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Abstract

Masu salmon, Oncorhynchus masou, are ~found only in the Far East,
including Korea, Russia, and Japan, particularly-in the East Sea, the Sea of Okhotsk,
and the Northern Pacific Ocean (Kato, 1991). In Korea-and central Japan, there are
both river-resident type and anadromic type populations.

Genetic | variation is 1important for the long-term survival of natural
populations, because it confers the ability to adapt to changing environmental
conditions, through the' increase of fitness (Frankel and Soulé, 1981). Analyzing
maternally inherited mtDNA is a useful and important way to investigate the genetic
variation of populations of. aquatic organisms. Many fish species, including salmons,
have been genetically analyzed based on mtDNA (Park et al., 1993). Recently, Sato
et al. (2001) and Yu et al. (2010a) found greater variation using nucleotide
sequences in mtDNA of chum salmon and masu salmon. In particular, the NADH
dehydrogenase subunit 5 (ND5) region of mtDNA may be a useful genetic marker,
because it is conserved across all organisms and has a fast evolutionary rate
(McKay et al., 1996; Verspoor et al., 1999).

This study was to estimate genetic variation and population genetics of

masu salmon, O. masou, based on a 561 bp mitochondrial NADH dehydrogenase



subunit 5 (ND5) gene. A total of 249 fish representing 12 populations collected
from 10 river-resident type and 2 anadromic type populations was analyzed. The
analysis of ND5 nucleotide sequences revealed not only 10 wvariable sites, which
defined 7 haplotypes, including some associated with their life cycle type but also
14 wvariable sites, which defined 14 haplotypes. Genetic diversity of Gogindong
(GOL) and Buyeondong (BUL) populations were higher than those of Songhyon
(SOL) and Yeongok (YOL) among river-resident type populations. Pairwise
population Fst estimates and neighbor—joining tree analyses inferred that
river—-resident of GOL and SOL were distinct with other same life type population
and anadromic types In addition, both GOL and SOL populations showed clear
genetic differences with Japanese and Russian populations. Other Korean populations
did not distinguish Russian samples.

The nested 95%set of plausible cladogram for the observed 7 ND5
haplotypes from Korean masu salmon populations ~was constructed with Nested
Clade Analysis. A focal haplotyperand derived: haplotypes. showed a clear star-like
genealogy. The high haplotype diversity and limited nucleotide diversity of masu
salmon populations suggest the rapid population expansion from an ancestral
population with small effective population size. Neutral expectations and historical
demographic expansions were investigated using Fu's Fs and Tajima’s D tests, and
mismatch distributions with: sudden expansion model. For all -populations together
Fu's Fs and Tajima’s D wvalues weére negative from the'neutral evolution model. The
mismatch distributions of masu~salmon in-the Far East populations appeared to be
unimodal. The goodness—of-fit test did not reject the null hypothesis of sudden
population expansion. Thus, all of above tests indicate a recent expansion of masu
salmon.

In conclusion, this study found significant genetic differentiation of
populations between two Korean populations (GOL and BUL) and other populations,
which the two differentiated populations may require separate management

strategies.
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Fig. 2. Photographs of masu salmon (Oncorhynchus masou). (a) precocious
male non-migrant, (b) immature parr non migrants, (c) pseudo

smolt, (d) smolt migrants, and (e) adult smolt migrants that migrated

back from the sea (cited from Munakata, 2012).
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Table 1. Sampling information of masu salmon used for mtDNA ND5 analysis

