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ABSTRACT

This work describes the eonditions for applieation of arbitrary. amplÜieation of polymorphie

DNA for stock determination in the minke whale. We sereened 192 100mer primers, 19% of

whieh were useful to deteet polymorphisms. Seven of these primers were used to analyze 31

minke whales eaught along the Norwegian coast, Bear Island and Spitsbergen. Although due to

the small number of animals and primers analyzed no final eonc1usions must be drawn, our

results do not support the existenee of distinct breeding stocks in these areas. The assertion is

. based on: the low percentage of primers which revealed polymorphisms; the high number of

alleles with high frequencies (6 out of 14 had a frequency higher than 0.77 and 3 of those had
a frequency higher than 0.90); the fact tilat the average fraction ofbands matched was sometimes

greater across than within areas and the lack of important systematic variation revealed by

principal eomponent analysis. The extreme bias whieh exists in the sex distribution of minke

whales across the mentioned areas did ~ot affeet the ~bove preliminary eonc1usions.
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inc1uded in the reaction mixture [7]; the denaturing, annealing arid extension limes [31]; type of

DNA polymerase ami thermocyc1er used [16j and on the method of DNA extraction [13].

Here, we describe the applicatiori of this teehnique to the stlldy of genetie variation among .

minke whules from the Northeast Atlantic. Genetic vanabiÜty among min~e whale stocks has

been studied by different techniques inc1uding, enzyme electrophoresis [5]; simple-seqllence

length poiymorPhism~ [20], restriction fragment length polymorphisms aiid subsequent probing

[2i]; and sequencing of the mitoehondrial D-loop [3]. Different t~ehniques have renrlered .

eontradictory results in some eases. 'finis, while enzyme electrophoresis iridieated ihat minke
. . .

whales from West Greenland arid Iceland represented two different breeding populations [5],

restriction fragment analysis of mitochondrial and rlbosomal DNA from minke whales from the

same areas did not reveal signifieant differenees [18]. However, as the authors of hoth papers

indicated, the sex ratio of the sampies may have influenced their results. The relationship

betweeri minke whales from NOrWay, West Greenlarid and Iceland was also studied by

Danielsdottir ei aI. [5], who eonc1uded that Norway represented a third breedirig stock. This

conclusion, however, is based ori 12 animals of llnknown sex and should be interi>reted with

eare, as the authors indicate.

Due, not only to the searciiy of data on the Norwegian minke whales, but also on the

contradictory results mentioned above, it is necessary to carry out an extensive study of minke

whales from the Northeastem Atlantie to settle this coritroversy and' provide the manage",leni

authorities with sounded data on the bOlindaries between or among breeding populations. Of all

the possible teehriiques, exeept perhaps is~enzyme analysis, arbitrary amplifieation of

polymorphie DNA offers the highest output, speed to render result~, and iowest cost.

. .
l\1ATERIALS AND l\1ETHOnS

Animal sampies
The minke whales used in this work were captured in four different areas in Norwegian arid

adjaeent waters (Fig. 1) during the Norwegian seientifie whaling expedition in 1994. Data on the

sampies are given on table 1; for additional duta see [8, i0]. Sampies of musc1e were excised und

frozen at -20°C.

Extraction of genomic DNA
Genoinic DNA was prepared aeeording to Miller el al. [17] with some minor modifieations.

Briefly, about 100 mg of sampIe were exeised, minced arid washed with 500pl of sienie ddHp.

Fotiowed by abrief centrifugation, 5min at 14,000 rpm; the pellet was resuspended in 300pl of

IOmM tris, 2mM EDTA, 400mM NaCl, pH 8.0. Another 300pl of the same buffer eontaining

1.6% SDS and 400pg/ml proteinase K were added to the tubes. After an ineubation of 4 to 6 h

at 55°(:, 280pl of a 6M NaCI (saturated) solutiori was added to the tubes which were then

vortexed for 3min, fotiowed by a centrifugation of 20min at 14,000 rrirri. Eight hundred pI of

the supernatant were added to 96o,..i of isopropanol, the tubes were inverted se~eral times arid
kept at -80°C for 1-2h. FOllciwing a centrifugation of 20min at 14,OOrpm the supemaiants were

eliminated arid th6 pellets washed with 500pl of 70% ethanol, which was subsequently rerrioved.

The washed pellets were allowed to dry for abotit 15min at 55°C, and then resuspended in 200pl
ddH20. To fully redissolve the DNA, the tubes were incubated at 55°C for 12-16h. Then, they
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were centrifuged for lOmin at 14,000 and the clear supernatants transferred to new tubes for
further analysis.

