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ABSTRACT

A restriction length polymorphism analysis (RFLP) of the D-loop region of mitochondrial DNA
(mtDNA) was conducted in order to investigate differentiation of populations in the western
North Pacific minke whale. A total of 377 minke whales, obtained during former coastal whaling
operations in Japan and Korea and during a Japanese special permit catch in offshore areas of the
western North Pacific, were examined. The PCR-amplified D-loop region of mtDNA was
analyzed with eight kinds of four-base restriction enzymes, discriminating eight mtD-loop DNA
haplotypes. We examined mtD-loop DNA diversity among five geographical localities: coastal
area of Korea (Area 6), southern part of the Okhotsk Sea (Area 11), eastern Hokkaido (Area
7N), Sanriku (Area 7S) and an offshore area of the western North Pacific (Area 9). Our results
suggest a clear mtDNA differentiation between minke whales from Korea and those from the
eastern coast of Japan and Okhotsk Sea. Furthermore, coastal and offshore minke whales in the
eastern side of Japan were similar genetically. Thus, our results are consistent with the hypothesis
that two genetic populations occur in the western North Pacific. A monthly analysis of haplotypes
composition in Sanriku (Area 7S) and Okhotsk Sea (Area 11), suggests that samples taken in
April in the Okhotsk Sea present a medium composition between those of the Korean and
Japanese coastal samples. This suggests some degree of temporal mixing between the two
populations in that locality. Our results are consistent with previous morphological and isozyme
analysis. Since no significant differences were found among three IWC's areas in the eastern side
of Jepan (Areas 7, 9 and 11), our mtDNA data do not support the sub-stock scenario of the IWC.

INTRODUCTION

There are morphological and ecological evidences (Ohsumi, 1983) and genetic evidences (Wada,
1984; 1991), supporting the occurrence of two biological populations in coastal waters off Japan,
one distributed in the Sea of Japan (J-stock according the IWC' terminology) and the other
distributed in the eastern coast of Japan and Okhotsk Sea (O-stock).

As Baker et al. (1994) pointed out, the identification of populations and their geographical (and
temporal) boundaries are fundamental for management schemes of exploited and protected
species. In the case of exploited species, identification of populations and their boundaries is
fundamental for estimating abundance, setting catch limits and interpreting catch statistics and



hfe-history parameters (Baker e al., 1994). With this regard, in preparation for the
implementation of the Revised Management Procedure (RMP), a Working Group on North
Pacific Minke Whale Management Trials faced the problem of stock identity in the western North
Pacific minke whale. Instead to accept the view of two separated populations, which is supported
by biological evidences, the group adopted the scenario of three stocks and several sub-stocks
around Japan (IWC, 1994).

Attempts to calculate catch limits under the guideline of the RMP have been constrained because
disagreement on the evidence needed to accept or not the alternative of the sub-stocks scenario.
Under this situation, further information on stock identity in the western North Pacific minke
whale, using different approaches, is necessary in order to corroborate or not the sub- stock
scenario adopted by the IWC.

Recently, several biochemical genetic approaches have been developed for studying genetic
variation in cetacean species. A review on these was conducted by Hoelzel and Dover (1989).
The mitochondrial DNA has been recommended for studies of stock identity due to its maternal
mode of inheritance and fast evolutionary rate. Within this molecule, the D- loop region is the
most variable part, so that by examining the mtD-loop DNA of mitochondrial genome we should
expect greater resolution of genetic differences between conspecifics. A previous RFLP analysis
of the minke whale mtD-loop DNA was conducted by Hoelzel and Dover (1991), which
compared samples from different oceans. We used this approach for conducting an investigation
of stock identity in the western North Pacific.

Here we presented the results of a RFLP analysis of the mitochondrial D-loop DNA of minke
whales using samples from five localities of the western North Pacific.

MATERIALS AND METHODS

Samples and localities

Minke whales used in this study were caught by the past Korean and Japanese coastal small-type
whaling operations during 1982- 1987. Four localities were determined using the geographical
position of the samples taken (Fig. 1): Korea (Area 6 of the Working Group on North Pacific
Minke Whale Management Trials, involving one individual from Area 5), eastern Hokkaido (Area
7N,), Sanriku (Area 7S) and Okhotsk Sea (Area 11). In addition, we used samples from one
offshore locality (Area 9). The latter were obtained during a 1994 Japanese special permit catch.
The number of samples used in our mtDNA survey are shown in Table 1, by locality and month.