Sampling location Abbreviation Year Type of sample NI;Z]IE]EZSOf Liiﬁz aphical CO_OT; rlllagﬁsl I
Korea
Gojindong GOL 2010 River-resident type 20 38° 25'01.43"N 128° 16'52.94"E
Songhyon SOL 2010 River=resident-type 15 38° 04'10.96"N 128° 29°13.66"E
Yeongok YOL 2011 River-resident type 14 37° 50717.57"N 128° 40'21.49"E
Buyeondong BUL 2011 River-resident type 13 37° 48'43.94"N 128° 36°34.80"E
Sokcho coast SOA 2010 Anadromic type 12 38° 12709.67"N 128° 39°47.16"E
Jumoonjin cast JUA 2010 Anadromic type 11 37° 53'50.11"N 128° 50'34.13"E
Japan
Shiribetsu®” rSHI 2001 River-resident type 48 42° 38706.27'N 140° 35°07.13"E
Shari® rSHA 2008 River-resident. type 24 43° 49'32.31"N 144° 22°'07.04"E
Shibetsu rSHB 2001 River-resident type 42 44° 15°01.12"N 142° 11'04.77"E
Mena rMEN 2001 River-resident type 24 42° 40°16.69"N 140° 14°'01.66"E
Russia
Sukhopletk® rSUK 2004 River-resident type 15 46° 27'50.34"N 143° 18°47.64"E
Lutga?® rLUT 2004 River-resident type kg 46° 20°35.45"N 142° 14°'58.20"E

DCited from Yu et al (2010b)
@Cited from Yu et al (2010c)
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Fig. 4. Male-specific distribution of masu salmon GH-Y pseudogene (280
bp) in the Shari River and Lutga River (cited from Yu et al.,

2010c) after 2% agarose gel electrophoresis.
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2. Genomic DNA & 9 #3A $F
ARH Al5=2HE genomic DNAE s}7] 913l Blood and Cell
culture DNA Midi Kit (Qiagen, Germany)E A}-&3}th. Genomic DNA<]
FEUH S Kite] mirdel wston, Eel¥ genomic DNAS 4
st7] 918 0.8% o= Ao Mr|dss AdAsAT =3 F
o] Hx+ 2603 280 nm 2] UV spectroscopyoll ¢js] 2<1&}d o
nEZc=glo} DNAS] ##A= NADH dehydrogenase subunit 5

fu
Ll
J {
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e
il
o
Z
=

(ND5) #3# de Mestdom(Yu et al, 2010a), ND5 #32 99&
Aeznog FE3t7] s ARSI Zglolm= 7]&d| Kitanishi et al
(2007)°] a19+3F ND5-1F¢} ND5-3RS A&3lth-PCR WH-g-4-2 template
DNA 10ug 0.5 ul, 10X PCR buffer (TAKARA, JAPAN) 2.5 ul, dNTP 0.5 ul,
Taq polymerase (TAKARA, JAPAN) 0.2 ul, forward primer 10 pmole 0.5 ul,
reverse primer 10 pmole 0.5 ul, DDW 20.3 & &3 sle] whE 25 pl o w=t
SHS ARE3sl%th. PCR machine (PTC-200, Bio-Rad, USA)& o] &3l T
53 2o x7Ho 2 PCRS 335 Hth Initial denaturation 92°C 583 2

d
)

A8+ al, denaturation 95C 453, annealing 56°C 30%, extention 72C 2
7t 363] HkE-5k$ oW, final extention 72°C oA TE I A A5 PCR

S

48 F 1% otz A PCR A E s FUT F A7 FEHEA
(Powerpac, BIO-RAD, USA)Z 100 VoltageollA 30% F< A7¥9% Az
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3. 97149 1% 2 9rWel9Y g

DNA 714 €< ABI PRISM dye terminator cycle sequencing kit
(PE Biosystem, USA)E A}g83}e] 95C oA 2% initial denaturation®, 96°C
ol 4] 10z(denaturation), 50C o4 5%(annealing), 60C | A4 4¥&(extension)2]
SHAE 253 HkESYTE o9t 2 AL GeneAmp 2400 (PE Biosystem,
USAo & ZFZ Az om, direct sequencingg $13F PCR HH3-of] ARESE Zglo|H =
Yu et al. (2010a)e] az9keE ND5-R1 (57 -AGAATGAGGCCCATAAGAGG-3’ )3
ND5-R2 (57 -TAGGCTCCCGATTGTGAGAC-3" )& AREsIFth 534 PCR 4H=2
olgk&ol] 2MAIZ1 & ABI PRISM 377 DNA sequencer (PE Biosystem, USA)E ©]
g3t A7IMES =Sttt SEE A7IAE del 7] el(nucleotide
variation)e] &A}-f+F= &<13ta1 haplotypeS ZA3}7] 23l BioEdit ver.