Arbitrary arl1plijication 0/ DNA
To establish the range of DNA template concentration which gave reliable results, i.e. bands

dependant on the primer~templatecombination and not concentration-dependant barids i.e., bands .

dependent on the amount of template DNA[7,13];four serial dilutions of each sampie (1:25;

. I: 125; 1:625 and 1:3,125) were analyzed in combination with different pnmers. Two of the

concentrations which gave consistent patterns were chosen for subsequent analyses.

Amplificaiions, essentially as described by [24,28], were camed out in 30J.ll volumes

containing 50mM Tris-HCl, pH 9.1, 16mM ammonium sulfate, 6.5rTIM MgCl2 [7], lO0J.lg/ml

BSA, I00~1 each of dATP, dCTP, dGTP and dTTP, OAJ.lM primer, 1.5 units KIen Taq1 DNA

polymerase (Ab Peptides Inc. St Louis Missouri) and genomic DNA (differe~t concentrations

as shown in the figures). The reaction mixtures were overlaid with 20J.ll of ChilI Out liquid wax

(MJ Research Inc., Wateriown, Massachusetts) and amplification was performed on a PTC-lOO

progranimable thermal controller (MJ Research, Inc.) programmed as folIows: an iilitial step of

94°C, 2 min, followed by 40 cycles of 94°C 20 sec, 35°C 20 sec, noc 2min, one step of noc
5min, [31] and a final step of 15°C 5sec.

Fifteen J.ll of the products obtained were loaded into the wells of 2% agarose gels (3: I

Seakem LE: Nusieve, FMC products), and the fragments were resolved by electrophores!s in

0.5xTBE. The gels were stained in the same electrophoresis buffer containing 0.5llg/ml ethidium

bromide, destained and photographed.

Selection 0/primers
A total of 192 10-mer primers from Operon Technologies (Alameda, California) were screened.

The screening process was as folIows: each of the 192 primers was used to amplify the DNA

from two or four minke whales from different areas and usually also of different sex. The. ,

fragments were resolved by gel electrophoresis, as described above. The "patterns" obtained fell

into 4 categories (see results): none or very few products; concentration-dependant patterns,

blurred patterns, and weIl resolved patterns. Not all the primers which generated weIl resolved
patterns disclosed polymorphic fragments on the minke whales used for the screening. . .

. For this work, we chose 7 primers which generated weIl resolved and polymorphic

patterns: OPG-18 (5'GGCTCATGTG-3'), OPH-12 (5'ACGCGCATGT-3'), OPH-18

(5'GAATCGGCCA-3'),OPL-0I (5'GGCATGACCT-3'), OPU-II (5'AGACCCAGAG-3'), OPV

07 (5'GAAGCCAGCC-3') and OPV-20 (5'CAGCATGGTC-3').

Treatment 0/ the data
Only polymorphic fragments that were clearly distinguishable were scored. A matrix of absence

(0) und presence (I) for each fragment and each minke whale was constructed and treated in two

different ways.
Relatedness anlOng minke whales was calculated as described by [2]. RAPD Iod segregate

indeperidently and usually more than 95% of the alleles are dominant [28]. The dominant
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phenotype is expressed as the presence of an amplified DNA fragment of a specific mol7cular

weight, arid the recessive is the absence of that band. As described by [2], we measured the

similarity of pairs of minke whales by examining both the shared absence and presence of each

polymorphic band. The fraction of matches (M) was estimated using the formula:

M = NABINT

where NAB is the total number of matches in individuals A and B (both present or hoth absent),

and NT is the total mimber of loci scored in the study. An M value ?f 1 indicates that two.

individuals have identical patterns and an M value of Q indicates that two individuals have

completely different patterns. Values of M were calculated among all n(n-l)/2 (~65) pairs of

n (=31) minke whales.

Ideally, however, one wished to find a "marker" (polymorphie band) that is absent in all

animals belonging to one given stock (all of them homozygote recessives. for the particular

band), and present in animals from other stocks (heterozygotes or homozygote dominants). The

second best choice would be a marker with ver)' different frequencies among stocks (very high

in one stock and very low in another). Accordingly, to establish whether we. had some allele able •

to reveal such systematic variation among the minke whales; whether there was geographie~1

systematic variation among the minke whales and therefore whether minke whales from different

loeations would forrri clusters [12], the initial matrix of absence/presence of polymorphic bands

was subjected to Principal Component Analysis with full cross-validation. The programm used

was Unscramble [23].