Tissue samples and DNA extraction

Total DNA (mtDNA+nuclear DNA) was isolated from liver or muscle tissue that had been frozen
at -20°C for some few months (case of the samples obtained under Japanese permit catch in
1994) to 12 years (case of commercial samples taken in 1982), by the standard technique
(Sambrook et al., 1989). Briefly, 50mg of samples was mixed with 500ul of homogenize solution
containing 1% SDS and 1mg proteinase K. The mixture was incubated at 37°C for overnight.
After the incubation, crude DNAs was prepared by phenol/chloroform method. The DNAs were
dissolved in 500ul TE buffer and stored at -20°C until use.



Amplification of the mtD-loop DNA

The D-loop region of the mitochondrial genome was amplified by using the polymerase chain
reaction (PCR). We used the procedure described by Hoelzel (1992). Primers for amplification of
about 1,100bp minke whale mtDNA segment involving the D-loop region were designed on the
basis of published minke whale (Hori e? al., 1994) and sperm whale sequences (Dillon and
Wright, 1993): the light-strand Primer-1 (5-CAAGGAAGAAGTATTACACTCCACCA-3")

and the heavy-strand Primer-2 (5-CAGAATTGGAATTCATTTTCAGTGTCTTGGTTT-3'), that
annealed tRNA™ and tRNA™, respectively.

RFLP analysis

After amplification of mitochondrial D-loop region, Sul of the PCR-products was digested with 2
units of the following eight kinds of four-base recognition endonuclease: Afal, Ddel, Haelll,
Hinfl, Mbol, Mspl, Sau96l and ScrF1. Restriction fragmental patterns were determined by
electrophoresis in a 2.5% agarose gel and stained with 250ng/ml ethidium bromide. The
fragments were visualized under short-wave ultraviolet light. The size of each fragment was
estimated by comparing their relative mobilities with those fragments of the pHy Marker (Takara
Shuzo Co.). Distinctive restriction fragment patterns produced by each enzyme were assigned
letters. Individuals were assigned haplotypes consisting of the list of the letters designating the
fragment profiles produced by each of the eight reétri_ction enzymes. Thus, the composite
haplotype for each individual consisted of a string of eight letters.

Data analysis

Pairwise genetic distances among eight mitochondrial D-loop haplotypes were calculated using
maximum likelihood methods (Nei and Li, 1979; Nei and Tajima, 1983). Genetic distances among
localities was estimated using equation 10.21 of Nei (1987). Phylogenetic relationship among
localities was described by an UPGM-derived dendrogram and it was based on the genetic
distances among them.

Quantification of the geographical mtDNA variation was carried out using the Analysis of
Molecular Variance (AMOVA) model of Excoffier e al. (1992). This model calculates estimates
of variance components from a genetic distance matrix and the PHI-statistic (PHIst) which is the
correlation between a random pair of haplotypes drawn from the putative sub-population to a
random pair drawn from the total population. The significance of variance components were
tested by resampling with 2,000 times replacement. The AMOV A was performed on a standard
distance matrix calculated from the number of restriction sites differences between pairs of
haplotypes.

Furthermore, mtDNA haplotype frequencies were employed to determine genetic relationship

among the localities. Significance of the haplotype frequencies differences among localities were
estimated using the randomized chi-square test of independence (Roff and Bentzen, 1989).

RESULT

Mitochondrial DNA variation
Five enzymes were polymorphic: Afal, Ddel, Haelll, Hinfl and Sau961 while the other three,



Mbol, Mspl and ScrF1, were monomorphic. A total of six polymorphic sites were detected
defining eight unique haplotypes in the 377 minke whale samples. Composite patterns of these
haplotypes are shown in Table 2.

Geographical distribution of mtD-loopDNA haplotypes

The geographical distribution of the eight haplotypes in the five areas is shown in Fig. 2. As it can
be observed from this figure, haplotype '1' is the predominant haplotype in the coastal localities of
Japan (Areas 7N, 7S and 11) and in the offshore sample (Area 9). On the other hand, this
haplotype is not represented in 30 samples from coastal areas of Korea (Areas S and 6). Instead,
the predominant haplotype in this sample is haplotype '5' followed by haplotype '3'. With the
exception of the Okhotsk Sea sample (Area 11), these two haplotypes are scarcely represented in
the other locahtles (see Appendix 1 for dlstrlbutlon of haplotypes by locahty and month)

Monthly dlstnbutlon of haplotypes in Areas 11 and 7S.