7.0.9 (Hall, 1999) =735 o] 83} multiple alignmentE A A3+t

4. TAEH

2

TR F28 FABAE AHE7] 28] TCS ver. 1.21, X =
a9WES A3 tHClement ‘et al., 2000). HEe] F1A tgdS utotst
7] $13l REAP (MeElroy et al, 1993)9] Nei (1987)¢} Nei and Tajima
(19817} ¢kt darglEo] A8¥ Ko DA T2 13 o] &3t FHhe

i
3R
£
ko
_?L
Jo
2

haplotype diversity ()¢} nucleotide diversity (7)& =4
AE FABAES AHR7] Y8 TCS ver. 1.21, Z2I1WE AL ATH
(Clement et al.,, 2000). &zt F32& AgE dotrr] 3 BE 7153

A =HO 2 pairwise FaTAE FE3A. o3 Ee AT 24



& ARLEQUIN program (version 2.000, Schneider et al., 2000)< ©]-&3}%]
ok Aat 547 FA93A= Neiol standard genetic distance (Nei, 1972)
Z o] 8&3le Neighbor-joining WHOogE AETFE WEo] EAsth
Bootstrap %]+ standard genetic distance matrixxg-S 1000
resamplingste]  Al4bstdth. ol¥l #AHEL Phylipe  ver.  3.5¢
(http://www.evolution.genetics.washington.edu/phylip.html) ZZ 73S A&
skl

WA A2 AR ojol f Az T2 olot dHH JARE A
g BAS F8l AA FJao A B 3 Foll g olsiE el
nested clade analysis NCA)E <3333, Templton et al. (1995)°] Lt
3 inference keyS 83kt NCA £43} inference key F R = clade
g4 At 2 544 A2lDn), nested clade A4 Het 7+ Agld Az L
242 AgOnet 7444 haplotype)zk- A8l S 183 LadE I8 &
zEY o2l GeoDis ver. 2565 A&3}31TH

kel &3 & T A9 range expansion 3 ¥FS votstr] 9

& ARLEQUIN program ver. 2.000 (Schneider et al., 2000)S A}-&3}

e
Jo

f

sudden expansion modelS wo]€3%F WA 7+ £AHAF 2ol BEE
(distributions  of. pairwise genetic differences between individuals
haplotypes), Goodness-of-fit: tests& AF8-skRATh ZEFH 4 ojo] 79 A3E
T ol &S ol &3 FJAY A7 g H 3 HlolErt A3t
A 7] wjiol| olE dFZH3r] gk WHO=E  Snook (Centropomidae)
ND5¢] 97]¥0]8(1.0-4.4% per Myr)S AH&3latt. ol &3k Ay e 4k
Ao FXA4% e mismatch8(7 )3 A7 |IZHLIH o2 o= 3d

WL A3 FHoPAok A 4bHo] Aere] BAA/IE Sk
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m. 2 3

1. dFA9NA AHAse &AL AFHo|(river-resident type) E Almpdof
(Anadromic type)ell thgt Al5A 2y A+

7F. ND5 @7]®o] &4

T A ATl AHojet Almpdo] 85 Ao tEF mEF
o} DNA ND5 f#xte] 94714 E-S multiple alignmentE A A|ste] ]
A5k A3} 561bpoll A EF 10328] 9 I(85, 138, 147, 195, 219, 277, 357,
411, 442, 501 bp)olAl Mol g HAF £ YA oM, & 7719 haplotypes
ZAA st tHTable  2). 7709 haplotype % 570% NCBI®] GenBank
(AB252719, AB252722, AB252728, AB252730, AB469796)° R =3 E
ATE E3iA4 2709 M ES haplotype (Hapb, Hap7)S &elsk <= At
471 8(Transition)> E5F 9(A<G, TeO)3XAA HAAHUIL, G714
(Transversion)oll 9]¢ 7Mool WTSAZAAAT FAFHJT. B 72

i

jud

=
o

N

Hap4¢} Hap202 AJmfdo] E-o] haplotypee]lal HaplO, Hap24<} Hap272
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AHd o] 5ol haplotypel® e T Hap202 Alrtd ol FEx3w
o vt #FE A, Hapl0S 4Hdoidl HdF A=, Hap2de 1XF A=
(GOL), Hap25& +@HEOL)AA T #&A=HAT. 2 AFE Tl AlEA ¢
Q¥ Hap24¢} Hap2b+ 1xls Al=xd oA AMFZ A AA ol A
T ZF 7 yEbg o, Alrtdo] oA 1% 4 i tHTable 3).
Haplotypezt Fd@AE AHR7] 98] AAIg single minimum

