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ABSTRACT 
We analyzed genetic variations at 15 microsatellite DNA loci and mitochondrial DNA (mtDNA) control 
region sequences in sample of sperm whales collected during JARPNII from 2000 to 2007 in order to 
examine the effectiveness of these genetic markers for stock structure study of the species.  Analyses of 
mtDNA and microsatellite markers in the total of 45 sperm whales demonstrated that these genetic 
markers were variable enough to explore stock structure of sperm whales.  Statistical tests found no 
evidence of deviation from the expected Hardy-Weinberg genotypic proportion at all of the 15 
microsatellite loci.  At this point, we did not detect any signals of multiple stocks in the western North 
Pacific off Japan from the JARPNII samples. 
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INTRODUCTION 
Identification of the genetic structure of stocks over a species’ geographic range is of primary importance 
for effective stock management.  The objective of the stock structure part of JARPNII survey for sperm 
whales is to obtain information useful for describing stock structure of sperm whales inhabiting the 
western North Pacific.  The information is also surely helpful for future CA of this species in the IWC.  
As an initial step to accomplish the objective, we examined genetic variation at mtDNA and 
microsatellites to examine effectiveness of these genetic markers to explore genetic characteristics of the 
species. 
 
MATERIALS AND METHODS 
Samples and DNA extraction 
A total of 45 sperm whales used in this analysis were collected during JARPNII surveys from 2000 to 
2007 in the western North Pacific (Table 1; Fig. 1).  Details of offshore component of JARPNII survey 
can be found in Tamura et al. (2009). 

Skin tissues of research takes were stored in vials filled with 95% ethanol in –70°C until DNA 
extraction.  Total DNA was extracted from 0.05 g of skin tissue using the protocol of Sambrook et al. 
(1989).  Extracted DNA was stored in TE buffer (10 mM Tris-HCl, 1 mM EDTA, pH 8.0). 
 
mtDNA analysis 
The first half of the mtDNA control region was amplified through the polymerase chain reaction (PCR).  
Approximately 350bp of mtDNA region containing control region were amplified using the following 
primer set: heavy-strand P2 (5'-GAAGAGGGATCCCTGCCAAGCGG-3' ; Hori et al., unpublished) and 
light-strand MT4 (Árnason et al., 1993).  PCR products were purified by MicroSpin S-400HR columns 
(Pharmacia Biotech).  Cycle sequencing was performed with the same primers, using BigDye terminator 
cycle sequence Kit (Applied Biosystems, Inc).  The cycle sequencing products were purified by AutoSeq 
G-50 spin Columns (Pharmacia Biotech).  The labeled sequencing fragments were resolved by 
electrophoresis through a 5% denaturing polyacrylamide matrix on an ABI 377ä or ABI3100 Automated 
DNA Sequencer (Applied Biosystems, Inc), following the protocols of the manufacture.  For each 
sample both strands were sequenced.  

The number of mtDNA haplotypes and haplotype diversity were calculated following Nei (1987).  
The nucleotide diversity (Nei, 1987: equation 10.5) and its standard error for population sampling and 
stochastic processes were calculated from the pairwise differences between the mtDNA sequences using 
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the Kimura’s 2- parameter adjustment (Kimura, 1980). 
 
Microsatellite analysis 
Microsatellite polymorphisms were analyzed using 15 sets of primers: EV1, EV5, EV94, EV104 
(Valsecchi & Amos 1996), GT011 (Bérubé et al. 1998), GT23, GT211, GT271, GT509, GT575 (Bérubé et 
al. 2000), GATA28, GATA98, GATA417 (Palsbøll et al. 1997), DlrFCB14, and DlrFCB17 (Buchanan et 
al. 1996).  Only EV1 and EV5 were designed from a sperm whale, Physeter macrocephalus.  DlrFcB14 
and DlrFcB17 were designed from a beluga whale, Delphinapterus leucas, while all other 11 sets of 
primers were from a humpback whale, Megaptera novaeanglia.  Primer sequences and PCR cycling 
profiles followed those of the original authors.  PCR amplifications followed the manufacture’s 
instructions for the use of Ex Taq DNA polymerase (Takara Shuzo).  Amplified products were 
electrophoresed on a 6% polyacrylamide denaturating gel using a BaseStation 100 DNA fragment 
analyzer (Bio-Rad), and alleles were sized manually in relation to an internal size standard (Genescan 
400HD, Applied Biosystems) and to sperm whale microsatellites of known size that were included on 
each gel. 

The number of microsatellite alleles and expected heterozygosity per locus was calculated using the 
software FSTAT 2.9.3 (Goudet, 1995).  Statistical tests for deviations from the expected Hardy-Weinberg 
genotypic proportions were conducted using the software GENEPOP 4.0 (Rousset, 2008).  When 
simultaneous multiple tests were conducted, Rice (1989) correction for the multiple tests was performed. 
 