RESULTS
DNA concentration
Figure I shows the effeet of varying the concentration of DNA on the RAPD profile. Dilutions

of 1:25 and 1: 125 of the initial DNA gave the same patterns but withfurther dilutions (notably

with 1:3,125), the pattern started to changed. After carrying out the titration of all 31 sampIes,

two of the DNA concentratioris which gave consistent results were chosen for further analysis.

Primers
To carry out a primer screening to select primers which ean give useful genetic markers, one

should use at least two individuals with each primer, with two different eoncentrations of DNA

and the individuals should differ in the characteristie one wants to "mark". Either malelfernale,

to find sex-linked markers; or different possible fathers [29], different families, stocks, etc. In

our case, not knowirig the relationships between the individuals, they were arranged so that

individuals to be screened with the same primer were from different locations (possible different

stocks) and usually of different sex. With this arrangement of individual minke whales, 19% of

the 192 lO-mer primers screened produced very few or no products; 17% caused conceritration

dependent bands; 9% blurred patters; 36% gave dear patterns, but no polymorphie bands were

evident and the rest 19% did produce polymorphie bands (Fig. 2). This means that only the last

19% of the primers would have be chosen after an initial screening by using our sampIes. This

~umber is much smaller than those reported in the literature: 25% [29], 30% [1], 100% [13,30].
The manufacturers of the 1Q-mer primers (Operon Technologies) indicate that their customers
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report getting useful markers from about 50-98% of their lO-mer sequences. We may have

overlooked possible useful primers due to the disposition of sampIes during the screening, as

illustrated in Fig. 2f: primer OP~-18 was shown to produce 1 clear polymorphie fragment with

the 4 minke whales shown in the figure, however, it would not have produced any If it had been

screened with only the last two minke whales, although this still indieates small differences

among minke whales from the four different areas covered by this work. Anyway, to check the

possi,bility of having underestimated the number of possible useful primers, 2 oe the primers

which gave clear patterns and no polymorphisms were used to anaIyzed the 31 minke whaIes.

No polymorphims were detected in this case either, thus supporting the previous observation.

Rdationslzips alnong the minke w/lales
Seven'of the possibly useful primers were chosen to screen the 31 minke whales and 14

polymorphie bands were scored. The distribution of frequencies of each band is shown in Fig.

3: 6 of the polymorphie bands had a frequency higher than 0.77, 6 bands had a frequeney

between 0.10 adn 0.60 and the remaining 2 bands were present in 1 and of the 2 minke whales
• • , 1

respectively. These results contrast with those of Apostol et al. [2), in tJ:teir study of family

relationships ainong mosquito populations. They found that only 13% of their scored

polymorphie bands had frequencies below 0.1, while the rest was compnsed between 0.1-0.6.

This result indicates, again, a close genetic relationship among the minke whales included in the

present work.

Although only those bands with a frequeney between 0.1-0.6 ean be useful to discriminate
family groups [2), a combiriation of primers which originate bands with extremely either high

low frequericy iri mir sampies could be the most useful to identify minke whales belongirig to

different breeding stocks. In addition, not knowing the relationships among our sampie, to currY .
out the analysis with only those. alleles of frequency comprised between 0.1-0.6 would be

meaningless.

The distribution of M values (fraction of matched bands) is shown in Fig. 4: the average

was 0.70±0.13 (STD) with a median of 0.7'1 (Fig. 4), and the total individual average M values

are shown in Fig. 5. The average M values within and across areas is shown in Fig. 6. Although

thc area whose individuals showed the lowest average band match values, within 'ami across

areas was Bear Island, norie of their individual M values was outside the range covered by the

other areas. Moreover, the lowest individual average M values were, in order, due to one animal

from Spitsbergen (0.58 ± 0.11) fo11owed by another from Finnmark (0.59 ± 0.11). M values of

I (fu11 matches) on thc other hand, were observed both across and whithin areas: individual 3,

from Spitsbergen showed a' fu11 match with individuals 24 and 26 from Lofoten-Vesternlen;

iriciividual4 from Spitsbergeri, with 28 from Lofoten-Vesteräien; individual 12 from Bear Island,

with 22 from Finnmark and finaÜy, the only intra-area match was individuals 20 arid 23, both

from Finnmark.