o)

spanning #41 Z3} HaplS 7]1=22 67] haplotypeo] =AFE (star-like)
°of dH= FAHATFE 5. Antdol MRt Sojxoz AEH
Hap20-& Hapl#te] &71A<¥ x}o]7} E} haplotypeEel I8 %A UEhstth.

Nested clade analysis #4123 1-stepo@ F 3709 clade1-1,
1-2, 1-3)7} BAEAIL, 2-step> & 270¢] clade2-1, 2-2)7} FAA=H A
StepE inference keyE &8+ X A3 clade 2-12 At FHAH &
A (restricted gene flow)= dole Zle&E eyt A5 ABUL)
A &<l¥ HaplO (clade 1-1)3} Hapl2 (clade 2-2)°] 4% E} FchoAx &
JE FHAE Aclade 1-2)= wi-¢ ol&AAQl Ao = JelgrkFig. 6). o=
FAs A= fddo] RG] FAA aF(gene flow)7l 38 o] Fof

A %1 ee ARTT
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Table 2. Defined haplotypes of masu salmon based on variable nucleotide

sites in the mtDNA ND5 gene

Haplotype Variable nucleotide sites
(GenBank

accession No.) 8 138 147 195 219 277 357 411 442 501

Hapl
(AB252719)
Hap4
(AB252722)
Hapl0
(AB252728)

Hapl2 . : . : ; . . . . G
(AB252730)

Hap20
(AB469796)

*Hap24 . . g o o A

*Hap25 L . . G o : . oh

"Hap24 and Hap25: newly identified haplotypes from the present study
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Table 3. Distribution pattern of mtDNA ND5 haplotypes among six

populations of masu salmon

GOL SOL YOL BUL SOA JUA Total

Hapl 12 14 12 9 47
Hap4 3 7 10
Hapl0 5 5
Hapl2 2 8 2 12
Hap20 2 2
Hap24 8 8
Hap?25 1 1

_’]9_



Hap25

Hap10

Fig. 5. A single minimum spanning tree' of the 7 mtDNA ND5 haplotypes

of masu salmon. Circle sizes reflect haplotype abundances.
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2-1: Restricted gene flow
1-2
Hap2d Hap20) 2-2
11 N 1-3
Hapl0 0 Hapl 0 0 0 Hapl2
Hap25s Hap4
Fig. 6. The estimated 95% plausible set of cladogram and associated

nested clade design for the ND5 haplotypes found in masu
salmon. Zeros indicate haplotype states that are necessary
intermediates btween observed haplotypes but that were not
observed in the samples. Each solid line interconnecting two
haplotype states represents a single mutational change. Individual
haplotypes are 'considered O-step clades; haplotype separated by
a single mutation are grouped into 1-step clades (1-1, 1-2 and
1-3);, ‘and 1-step clade separated by a single mutation are

grouped. into 2-step clades (2-1 and 2-2).
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HAeE F3x4 gFd =AE 98l g5%  haplotyped <,
G UDF nucleotide TR (n)& 22 ZAMSHATHTable 4).
AN ARG At Aol A= 3702] haplotypeo] 2= %)
| A= 2709 haplotypee] ## = Uth. Haplotype ThFAd &
Alrtdo}l ko] 0.409~0.5822 Uetstom, 4ol ke 79 0.133~
5182 YEETh ol Almtdole] FH7 thddo] AR TRET w2
2o 2 AS5HET Nucleotide ThFd2 0.001~0.0062 =& oA w5
vkt Ado] AT Woll Aol haplotype Tt 12%F A=(GOL)H
BA%F AFBUL) Aol Z+ 7+ 0.5059F 0.5182 viElom, £# 3 (SOL)
I ASH(YOL)2 olx e} &2 01337 0.2642 LfERSHT

Qv 544 Aol FAsty] Sis) FAGA BHA Ry testE

=
o
o)
o,
(@]
—t
<
ho)]
@]

