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Genetic Similarity-dissimilarity Among Korea Chum Salmons of Each
Stream and Their Relationship with Japan salmons
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Korea Ocean Research and Development Institute, Ansan P.O. Box 29, 425-600, Korea
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Analysis of population structure of Oncorhynchus keta, the most abundant salmon in the East Sea of Korea,
has not been much carried out despite its importance as a fishery resource in the North Pacific. Currently,
molecular methods are being applied to stock identification and a method of using single nucleotide poly-
morphisms (SNPs) is getting more popular. In this study, we analyzed the 720 bp long sequence of the mtDNA
COIlII-ND3-NDAL region in order to examine genetic similarity-dissimilarity among the Korea chum salmons
of each stream and their relationship with the Japan chum salmons. A total of 152 individuals were analyzed,
108 from 3 locations of Korea and 44 from 2 locations of Japan, which resulted in as many as 29 different hap-
lotypes. Pairwise Fsr and AMOVA tests of the populations show that there is no significant population-level
genetic difference among the chum salmons analyzed (Fsr < 0.07). On the other hand, haplotype relationships
among the individuals reveal that approximately 25% of the Korea salmons consist genetic lineages independent
of Japan salmons and also that a genetic lineage exists in the Puk river and the Namdae river salmons inde-

pendent of the Wangpi river salmons of Korea.
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29} o FFAE v SEEdAsd o1 792 sl (North Pacific
Anadromous Fish Commission, NPAFC)ell 2003 59 A 34
@1=, A, HAlol, A&, d=no= 7RIkl WE dol A
of st HEE FAH R FHsly] A EE

Aozl oist P2 AT FFAEA oA el a&2 =}
AH2E AT dojd 2} s 28l 1 AEEE 57
HEs] olgid "art ik fEiver dof Adke] AEEH
doll thel AT= WFARRIo] AlZHE o] 71 H O R o]Fo]
ot 8 F(1992) F=AF Ao FejH PAE BAska F
Z, uH R, 78R =2 n] 9] Zo], FFo| P2 FolA dof Hut
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AA, &1 9
23 F(1998)2 ok Pl 22dehe ol Ak A &
HxA Tl oiell Bastlor, (19992 BAFERY =RellA
R4k Aol AESH EAS Tlestn doldH ARiel whe
W R Aoje] AT} el dis FREes st
STt Kang and Kim(2004)2 3t=37} Q2] obrlolit dojr) &
ulil AojRo) Z7)7F 2 AFe] Fom o)) FaFef glojA
pol7k g A FsTt. Ak Aol A A3 A9
o] th& vt dojol] nlste] W Ht 3440 HERT $
Ab o] 3]FA R diFiME Y F(2001)0] 71Ee] EiE]
AAEJE FEES AAE B8l Boles ded HEEE
T, BA eIk A& ke wt wiYElR 7hA Aakeka
HEote s MeE Y SRARE AASTE $94, Seo e
al 2006y L& <do)9] 3 {AZE AX T Urawa(2000)2] 71
& TAR 3] il ol Fafolld AoksigS AM 2752
AZ U F AR dojsl 22 HHAZE A oz 22
aF3ict.

Aole) Ak FARF R FRIHE AT isozyme £4
2 AZET) Okazaki(1983)2= MDH-B ©A 9] t}34d &
7|2 Ao] Ak oprlo} AT} B AT LR FEICH,
F(1992) gh= doj7} 4 EqpAlTal fABE L AlAS )
¥, DNA #4] 7]&o] WstaA isozymeo] DNA G714
B} BlojAo] yrth= Zo] deiA|x AES] Hu 7z B4
DNA7} o] 57| A1 &3t 53], 359 v|EEEo} DNAE
AZ o A7 @3 8 ARG s~ whE ST 7
slehs BA0] glo] A9 v EA f-g3lcha A=t
(Brown et al., 1982). Sato et al.(2001) P|EZ=lo}2] control
regioms ©]-&510] Y& Aol AT R E 2polE uhe)Y
I A E3R e T, 013 2004d003=(Sato ef al., 2004) EEFHF A
Aeollx HRE Aojs BAsl F14 Fao] drerjolEel
wi2g]7h AT O FRETL AABISITE. o] AFelA Fhar o]
£ FoHeis AdE Ay ¥3Eg o greolg) 2o A
ol E3hs Ao vehdt). a9, o] ATelx Eeger A
of ek 21007}2)7} B = o) w7 E Hel= 307] haplotypeel
E}slod, n|EE=2 o} control region®] BT} AAISE ATt 241
& A FHX ok vAY ¢ Uuke &) AZ||En. A
(20032 vlo|ZEANERIOIE DNA Ogo5(Olsen er af., 1998)
o} v|EEEg o} 2L F WEkgo] 53] B2 Zog 4wl
ND3(Jacobs et al., 1988; Sunnucks, 2000)2} =7 718 =] COIIL,
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NDAL &te] d7[ujdg F45te] b=z A& dojs} nl= o
017} o7t &S 8t} &2 Kim er al.(2007) COII-ND3-
ND4L #2418 gfiste] HegeF ddoje] 2ot gha-d&
(@A1oF Primorye Z3HyE|Alot-arefiAstaibctml= SO0 5
Aot AABHA