A monthly examination of haplotype distribution in Area 11 (Okhostk Sea), showed that the
predominant haplotypes of the Korean sample (haplotypes '3' and '5') are well intermingle in the
April sample but they were scarcely repr&sented in the rest of the months for that locality (Fig.
3A). The results of a chn-square test for temporal heterogenenty in this locality indicates
significant differences in haplotype frequencies among months (P=0.0010). Pairwise comparisons
results indicate that the only significant differences are those between April and May (P<0.0005),
April and June (P=0.0145) and April and Jul+Aug.+Sept. (P= 0.0545). In contrast, haplotypes '3'
and '5' are scarcely represented in the monthly samples (including the April sample) of Area 7S
(Sanriku) (Fig. 3B). According to the results of the chi-square test, there is not significant
differences in haplotypes frequencies among months in this locality (P= 0.3915).

Comparison among areas (April data excluded from Area 11)

According to the results shown above, minke whales distributed in Area 11 in April could be from
two different populations, thus we have excluded April data for Area 11 in the comparison among
areas. Results of the AMOVA are summarized in Table 3. Of the total molecular variance 82.70%
is due to Korea-eastern side of Japan division, which was highly significant, -0.15% (not
significant) accounted for the divisions within the eastern side of Japan (e.g. Areas 11, 7 and 9)
and 17.45% (highly significant) of the total variance was due to within the areas. These results
indicates that Areas 11, 7N, 7S and 9 are closely related among them and hlghly divergent from
minke whales from Korea (Areas 5 and 6).

Table 3 also shows the pairwise comparisons among localities. PHIst values obtained from the
comparisons between the areas of the eastern side of Japan with the Korean area are large and
highly significant. In contrast when the areas of the eastern side of Japan are compared among
them, these values are small and not significant. Similar results were obtained when the haplotype
frequencies of the areas were compared (Table 4). ‘

DISCUSSION

In this study, a RFLP énalysis of the non-coding portion of mitochondrial genome, the D-loop
region, was conducted in the western North Pacific minke whale. The results are consistent with



previous isozyme surveys in the western North Pacific minke whale conducted by Wada (1984;
1991), which found significant differences in allele frequencies at one locus between minke whales
from Korea and Japan and intermediate frequencies in the Okhotsk Sea during part of the year.
Thus, the results found using mtDNA are supported by previous finding using a nuclear marker.
These results are then of some significance.

The results derived from our RFLP analysis of the mitochondrial D-loop DNA support the view
that two different populations occur in the western North Pacific, one distributed around the
Korean Peninsula and the other distributed in the eastern side of Japan from the Japanese coast to
at least 170°E (the most easterly longitude examined). Coastal and offshore minke whales in the
eastern side of Japan were genetically homogeneous.

A phylogenetic analysis of the five localities (Fig. 4) further support that view. According to this
figure, the four areas in the eastern side of Japan, including the offshore sample from Area 9, are
located on a same cluster. Within this, Area 9 was closely related with Area 7. This cluster is
independent from that of the Korean sample (Areas 5 and 6). Thus two different biological stocks
occur in the western North Pacific, the J-stock and the O-stock, according to IWC's terminology.

Further, we detected that these two populations mix each other in the Okhotsk Sea locality in
April. Since this was also detected by a nuclear marker (Wada, 1984; 1991), this suggest the
temporal intermingling of two reproductively isolated stocks.

As it was mentioned earlier, a Working Group on North Pacific Minke Whale Management
Trials adopted the scenario of several sub-stocks around Japan, as the management units in
preparation for the implementation of the RMP in the North Pacific minke whale (IWC, 1994).
However, the definition of the units in the eastern side of Japan (e.g. Areas 7, 9 and 11) are not
supported by genetic evidences, at least as revealed by isozyme and mtDNA analysis.

The sample size used for Area 9 was small in comparison with that used in the other areas
examined. In order to corroborate the results regarding this area, the present analysis should be
conducted again when more samples from that area become available. ‘Also the eastern
geographical extension of the O-stock should be investigated in the future in order to define
longitudinal boundaries for this stock.
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Table 1: Number of samples examined for mtD-loop DNA RFLP analysis, by IWC area (see Fig.
1) and month. Samples from Areas 6, 7, 9 are from former coastal whaling operations in Japan
and Korea conducted between 1982 and 1987. Samples from Area 9 were obtained during a 1994
Japanese special permit catch.