N
a8
>
)

2

K
id
=
N

o

o

53] 2174 Agl(genetic distance)E &4 H tHTable 5). 13F Al
(GOL) Hete] 7% e FAuael Fy ge 0.293~055602 | vehgon,
FAE AFBULS 0.323~0.5569] Fgp &= BT ERE ofyg} o] F
A B Jd BEFe foFo= vls 2 AP < 0.09)& AT =
AR WA olE JEs ALl JEIF Fr #h2 0.074~0.338%2 e
ok AlmpdolQl QAL A AlEE ARl FIAGOLH A=A
(YOL) AMgstes FA2-Aold e AT 5 AT FEIGUAANA A
A Amtdole] 7
ATt

A 3 FA437Z FABAS Lolrr] 98] neighbor-joining 3}

consensus tree EAIHPHS ALEIFHUHEIG. 7). Alupdo] FHwkel

F23
JUA)F £x60A)+= 62%2] bootstrapar oz 1F°] FAF AW, 4Hdo
Aol A9 Fd%E AFEBUDF AZHYOL) Awe Avtdo] Hekss)
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2 UH3 AAEZE i 1¥% AFBUL)FH

of ARET 1Fo] FAHA ek

of

AZ(SOA)S Alvt
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Table 4. Measures of mtDNA diversity calculated for each population of

masu salmon

No. of

Sampling location h + SD bis
haplotypes
GOL 2 0.505 + 0.136 0.001
SOL 2 0.133 + 0.136 0.001
YOL 2 0.264 + 0.136 0.002
BUL 2 0.518 + 0.082 0.006
SOA 2 0.409 + 0.082 0.001
JUA 3 0-58 28 D 142 0.004
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Table 5. Pairwise Fsr estimates amng the six populations of masu

salmon, “+” is significant differentiation (P < 0.05). Probability of

differentiation with P value was calculated from 1,000
replications
GOL SOL YOL BUL SOA JUA

GOL + + + + +
SOL 0.293 + +
YOL 0.213 0.074 + +
BUL 0.556 0.534 0.339 + +
SOA 0.289 0.158 0.101 0.489 +
JUA 0.379 0.338 0.173 0.323 0.143
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GOL

SOL
River-resident type

BUL

YOL

3 ——  SO0A
Anadromic type

B2 L JUA

Fig. 7. Consensus tree (insert) of Korean masu salmon populations based
on the haplotype frequencies and average nucleotide diversities
between populations (Saitou and Nei (1987). Nodal numbers in the

phenogram-are bootstrap values based on 1000 replications.
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2. FEotA ot A AA3ts AALE 4 ol(iver-resident type)ell Thdh
AR A7

7}. ND5 & 7]¥o] BA
=&okAlo} A EQl gk, LE, HA|olo| A AAStaL = 4HH ]

(river-resident type) < 107] o 2267§A1e] n]EZ=g]o} DNA ND5 &

rr

AA d9Le Az og ZZ39 a1, ND5 partial sequence datae] 4714
e BHT A3 18 fAAA 719 WolE 1Y 4 U HTable
6). G7I¥olE o]&3le] Yu et al. (201000 <3 Aozl r)E9] 127
haplotype (Hapl~Hap4, Hap7, Hap8, Hapl0~Hapl53} 2 AFE Sa A)
A =9 2709 haplotype (Hap24, Hap25) % 14719 haplotypes <l
3Rt Haplotypexl &7|®#olE Ax KR 277 bpollA SHtransversion)ol]
o A7 ¥elZE dojomy o5 AL mE Hol oA o
(transition)el] &gt & 71wel7F #2= ST

A1) haplotype A4S A EH, 1A% AFBUL)S A3
2E oA 50% ol&e]l Haples Zbe Zo= UEFFTHGOL:12/20,
SOL:14/15, YOL:12/14, rSHI:29/48, trSHA:11/24, rSHB:26/42, rMEN:19/24,
rSUK:14/15, rLUT:8/11). -3k 3= 4P o] fdojAit Holzoz Az d
haplotype =% 37§(Hapl0, Hap24, Hap25)= e}tk QB AL of of A
9k #&# haplotype2 =5 670(Hap3, Hap4, Hap8, Hapl2, Hapl3, Hapl5)
olar # Ao} F+e 270(Hap7, Hapld)E e tH(Table 7).