AF7A] SFmat dojel} digk AT sk w14 ab
olof thgt B2 fo| o]2ox]x] ¢9kt}. Kim et al.(2007)°] %
HlE g Ao} F4oA ot iz 3 ool AFE A

2 ZIANAE oo}, B AYoMe o) nekstuA 14 &
oA AojE Aste] FAEIG e FY FUH A= F7}
E AQated EAEITE 24 did B RE 718 A7) )
T 5= UEF 3P| s A Holdo] w2 Aoz d#A
Aol oln] o] gxo] g v|EEZ=glo} DNA COII-ND3-
ND4L A|9& 83t} 2418 @714 viusle] 4dskzt
A& TFE haplotype?] EA] o F-& &Il oH, sk Qojg ¢
B Ao F ulasle] I Al S AT

Mz Y

A ZAE

ek B0 AME dofi= dh= <ol 108714, Y& <o 44
AANZA F 15200t} o] F, 35 s FAm Rk
Ui 1480 B, gy AAET 2279 SaHON A
HAtkFig. 1). BriHelA= 1999, 2000, 2001, 20050l z}z}
6, 14, 15, 30704 AZ = 0w B 2005300 30714),
Lo HefAlE 200000 137147 A-E A D& Aol 2000
Holl 27109} uiAA] shokanbetsu 7oA 227113, hakodated]]
A 207037 ARE[(LE 2 ARl 7 EE 2% 2AS S

AL e

31 100% NSl 1743 & DNA ¥4 o|&&3ir}.
s DNA =&

AZolA 2k 30-40 mgS WelUo] 33} R4
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Fig. 1. Sampling locations of Korea and Japan chum salmons (O. keta).
(KS1: Namdae River, KangwonDo, 38°4420"N 128°37'17"E; KS2:
Wangpi River, KyoungsangbukDo, 36°59'23"N 129°24'15"E, KS3 : Puk
river, Kangwondo, 38°23'13"N 128°2807"E, JS1: Mashike, Hokkaido, 43°
46'59N 141°31'59E, JS2: Hakodate, Hokkaido, 41°46'59'N 140°45E).
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WHo g AFsle] Als DNAS FZ3I5ith 53¢ DNAE 1%
oZ}EA Ao A7)QEE) AJEE 15312, DNAS %
I} 5 spectrophotometryE ©]8-514 A260/2805 S O0E
A EAERI

Chy REIRIe SHEAUS(PCR)

=9 A DNAYK SHELAANTEE o838t Colll-
ND3-NDAL § 4412 AeH 0w SE5j9ir}. ZEo] A48 Tejo]
Bl COIMZ NDAL 434 2ake] 917] wjede] W) cix1sigich
(Domanico and Phillips, 1995; forward primer, COIIl: 5-TTA
CAA TCG CTG ACG GCG-3'; reverse primer, ND4L: 5'-GGT
GCG GTG AAA CGC GAG TG -3). PCR #M3 €912 10x PCR
buffer?} 2+ 2.5 mM2] dNTP (dATP, dTTP, dCTP, dGTP), 2.5 unit
9] TaKaRa Ex Taq polymeraseS 41 8-l forward primers}
reverse primers ZF 2 20pmole 715k A4 50 e W=t
PCR %F5-Z DNA Engine (MJ ResearchAl, v 5)ell 4] denaturation
(94°C, 45), annealing (60°C, 453)7} extension (72°C, 2:2)2] A2
RHE-& 303 ¥HE TSIt A4IRES A predenaturationTHY S
2 94°CollA 52 FRE WREAIZRL AHRES Foll= final extension
Yoz 72°CoA 107 Rt HEAIZATE ¥ ¥ PCRANE 5
5 utE 1% ok~ Aol A7]94%810] =Z ¥ DNAY 7|2 &
Qlalsd on, ZEo) le 4HE-2 QIA Quick PCR Purification
Kit(Qiagen)& ©]-&3}] FAI3ISich.