Principal component analysis of the matrix of absence/presence (0/1) of the 14 scored
alleles in the 31 minke whales revealed, simiJar information. A ~odel with 4 principal

co~ponents explained only about 60% of the total caJibration väriance and about 40% of the

total validation variance (Fig. 7),' indieating ahigh degree of nori-systematic, arid unexplained,

, variability in the data set. Tbc plots of the scores of each minke whale on each principal
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component (Fig. 8) did not display clusters of minke whaies according to area of capture, which

should have been expected had there been either ciisiinct breeding stocks' iri any of thc areas

included in this work. There was no clusieririg Cither according to the sex of the minke whales,

indicating thai none of the polymorphic bands were Iinke~ to the sex of the animals. The animals

which had a full match, M vah.ie =1, appear, as expected, superimposed in the scores plots.

DISCUSSION

Amplification of polymorphie DNA using arbitrary primers is a useful a technique to study

genetie relationships among minke whales, as has beeri proven for all other species studied. It

does not' require extremely pure DNA, as previously shown in other publications [13,14] arid

confirmed in this paper. Thei coricentration oi DNA, however must be within a 'range in order

. to obtain consistent res~its and at least two different eoncentratioris should be analyzed [13,24].

Otherwise, primers which give what has been ealled "concentnition-dependant" hands may bei

wrongly eonsider~d to give individual-dependani patterns. The patterns obtained Ure usually

consistent withiri' laboratories, but for this technique to be used to make interlaboratory .

eomparisons, the vanables mentioried in the introduction which influence the b~nds obtairied •

[7,13,16,31] shoulcl be standardiied. ~uch standardization would permit to ereate a dat~base

where one introduced the patterns (or fingerprints) obtained with primers ofi-elevance. UnIaiowri

sampies eould simply be introduced individu:llly in the database arid calculations made to see

in which stock the unknown fits. If not, each laboratory should carry out the analysis of all

necessary sampies to perform identifieatioris, ciassifications ete. .'

, The two analy'ses of relatioriships among minke whales were corisistent and none ~f them

indieated the presence of distinct breeding stocks within these areliS. PCA offers same additional

advantages to dehict animals from different stocks: i) it allows to evaluate the "weight" thai each

variable (the scored bands in this case) has on the principal comporients (Fig. 9) th~s helping

in the seiection of prirtiers which eontain the most relevant infonnation to expose differences

among stocks, ii) it exposes clusters' of individuals, revealing sirriultarieously whieh pri~ers

helped most in the c1ustering, indicating not only' whether we have anirrials from one or more

stocks in the data set, but also the primers that uneovered that pai'ticular information arid iii) it

allows thc detection of "outIiers", or individuais that da not fit in the general trend of the initial

data set, if the data set contained only one of a few individuais from a different stock thari tlte •

bulk. Moreover, the relationship outlil~r/principal eomponent would al~o indicate whether the

outliers may come from the same or from different stocks.

\Ve must emphasise that this is a prelimimiry work and that it has to be extended to i)

more primers, ii) more minke whales frorri the same locations iricluded in this work and iii) more

minke whales from ot~er locatioris and from known different breeding stocks. However, ~ll the

present results point towards the same direction: small genetie differences among the minke

whales captured in the areas of Spitsbergen, Bear Island, Fin~mark and Lofoten-Vesteräien. This

assertion is basecl on: the low pereeritage of primers which revealed polymorphisms (i92 prlmers
, ,

is an important number, and yei few revealed polymorphisms); the high numher of alleles with
. high frequencies (6 out of 14 hrid a frequency higher than 0.77 and 3 of those had :i frequency

higher thim 0.90); the fact that the average Mvalues were sometimes srrialler within thm across

areas; as well as the higher frequency of full matches across than within areas (3 versus 2) and
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the lack of important syst~matic variation revealed by PCA. Moreover, when fuH matches were

observed across °areas, they did not necessary implicated rieighbouring areas: 2 animals from

Spitsbergen showed fuH matches with 3 individuals from Lofoten-Vesterälen, i.e., the most
separated locations.

. Consequently, the present results support °Bakke and EI-Gewdy's work [3]. They also

found a very elose genetic relationship aniong minke whales captured along the Norwegian

coast. It has been noted however, a severe bias in the sex distribution of minke whales across

the four areas ineluded in this work (see also 8,9,22): the perceniage of females is Spitsbergen

is always inuch higher than that of males. The mimber of males increases towards the south,

around Bear Isla'nd they consiitute about 50% of the captured animals; their contribution to the 0 0

total continues increasing in Finnmark and they elearly predominate in Lofoten-Vesteralen. Thus,

although there were no detectable genotypic differences among minke whales which could be

attributed to the location of capture, the distribution of males and feinales shows elearly a

pattern. A sexually biased sampIe of minke whales, together with a small number of animals

may ha~e had an influence in previous works (see the discussion in Danielsdottir et al. [5] imd

[18]) in overstating differences among minke whales from different locations. RAPD analysis

together with PCA, offers the additional advantage of revealing when polymorphie bands are

linked to sex. In that case, the researcher can chose those primers for purposes other than

intersiock relationship studies.
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Table 1. Data on the minke whales used in this work. M, male; F, female. Month, latitude and

longitude refer to the time and location of capture.