Haplotypezt FdIAE AHRBE7] 98] AAIg single minimum
spanning &4 WH A Alntdo] oS ALk, A AT E AR
o] F£E EHLAE B3 treee] RYES HapleS 7]F2 Z(focal

haplotype) A= k(star-like) 2.2 1370 haplotype® A= o] AUt =
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Table 6. Defined haplotypes of masu salmon based on variable nucleotide site in the mtDNA ND5 gene

Variable nucleotide sites

Haplotype

85 105 108 135 138 147 148 195 219

223

277

357

411 442

Hapl T A G A A G G A T
Hap2 . . . . i - . i .
Hap3 . . . . 3 : . €
Hap4 . . . ; i A 4

Hap7 . . . ’ G

Hap8 . . . &, . : c e

Hap10 . . . . ’ c : @

Hapll . . . . G o 0 ]

Hapl?2

Hapl3

Hapl4 . G .
Hapl5 . . A
Hap24” C
Hap25™

QO

G
A

T

C

=3 .

C C

"Hap24 and Hap25: newly identified haplotypes from the present study
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Table 7. Distribution pattern of mtDNA ND5 haplotypes among 10 populations of masu salmon

Number of individuals with haplotype

roption Hapl Hap2 Hap3 Hap4 Hap7 Hap8 Hapl0 Hapll Hapl2 Hapl3 Hapl4d Hapld Hap24 Hap25
GOL 12 0 0 0 0 0 0 0 0 0 0 0 8 0
SOL 14 0 0 0 0 0 0 0 0 0 0 0 0 1
YOL 12 0 0 0 0 0 0 0 2 0 0 0 0 0
BUL 0 0 0 0 0 0 5 8 0 0 0 0 0 0
rSHI 29 0 1 11 0 0 0 . 0 0 6 0 0 0
rSHA 11 0 1 0 0 0 0 111 1 0 0 0 0 0
rSHB 26 2 1 0 0 1 0 11 0 0 0 1 0 0
rMEN 19 0 1 0 0 0 0 0 0 3 0 0 0 0
rSUK 14 0 0 0 0 0 0 1 0 0 0 0 0 0
rLUT 8 1 0 0 + 0 0 0 0 0 1 0 0 0
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Hapl0

Fig. 8. A single minimum spanning tree of the 14 mtDNA ND5 haplotypes

of masu salmon. Circle sizes reflect haplotype abundances.
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ofalo} A A HEdE  {FHZA PSS Fobstr] s
haplotype ©FA (W3  nucleotide TR (r)E  ZASITHTable  8).
haplotype ThFA e Q¥2k kel rSHAGA 7F4 =9H1(0.601 + 0.055),
HA O ERD rSUKelA 7 e 340.133 £ 0.112)& YeErSdch
nucleotide B+¥A & Be FAolA HA YeEsTH0.001~0.006).

Ad 1

rﬂd

FR2-zol & &lsty] Rl FASHA BRI FsrotestE
28 Jar 5247 Agl(genetic distance)E AR tHTable 9). 1.2 %
A=GOL)F BF Het 7+ Fr 42 0.218~0.5092 Uehgon, & HAga)
Fro] ARl 2e](P0.09)E EHAH. 53], iaxE A=3 FA5 A=BULZE
o] For &2 05092 B A 3t vHlag it 52 He vjg Solsit. o

rr

olg F Fuel A=ZTEHAYA F44 AT FPsta USE E
ok @k 2k FJe T FAAHGODF AFH(YOD)S Aol HaE
o] Fr & 0.000~00178 fHHo= wje A4S Aoz Jeiyth
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28 neighbor-joining¥*H & AF&3}ed consensus trees AF-&3FH tHFig. 9).
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rSHBe} 185 FAeg 1 ¢ 37HSOL, BUL, YOL) HAEEL 2 Ao}9
RE gy dEo] TMENHEI 4 62%2] bootstrapgto @ 1&o] &
AEAJ B BEAAF FFokAlol A2 Ao Age F209 IH(OFA:
GOL-rSHB, ~1EB: rSHI-rSHA-YOL-rLUT-rMEN-BUL-SOL-rSUK)°o] &4 =21
on, IEBE 2709 Y 1B (rSHI-rSHA/YOL-rLUT-rMEN-BUL-SOL-rSUK) ©. 2
FAA= A

