
Syuiti Abe

Faculty and Graduate School of Fisheries Sciences

Hokkaido University, Hakodate, Japan

Spring Meeting of the 2010 State of the Salmon, Portland, OR

4-7 May 2010

Genetic diversity, population structure and 

phylogeography of Pacific salmon 

inferred from molecular genetic analyses 



Distribution of chum and masu salmon 

in the North Paific

Chum distribution range

From Salo (1991)

Masu distribution range

From Kato (1991)

OBJECTIVES

♦♦♦♦To analyze the genetic population structure and phylogeography
♦♦♦♦To understand evolutionary process of two species

using mtDNA and msDNA markers

Life history of two species:

Chum salmon – anadromous only

Masu salmon – anadromous (♀♀♀♀>>>>♂♂♂♂))))
non-anadromous (♀♀♀♀<<<<♂♂♂♂)

(♀♀♀♀≒≒≒≒♂♂♂♂ in north)
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Among three regions

68.7%(p<0.001)

Japan

7.83%(p<0.001)

Russia

28.97%(p<0.001)

North America

2.05%(p<0.001)

Geographical hierarchy in genetic population structure 

of Pacific Rim chum salmon based on mtDNA data

ca. 450bp 5’ portion of the control region: 32 haplotypes

AMOVA  
(96 populations; >4,200 fish)

(Yoon et al. 2008)

Haplotype diversity: JAP: 0.59>RUS: 0.36>NAM: 0.24



Geographic structure of Pacific Rim chum salmon

populations based on msDNA data from 5 loci

Among three regions

5.1%(p<0.001)

North America

5.27%(p<0.001)

Japan

0.59%(p<0.01)

Russia

4.29%(p<0.001)

AMOVA (75 populations)

(Yoon et al. 2009)

Gene diversity: JAP: 0.71>RUS: 0.48>NAM: 0.43



AMOVA and pairwise FST estimates for genetic 

differentiation of chum salmon populations

Russian population

Japanese and Korean population

North American populationSea of Japan; 0.0~0.43

Sea of Okhotsk; -0.0~0.24

Bering Sea; 0.0~0.2

Gulf of Alaska; 0.0~0.35Among 4 regions

68.0%

(Yoon et al. 2008)

AMOVA

FST estimates



Site 4

Site 2

Site 1

Hatcheryy

Weir

Site 5

Site 3

Pacific Ocean

msDNA

KIT       CHI       TOK        NIS

mtDNA

Genetic differentiation of chum salmon within the Yurappu River
Egg introduction from indicated rivers 

(Yokotani et al. 2009)

1952~1995



Japan Japan vs.vs. Korea Korea vs.vs. RussiaRussia

Sea of Japan Sea of Japan vs.vs. Sea of Sea of OkhotskOkhotsk

vs.vs. Pacific OceanPacific Ocean

AMOVA with 21 AMOVA with 21 mtDNAmtDNA haplotypeshaplotypes ((ca. 560bp of ca. 560bp of ND5ND5) ) 

andand 6 6 msDNAmsDNA loci in loci in masumasu salmon (salmon (24 populations24 populations))

1.881.88%   %   

((PP<0.001<0.001))
1.651.65% % 

(P<0.0(P<0.00101))
msDNAmsDNA

5.19%5.19%

((PP<0.01)<0.01)
3.83% 3.83% 

(P<0.05)(P<0.05)
mtDNAmtDNA

waterswaterscountriescountries＜＜＜＜＜＜＜＜

Large geographical population groups

besides traditional grouping by country

*>1,100 fish

(Yu et al. 2010a)
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A) Haplotype diversity - mtDNA ND5

Genetic diversity of Genetic diversity of masumasu salmon in the Far Eastsalmon in the Far East
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Genetic diversity in hatchery stocks and mother populationsGenetic diversity in hatchery stocks and mother populations

of of masumasu salmonsalmon

HaplotypeHaplotype diversity (diversity (mtDNAmtDNA))

Gene diversity (msDNA)Gene diversity (msDNA)
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TOK SHA ICH TES SHI97 SHI98 SHI99 SHI00
MOR

REC

MOR

4TH

MOR

5TH

TOK -0.007 0.079** 0.221** 0.217** 0.224** 0.161** 0.188** 0.226** 0.173** 0.213** 

SHA 0.023** 0.072* 0.236** 0.230** 0.235** 0.167** 0.198** 0.241** 0.192** 0.232** 

ICH 0.016** 0.026** 0.093** 0.073** 0.064** 0.033 0.051** 0.080** 0.067** 0.097** 

TES 0.044** 0.074** 0.052** -0.003 0.015 0.021 0.008 0.080** 0.015 0.003

SHI97 0.027** 0.052** 0.032** 0.012** -0.004 0.004 -0.008 0.055* 0.003 0.000

SHI98 0.029** 0.052** 0.029** 0.015** 0.004 0.012 0.001 0.040* 0.027* 0.015

SHI99 0.030** 0.058** 0.033** 0.014** 0.004 0.004 -0.007 0.038* 0.003 0.034* 

SHI00 0.035** 0.064** 0.041** 0.006** 0.001 0.005 0.003 0.046** -0.007 0.014

MORREC 0.043** 0.062** 0.054** 0.045** 0.041** 0.034** 0.031** 0.039** 0.085** 0.132** 

MOR4TH 0.026** 0.051** 0.039** 0.032** 0.019** 0.025** 0.019** 0.021** 0.042** 0.024* 

MOR5TH 0.029** 0.049** 0.038** 0.058** 0.037** 0.043** 0.039** 0.048** 0.030** 0.044** 

below diagonalbelow diagonal : msDNA: msDNA 、、、、、、、、above diagonal above diagonal : : mtDNAmtDNA