Area of eapture Minke whale no. Sex Length (ern) Month Latitude Longitude

Spitsbergen 1 M 654 July Tf' 35' 10° 15'

2 F 555 78° 28' 09° 28'

3 F 690 79° 18' Or34'

4 F 700 79° 25' 08° 18'

5 F 699 79° 31' 08° 34'

6 F 686 7r33' 10° 40'

7 F 632 7r36' 10° 14'

Bear Island 8 F 765 74° 23' 24° 01'

9 M 620 74° 04' 15° 59'

10 F 648 74° 25' 24° 10'

11 M 755 74° 11' 15° 23'

12 F 670 74° 05' 16° 00'

13 M 810 74° 11' 15° 23'

14 F 805 74° 04' 15° 59'

15 M 800 September 73° 46' 18° 03'

Finnmark 16 F 620 July 71° 25' 30° 17'

17 M 625 71° 33' 30° 02'

18 F 765 70° 50' 30° 30'

19 M 730 69° 58' 30° 47'

20 F 523 September 70° 55' 29° 26'

21 M 785 July 69° 59' 31° 04'

22 M 789 71° 40' 28° 56'

• 23 M 815 70° 39' 21° 10'

Lototen-Vesteralen 24 F 680 68° 08' 14° 57'

25 M 816 68° 42' 12° 34'

26 F 610 September 6r21' 12° 48'

27 M 580 July 68° 41' 12° 33'

28 M 752 69° 17' 15° 02'

29 M 790 69° 21' 15° 48'

30 M 825 69° 21' 15° 45'

31 M 815 6r 11' 12° 3D'
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Figure 1.- Chart showing the four areas where the minke whales used in this work were

captured. Areas: 1, Spitsbergen; 2, Bear Island; 3, Finnmark and 4, Lofoten-Vesteralen.
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.;

, .
Minke whale:

Figurc 2.- Effect of the conceritration of template DNA on the RAPD profile with pi-imer OPG

18. The figure shows the results of the analysis of 4. different dil~tions (from left to right: 1:25,

1:125, 1: 625 and 1:3,125) from the original DNA extract of 6 different minke whales. The

arrowhead indicates one polymorphie band. Note that the patte~ is altered at the highest

dilution.
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a) b) c)

Minke whale: 20 21 28 29 6 7 14. 15 16 17 24 25

·e
d) e)

Minke whale: . 6 7 14 15 20' 21 28 29

•
Figurc 3.- Primer screening showing the 4 types of RAPD profiles obtained. a) a few bands
(primer OPT-17); b) concentration-dependant bands (primer OPS-18); c) bhirred patterns (primer

OPS-19); d) clear bands but no polymorphisms (primer OPH-15) and e) clear bands and

evidenee of polymorphie bands (primer OPH-18). Eaeh primer in the figure was used to analyze
2 concentrations of DNA from each of 4 minke whah~s. Two of the animals always belonged

to different areas, and when possibie, also to different sex. Tbe riirowhead indieates one clerir

polymorphie band.
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Figure 4.- Distribution of frequeneies of the 14 polymorphie bands seored in the present study.
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Figure 5.- Distribution of frequeneies of M values (fraction of bands matehed) among the 31

minke whales.
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Figure 6.- Average fraction matched for each individual for the 14 scored polymorphie bands.

Figure 7.- Average fraetion matehed, of the 14 polymorphie bands, within and aeross areas. S,

Spitsbergen; B, Bear Island; F, Finnmark; LV- Lofoten-Vesterälen.
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Figure 8.- Plot of the percent variance explained by a principal component analysis model with

4 principal components. Solid line, calibration variance; dotted line, validation variance.
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PC4 (OY) and lower right, PCl (OX) versus PC4 (OY). The numbers represent the individual minke whales. Individuals 3, 24 and 26; 4 and 28; 12 and 22; and 20 and 23 appear
superimposed.
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Figure 10.- Loadings plot of the PCA model with 4 principal components. Upper left, Pet; upper right, PC2; lower left, PC3 and lower right, PC4. Each bar represents one scored
band.
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