Areas Months Total

Area 6 0O 0o 0 o 0 19 11 30
Areall 57 66 31 5 8 6 0 173
Area7N 0 0 9 14 "5 23 0 51
Area7S 4 30 15 11 2 0 0 102
Area 9 0 o 0 8 9 4 0 21

Table 2: Composite pattern of eight western North Pacific minke whale mtD-loop DNA
haplotypes.

Haplotype Restriction Enzymes
Ajal Ddel Haelll Hinfl Mbol Mspl Sau961 ScrFl
1 C Cc C C N N C N
2 B C C C N N C N
3 C C B C N N C N
4 C C C C N N D N
5 B C B C N N C N
6 C C D C N N D N
7 C C B D N N C N
8 C B C C N N C N




Table 3: Summary of the results of AMOVA. April data for Area 11 were excluded in the
analysis. The P value is the probability of a more extreme variance component or PHI statistics
than that observed, in comparison to a null distribution of these values on 2,000 random
permutations of the data matrix. In analysis A the PHIct and the among Korea/eastern side of
Japan variance component involves the permutation of whole areas among these two regions,
PHIsc and the among areas within the eastern side of Japan involves the random permutation of
individuals among areas within that region, PHIst and the within areas components involves the
random permutation of individuals among the five areas.

df % total variance PHI P

A= nested analysis
Among Korea/
eastern side of Japan 1 82.70 CT.0.827 <0.0005
Among areas/ -
eastern side of Japan 3 -0.15 SC:-0.009 0.9180
Within areas 315 17.45 ST:0.826 <0,0005

B= pairwise comparisons
All-A7N ST:-0.0119 0.9725
Al11-A7S ST:-0.0031 0.5977
All-A9 ST:-0.0205 0.8946
All-A6 ST: 0.7933 0.0000
A7TN-A7S S$T:-0.0029 0.5032
ATN-A9 ST:-0.0308 0.9770
A7N-A6 ST: 0.7889 0.0000
A7S-A9 ST:-0.0064 0.5042
A7S-A6 ST: 0.8499 0.0000
A9-Ab6 ST: 0.7707 0.0000




Table 4: Results of chi-square tests for heterogeneity in mtD-loop DNA haplotype frequencies
among areas. April data for Area 11 were excluded in the analysis. Probabilities calculated from
the Monte Carlo approach of Roff and Bentzen (1989).

Area6 Areall Area7N Area7S Area9

Area 6 <0.0005 <0.0005 <0.0005 <0.0005
Area 11 0.9465 0.8120 0.8825
Area TN 0.4685 0.9100
Area 7S 0.4045
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Fig. 1 Areas adopted by the Working Group on North Pacific Minke
Whale Management Trials in preparation for implementation of RMP
(after IWC, 1994) and geographical localities examined for mito-
chondrial D-1oop DNA variation in the western North Pacific minke
whale. Okhotsk Sea (Area 11), Eastern Hokkaido (Area 7N), Sanriku
(Area 7S), Offshore Area (Area 9) and Coastal Area of Korea (Area
6).
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Fig. 2 Geographical distribution of 8 mitochondrial D-loop DNA
haplotypes -
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Fig. 3 Monthly frequency of 8 mitechondrial D-lcop DNA haplotypes
in Area 11 and Area 7S.

— Area9d
._l ]—— Area7S
’1 Area7N
X .
Areai 1
vls Areag
L [ I} | | !
Q ol N = o)
0 (o] (o] 0

Nucleotide diversity (%)

Fig. 4 Phy1égenetic relationship among minke whales from fiye
areas, as revealed by UPGM-derived dendrogram based on genetic
distance among these localities.
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Abpendix 1: Distribution of mtD-loop DNA haplotypes by locality
and month

Area 6
Haplotype ID September+October
1 0
2 1
3 7
4 0
5 22
6 0
7 0
8 0
Total 30
Arealil
Haplotype April May June July August Septem. Total
ID
1 29 59 27 3 7 6 131
2 5 1 2 0 0 0 8
3 9 1 1 1 0 4] 12
4 0 1 0 0 0 0 1
5 12 1 1 0] 0 4] 14
6 1 1 0 0 1 0 3
7 0 2 0 0 0 0] 2
8 1 0 0 1 0 0 2
Total 57 66 31 5 8 6 173
A(ea?N
Haplotype ID June July August September Total
1 8 12 5 20 45
2 1 0 0 0 1
3 (¢] 2 0 1 3
4 0 0 0 0 0
5 0 0 0 1 1
6 0 0 0 1 1
7 0 0 0 0 0
8 Q 0 0 0 o
Total 9 14 5 23 51
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