00≦≦≦≦≦≦≦≦FFSTST≦≦≦≦≦≦≦≦11

differentiationdifferentiation

Genetic differentiation among hatchery Genetic differentiation among hatchery 

stocks and spawning populations stocks and spawning populations （（（（（（（（FFST ST ））））））））

**PP<0.05<0.05、、、、、、、、****PP<0.001 (<0.001 (BonferroniBonferroni correctioncorrection))

comparison with 

mother populations

between hatchery stocks
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Pairwise genetic and geographical distance measures in chum salmon
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Japan; r=0.307, P<0.01

Russia; r=0.478, P<0.001

�orth America; r=0.302, P<0.001 �orth America; r=0.243, P<0.001

Russia; r=-0.120, P=0.89

Japan; r=0.128, P>0.1

(Yoon et al. 2008)



mtDNAmtDNA : : rr = 0.0081, = 0.0081, P P > 0.05 > 0.05 
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Significant correlationSignificant correlation

between genetic and between genetic and 

geographical distance geographical distance 

No significant No significant 

correlation betweencorrelation between
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distancedistance

Pairwise genetic and geographical distance measures

In anadromous masu salmon

(Yu et al. 2010a)



Nested clade phylogeographical analysis (NCPA)

Speculation of historical

event in population structure

A: crude nested design B: haplotype distribution

C:geographic

distance

180° 160° 140°160°140° W

60°N

50°

40°



Nested clade phylogeographical analysis on geographical 

association of 32 mtDNA haplotypes in chum salmon

Japan

Russia

North America

CRE: contiguous range expansion, clades 1-2, 2-1, & 3-1

IBD: restricted gene flow with isolation by distance, clades 1-1, 1-4, & 2-2

LDC: long distance colonization, clades 1-2, 1-4, & 2-2

North America

IBD

CRE/LDC/PF

CRE

IBD/LDC

IBD/LDC

CRE

IO

IO

Japan

&

Russia North America

(Sato et al., in preparation )



CladeClade 22--1(RGF1(RGF--IBDIBD) : ) : restricted gene flow with IBDrestricted gene flow with IBD
CladeClade 22--2(CRE) : 2(CRE) : contiguous range expansioncontiguous range expansion
CladeClade 22--3(CRE) : 3(CRE) : contiguous range expansioncontiguous range expansion

22--22

CRECRE

33--11

22--33

CRECRE

22--11

RGFRGF--IBDIBD

CladeClade 22--22

Sea of JapanSea of Japan

CladeClade 22--11

EntireEntire
CladeClade 22--33

Sea of Sea of OkhotskOkhotsk

Nested clade phylogeographical analysis on geographical 

association of 21 mtDNA haplotypes in masu salmon

(Yu et al. 2010a)
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Mismatch distribution analysis and Mismatch distribution analysis and NeutralityNeutrality teststests

for demographic history in chum salmon (for demographic history in chum salmon (mtDNAmtDNA) ) 

observed
simulated

Fs : S

D : NS

SSD : NS

T : 0.11~1.16Mya

Fs : S

D : NS

SSD : S

T : 0.07~0.72Mya

Fs : S

D : S

SSD : S

T : 0.08~0.61Mya

Rim of the Sea 

of Japan (RSJ)

Rim of the Sea of Okhotsk and 

Western Bering Sea (RSOWB)

Northwest Alaska (NWA)
RSJ: multiple population expansion

in the middle to late Pleistocene

RSOWB: multiple population expansion

in the late Pleistocene 

NWA: most recent sudden population 

expansion in the late Pleistocene
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No. of mismatchesNo. of mismatches (Sato et al., in preparation )

*similar to the Gulf of Alaska



Mismatch distribution analysis and Mismatch distribution analysis and NeutralityNeutrality teststests

for demographic history in for demographic history in masumasu salmon (salmon (mtDNAmtDNA))

Late Pleistocene multiple Late Pleistocene multiple 

population expansion In population expansion In 

the Sea of the Sea of OkhotskOkhotsk,,

followed by recent sudden followed by recent sudden 

expansion in the Sea of expansion in the Sea of 

JapanJapan
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(Yu et al. 2010a)



Conclusions:

♦♦♦♦Distinct geographical structure of populations in 
chum and masu salmon

♦♦♦♦Population genetic structure mostly reflecting the past

glacial history in two species

♦♦♦♦Current molecular population genetic data useful for 

management of two species at lower hierarchical level

of population structure 

♦♦♦♦Contemporary gene flow likely having a little influence

on the population genetic structure in two species
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