224 2 epINg B

AAE DNAY 7] 953 spectrophotomertys ©]-231 &
=9 55 st o] F 52 % U 55 Hole A8
= COIIS} ND4L Ezlo]n|E olgsfo] of Hhgkol|a] zkz2 A7
AL ArEte] GrIALES AR R W2 AR
739-= Topo TA cloning kit(Invitrogen)Z ©]-8351o] A== DNA
£ 298It 2329 Y2 ABAM AAIS e w2
B3} 0™ DNAE pCRII-Topo vectoroll A2 5 E. Coliz. ©]
315tk $%E COIN-ND3-ND4L DNAZF E0i8le HIE=
YE 2R1517] Y3l Invitrogenoll X A E-8F M13 forward2l M13
reverse ZEjo|HE olgslo] 221 PCRE AASIL op/lE=
A ol A7) gF3Ete] SEE DNA 2718 1l o] &,
odEZUE wljoFsle] Qiaquick mini preparation kit(Qiagen)yS

N

= olET

ARgBlo] ZEl=n| = DNAE £d3}a1, T7promoter ZEte]u]E
olgalo] WL E WA,

H7IME dlu S T2
H29er G7IMEL AR O E DNAssistL 2 1388 0]-§3}0]
AEAAZH 2P MEGA2 Z2 339 Clustal WE 0] §31o] HEH

o= AUt AR AL E4E A8l ARLEQUIN
program(Schneider et al. 2000y ©]-2-3} haplotypett/d (h)=}
nucleotide™}¥d (), pairwise Fsr value(Slatkin 1995)5 443131
o, Tamura and Nei model(1993)S & &3] AMOVA test
(AMOVA Excoffier e al. 1992)5 AAJBISATE B8, 7HA] 2 2]

44 FAE A5 B7) 948 TCS TFE 738 (version 1.21, 95%
maximum connection steps)ye AF-SFITH(Clement et al., 2000).
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AH0{e| n|EEL
MY 24

g o] 1087HA12 U Aol afA9] T xH 0B HY
Z¥ As DNACA nlEEZ=2|°} DNA COII-ND3-ND4 A%
9] ¥rjqYe] ¥4 €th. Domanico and Philips(1995y7} ©]&
3 COIN® ND4L ZEo|HE Ao ZH] oF 780 bp 719
DNA ©HHo] FZFgth TEd DNAE AA 5, A3 A
& AANAY Z2EAAY HE 7Aool -5 A
9]k &k 720 bpe] A7IMGe] FFHATH 4 A7IALANA 204
H7EA] COMI Rk weh Agol 1, 205HFE 2730714 &
7AYol RNA(gly) -4l m, 274-158 624517k = ND3+F
AR}, 626 5-E 692714] (RNA(arg) £-4} 69331 H-E] ND4L -7
Azpe] 5 2% AlEF BEO|hFig. 2). o] H71MEE NCBICl 55
¥ chum salmon2} 97144 (Accession number, D84147)%} 99%
o] LAEE Holy 27 9] YR|A Aol Hol= Ao
YehHe7dA T—C, 633-634 WA TA—>GG 69193 A—G)
COIII-ND3-ND4L X% DNAY-S 18 4= 9lgit},

BAE 15204 o] AlE BFellA jlelu AdE 71X d
< #AER] Yotet, AT DL A7t (single nucleotide
polymorphism, SNP)& 25 297112] $12]ol|A] 2 =gl on, SNP
of oJate] A2 TR 97] MdE zH= 29719 haplotypeo] -5

2[0f DNA, COII-ND3-ND4X[H2| &7|

1 TCCACTTTCTTTGTCGCCACAGGATTCCACGGCCTACACGTAATCATCGGCTCTACTTTTCTGGCTGTTT 70
71 GCCTTCTACGACAAATTCAATACCATTTCACATCTGAACATCATTTTGGCTTTGAAGCCGCTGCTTGATA 140