_32_



Table 8. Measures of mtDNA diversity calculated for each population of

masu salmon

No. of

Sampling location haplotypes h £+ SD ps
GOL 2 0.505 £ 0.136 0.001
SOL 2 0.133 £ 0.136 0.001
YOL 2 0.264 + 0.136 0.002
BUL 2 0.518 £ 0.082 0.006
rSHI 5 0.578 = 0.063 0.001
rSHA 4 0.601 £ 0.055 0.002
rSHB 6 0.558 + 0.055 0.002
rMEN 3 B & 0.055 0.001
rSUK 2 0.133 £ 0.112 0.001
rLUT 4 0.491 + 0.175 0.001
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Table 9. Pairwise Fsr estimates amng the six populations of masu salmon. Probability of differentiation with P value was

calculated from 1,000 replications. “+” indicates significant differentiation (P < 0.05).

GOL SOL YOL BUL rSHI rSHA rSHB rMEN rSUK rLUT
GOL " " " + " . . " .
SOL 0.293 - ¥ 4 ; ; _ B} _
YOL 0.213 0.074 p " b - _ B} _
BUL 0.509 0.492 0.304 " H | " " .
rSHI 0.241 0.078 0.116 0.506 ¥ 2 ' _ _
rSHA 0.399 0.352 0.148 0.116 0.358 f ¥ " .

rSHB 0.238 0.120 0.023 0.271 0.164 0.069 - - -
rMEN 0.216 0.049 0.010 0.353 0.104 0.191 0.024 - -
rSUK 0.265 0.000 0.012 0.429 0.071 0.268 0.049 -0.009 -
rLUT 0.222 0.017 0.015 0.384 0.042 0.257 0.057 0.008 -0.023
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Structure  Sub-structure

GOL
rSHB
—{ISHI
62— |;oHA
100 YOL —
rLUT
rMEN
BUL

SOL

ISUK

T0

93

100

100

Fig. 9. Consensus tree of Far East masu salmon populations based on the
haplotype frequencies and average nucleotide diversities between
populations (Saitou and Nei (1987).- Nodal numbers in the

phenogram are bootstrap values based on 1000 replications.
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Table 10. Parameters of the sudden expansion model and estimated time since expansion

Population Neutrality tests Mismatch distribution

Fu’ s F (P value) Tajima’ s D (P value) T 0o 01 Pssp
GOL 1.41(0.69) 1.43(0.96) 0.8 0.0 99999.0 0.076
SOL -0.65(0.1D -1.16(0.16) 2.9 0.1 0.5 0.102
YOL 2.70(0.89) -0.53(0:32) 3.0 0.0 0.2 0.026
BUL 4.59(0.96) 2.01(0.99 0.0 0.0 99999.0 0.000
rSHI -0.91(0.2D -0.91(0.2D 0.8 0.0 99999.0 0.081
rSHA 0.82(0.69) -0.10(0.48) 2.4 0.0 2.3 0.110
rSHB -1.15(0.23) -0.69(0.30) 2.4 0.0 1.6 0.232
rMEN 0.84(0.66) -0.73(0.27) 3.0 0.0 0.4 0.070
rSUK 0.23(0.32) -1.5(0.05) 3.2 0.1 0.1 0.084
rLUT -2.04(0.00) -1.6(0.04) 0.7 0.0 99999.0 0.494
Entire -6.62(0.02) -1.37(0.03) 2.2 0.0 15 0.606

7, time since expansion measured in mutational time units; 6, and 6 ;, population sizes scaled by mutation rate before and after
expansion, respectively. Psp, the probability when the simulated SSD (sumvof squared deviations) of the mismatched distribution is
larger than the observed SSD in the goodness-of-fit test.
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10000 -

:

Frequency
2

Fig. 10. Mismatch distribution constructed using pairwise @ differences

among the mtDNA haplotypes of masu salmon.
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