘hands-on’ experience on phylogenetic tree- 
making, using the  freely available software 
package ARB.

D e s c r ip t i o n  o f  ARB
ARB (Latin: arbor, tree) is a com prehensive 
softw are package originally  developed for 
ribosom al RNA (rRNA) data. Nowadays, it can 
be used  for any nucle ic- or am ino-acid  
sequence data. The central idea is to arrange a 
database  of sequences and  associated  
descrip tive  in fo rm atio n  acco rd ing  to the 
phy logenetic  re la tio n sh ip s of th e  co rres­
ponding  organisms. This phylogenetic tree is 
visualised and can be used for walking through 
the database via sim ple m ouse clicks.

ARB im ports raw data and prim ary  structure 
data from  existing sources like GenBank and 
EBI. For rRNA data, ARB already provides 
databases w ith processed prim ary  structures 
(aligned sequences). Any ad d itio n a l data 
related to the individual sequences can be 
stored in  structu red  database fields or linked 
via local or w orldw ide netw orks. Furtherm ore, 
to facilitate in -dep th  analysis of m olecular 
data, a com prehensive selection of software 
tools is in teg ra ted  in to  ARB. T hese are 
co n tro lled  via a com m on  graph ical user 
interface and they interact directly w ith one 
another as well as w ith  the database (see 
Figure 1). Software and start-up  databases are 
freely available at h ttp://w w w .arb-hom e.de.

T e c h n ic a l  d e t a i l s  
a n d  f e a t u r e s :

ARB Database
The designation and hierarchy of database 
fields can be custom ised by each user. Links to 
o ther databases are possible, w ith several levels 
of protection  facilitating security m anagem ent. 
All inform ation stored in the database, along 
w ith the sequence data such as bibliography, 
user-m ade entries or inform ation calculated 
on-line from  the database entries, can be 
show n at the  term inal nodes of the tree.

Furtherm ore, all in tegrated and second-party 
tools are linked to the  ARB database. Thus, any 
changes or rearrangem ents are im m ediately 
know n to all software com ponents w ithout 
user intervention.

The fo llow ing too ls  are integrated:
•  Tools for im porting  and exporting aligned 

and unaligned nucleic acid and  protein 
sequences in  various database formats;

•  Tools for defining sequence profiles and for 
finding and evaluating organism  or group 
specific identifiers (probes or prim ers) ;

•  Database m anagem ent w ith full text search 
in any database field, as well as com plex 
search options;

•  A script language for w riting  small 
program m es to facilitate recurring tasks.
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Sequence editor 
and alignm ent
A pow erful sequence editor w hich can be used 
for nucleic acid an d  am ino acid sequences 
a llow s seq u en ce  editing , s trin g  search, 
v isua lisa tion  of base  pairing , positiona l 
variab ility  or likelihood . All co lou rs and 
sym bols are user-defined, and separate “align" 
and “ed it” inodes p revent erroneous changes. 
A special feature for rRNA sequences is the 
sim ultaneous secondary s tructure  editor w hich 
helps the scientist to evaluate probe targets.

The fo llow ing features are im plem ented:

•  A utom ated alignm ent of a sequence 
according to its next relative (only for 
nucleic acids) :

•  Synchronisation of nucleic acid and amino 
acid sequence alignm ents:

•  Im plem ented  secondary structure  editor 
(only for rRNA):

•  Visualisation of patterns and probes.

Phylogenetic 
reconstruction
For phylogenetic  tree-m aking , several 
alternative m ethods are available as part of the 
package, rang ing  from  sim ple  character

counting  to a special m axim um  parsim ony 
approach that allows the  reconstruction  and 
evaluation of big trees. O ne p rom inen t feature 
is the possibility to add sequences to an 
existing tree w ithou t changing the overall 
topology. O ptim isation of trees can be applied 
to the com plete or user-selected sub-trees, and 
interm ediate stages can be stored. Various 
p rogram m es for phylogenetic  analyses are 
directly cooperating w ith in  ARB, e.g. some 
p ro g ram m es of th e  PHYLIP package for 
phylogeny inference are incorporated.

U seful features include:

•  Distance matrix, m axim um  parsim ony 
and m axim um  likelihood m ethods;

•  C onfidence tests (bootstrapping);
•  Partial- and  full-length sequences can be 

added  to existing trees w ithou t altering 
the general topology;

•  Extended possibilities for tree visualisation 
and optim isation.

Probe design 
and evaluation
In ju s t  three steps, the  selection of the target 
organisms, probe design and probe m atch is 
done and can be visualised. For fluorescence in 
situ  hybridisation (FISH), the ARB m ulti-probe

software is especially useful. A peculiarity is 
the position tree (PT) server, w hich  has to be 
established by every user locally. Analyses w ith 
the  PT server do no t rely  u p o n  aligned 
sequences and can be used  for fast and reliable 
probe design and probe check.

The advantages o f  ARB in th is respect are:

•  Easy graphical selection of target sequences;
•  Fast and reliable probe design and probe 

check based on suffix trees;
•  Graphical v isualisation of results in the tree, 

alignm ent and secondary structure.

Everybody w ith  an  in te res t in  sequence 
alignm ent, phylogenetic analysis and/or probe 
design and hybridisation should  be able to 
p ro fit from  u sing  ARB. ARB sequence 
databases are currently  available for small 
su b u n it rRNA. O ngoing developm ents are 
focusing on:

•  Sequence databases for further 
phylogenetic markers;

•  A tool for visualisation of accessibility 
maps;

•  Further extensions so that ARB can 
handle com plete genomes. •
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