RESULTS AND DISCUSSION 
The use of mtDNA and hypervariable microsatellite markers provides us great opportunity to acquire 
enough genetic variation to describe genetic stock structure.  Especially for the microsatellite analysis in 
this study, substantial level of genetic variation was observed and the number of loci analyzed was 
doubled compared to seven in the previous report (Kanda et al., 2002).  We believe these genetic 
markers are effective for the study of sperm whales’ stock structure in the western North Pacific. 
 
mtDNA 
Sequence variations at 347bp of the mtDNA control region in the North Pacific sperm whales resulted in 
11 unique haplotypes.  Haplotype diversity was 0.700 and nucleotide diversity was 0.0038 (standard 
error=0.00069).   

Lyrholm et al. (1996) reported that haplotype and nucleotide diversities for the 300bp of the mtDNA 
control region, which was nearly homologous to our present study, among the 37 sperm whales collected 
from the world-wide oceanic areas (North Atlantic n=10, North Pacific n=16, and Southern Hemisphere 
n=11).  Thirteen haplotypes were identified and the haplotype diversity was 0.74.  Nucleotide diversity 
was 0.0038 (SE=0.00059).  The level of haplotype diversity in our sample of the North Pacific sperm 
whales was similar to that in the sample of the sperm whales world-wide (Lyrholm et al. 1996) as well as 
that reported in the samples of other baleen whales, such as common minke whales (Goto et al., 2009), 
sei whales (Kanda et al., 2009a) and Bryde’s whales (Kanda et al., 2009b) in the North Pacific.  
Contrary, although the level of nucleotide diversity estimated in our study was similar to that in Lyrholm 
et al. (1996) it was much lower than that reported from the other large baleen whales.  Common minke 
whales (Goto et al., 2009) and sei whales (Kanda et al., 2009a) in the North Pacific showed roughly two- 
fold higher values and Bryde’s whales (Kanda et al., 2009b) showed approximately three-fold higher 
value.  Low nucleotide diversity appeared to be a characteristic of sperm whales, and Lyrholm et al. 
(1996) described two alternative explanations for the low nucleotide diversity in the sperm whales: 1) the 
highly biased substitution pattern, with most substitutions occurring as repeated transition at a few hot 
spot, and 2) genetic bottleneck in population size.  
 
Microsatellites 
All of the 15 microsatellite loci, 13 of which were designed from other whale species, were polymorphic 
(Table 2).  The total number of alleles at each locus ranged from three to 17 with an average of 8.3.  
Average expected heterozygosity at each locus ranged from 0.498 to 0.902 with an average of 0.724. 
    The level of microsatellite genetic diversity of the sperm whales used in this study was similar to that 
of other oceanic areas.  Lyrholm et al. (1999) analyzed sperm whales from the North Atlantic, North 
Pacific, and Southern Hemisphere using nine sets of microsatellite primers, three (EV1, EV5, GATA28) 
of which were same as those in this study.  Lyrholm et al. (1999) showed that the level of the genetic 
diversity of these oceanic samples were similar to each other with the average allele numbers of 10.0 and 
average heterozygosity of 0.72-0.73.  The sperm whale sample from the Japanese coast had the average 
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allele numbers of 7.0 and average heterozygosity of 0.73.  Some of the loci showed low levels of genetic 
diversity in our sample.  Possibility of null alleles was excluded because no signal of such case was 
detected (e.g. Hardy-Weinberg genotypic proportions).  Unlike one of the possible factors for the 
mtDNA low diversity, the negative effect on genetic diversity at a population level appeared not to be a 
reason because the low diversity was not consistent over all of the 15 loci.   

All of the 15 loci showed no evidence of deviation from the expected Hardy-Weinberg genotypic 
proportions (Table 2).  At this point, we did not detect any signals of multiple stocks in the western 
North Pacific off Japan from the JARPNII samples. 
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Table 1. Sperm whales analyzed in this study. 
 

Survey year 
 
 2000 2001 2002 2003 2004 2005 2006 2007 
 
N  5  8   5  10  3  5  6  3 
 
 
 
 
Table 2. Number of alleles detected (A), expected heterozygosity (He),  
the results of test for deviation from the expected Hardy-Weinberg  
genotypic proportion at each of the 15 microsatellite loci (HW),  
haplotype number, haplotype diversity, and nucleotide diversity with  
its standard error at mtDNA analyzed in the samples (N=45) of sperm  
whales collected during JARPNII. 
 
Microsatellites  A He  HW 
 
DlrFCB14  11 0.838 n.s. 
DlrFCB17  17 0.902 n.s. 
EV1    9 0.562 n.s. 
EV5    8 0.708 n.s. 
EV94   11 0.762 n.s. 
EV104    5 0.674 n.s. 
GATA28    3 0.635 n.s. 
GATA98    9 0.849 n.s. 
GATA417    3 0.575 n.s. 
GT23    4 0.498 n.s. 
GT011   11 0.867 n.s. 
GT211    6 0.776 n.s. 
GT271   14 0.883 n.s. 
GT509   10 0.776  n.s. 
GT575    3 0.559 n.s. 
 
mtDNA 
Haplotype number    11 
Haplotype diversity    0.7000 
Nucleotide diversity    0.0038 
  (standard error)    (0.0009) 
 
n.s. = non significant 
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Fig. 1  Sighting positions of sperm whales collected during the JARPNII from 2000 to 2007. 