141 TTGACACTTTGTAGACGTTGTGTGACTCTTCCTATACGTTTCTATTTACTGATGAGGCTCATANTCTTTC 210
COIII tRNA (gly)
211 TAGTATTAATTAGTATAAGTGACTTCCAATCACCCGGTCTTGGTTAARATCCAARGGARAGATARTGAACT 280
tRNA (gly) ND3
281 TAATTACAACAATCATTACTATCACCATCACATTGTCCGCAGTACTAGCCACTATCTCTTTCTGATTACC 350
351 ACAAATCTCCCCCGACGCAGAAAAGTTGTCTCCCTATGAGTGCGGATTTGACCCACTAGGGTCCGCCCGC 420
421 CTCCCCTTCTCTTTACGCTTCTTTTTAATTGCCATCCTCTTTCTCCTATTTGATCTAGAAATTGCCCTCC 490
491 TTCTCCCCTTACCTTGGGGGGATCAACTCAGTACCCCAACCCTAACACTTATTTGATCCACTGCCGTACT 560
561 CGCCCTCCTTACTCTTGGCTTAATTTATGAATGAACCCAAGGAGGCTTGGAATGAGCCGAATAGECAGTT 630
ND3 tRNA (arg)
631 AGTCCAAARACAAGACCCTTGATTTCGGCTCAAAAGACCATGGTTTAAGTCCATGACCEGCCTATGACACC 700
tRNA (arg) ND4L
701 AGTACACTTCAGCTTTACCT 720

Fig. 2. The major haplotype (HO1) sequence of the COIII-ND3-ND4 region among the chum salmons (O. keta).
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Table 1. Comparison of the nucleotide sequences among the haplotypes. The nucleotide positions only with polymorphisms are shown. Dots

represent the same nucleotide sequence as in the haplotype HO1.
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= tH(Table 1). 2971<] haplotypeZ 23707} & A eA et 22

+ 7RA| Eol 2] 7] (singleton)°] 1L, 671 haplotype(HO1, H16,
H18, H20, H21, H25)5k0] F= 7l o) idellr FE2 o= wAE
%k BolA WolE el

7P w22 Al FEHOZ BoJAlE haplotypeq! HOLE
BF 9o7iA1e) 4012 &8k QIth(Table 1), HO1E 7] aht
9] A}o]F Rol= haplotypeS ¥5 1170 H03~HO05, HO7~H11,
H14~H16 Fol™, of7]e) = o} o7l Ui o] 5747}
EFE T Q) o] F H162 A9-5to] A HolZ] o] ZA{ (8
A d7]ellA T—C Hol) 3= ofnt 470218 xg3sict. shd, o
= dojuk gAIS TS HISS HOLH 5 7MY YoM =}
oj46H A A7l G—A, 591HA A7]N A—-G HOHYE B
¢lck. H180] zk= Wol: H173 HI9NE FEZ 0 RHoix
w, 7§A Bo]d wHol(singleton)! H172 H19%= HO1Z} H]wgt
W H181rh 8k 712] ¢17]ellA b 2ol Bl HI72 s 4
71904 -8 W3l 7E, H19= 619914 7)ol G—AQ)

7191 ¢17] Xglo] oJojwdt}, H20= HO1¥} H]sle] 57HA
%7] MLollA T—C ®lolgl 53434 7] ALolld A—G o]
7} dofut F 7] A7]ef|A] Zpol7} ]lr}, o]ef st Woli= H21~H29
7} ZEHo 7 Zku glo] AGT 7Hl(lineage)s tEd|= So0]4
¢l Ho|Z HojAr}, ek, H24% 5735 Hol7) thh] -T2 9
AR HolE #HE Ao R W]l 107|147 8% H212 H20
wT} 3 719 ¥io)7}h o Wk 59194 9717 A~GE HsIgich
s, 14709] 32 o) JfAl7F TakE H25S H219= o2 ¢
2o H2050} 3 7112 Wol7t o Bk 3078 Aol A—C
29| tranversiondo[7} Helt}, o] §olE= H26~H29004 &4
o7 2@AREE /M SolF ®lolql Ao JERGTHTable 1).
COIII-ND3-ND4L A% A7|Ade] xjoleoflid et 7} haplotype
b AE dee derat GB o) A At Al A
7} TCS diagramellA] 2 E2|%ch(Fig. 3). ©] 2% ellA] haplotype
ol Mz 99 ZY)e} wlglErs, g Al 93 98 94
3k 2o ViR ZAEE 7P 2 HIEE Hole HolL &
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Table 2. Haplotype frequency in each sampling site

Number of Sampling site

|Eaxc

Table 3. Haplotype diversity (h + standard deviation) and nucleotide
diversity ( + average over loci) within population

Haplotype

KS1 KS2 KS3 JS1
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HO1 90
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H26 1
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H29 1
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=3} AE o] REoA 12 A Ll Haplotype5-2 743
Aasd wep IA F IF50F v e Fth HOol~H19%}
H20~H29. 3A| 1F& thr| HOl~H16% H17~H192] 2712] &1
Fog FRYy B4 IFS H20~H24% H25~H299] 2719
AOFC T TFREL HOIE S50 E 3H= HO1~169] 4 T1F
2 Hi6S Adslus BT HOlolA 3R xS0l d WMoz
37} A Aolg nF T HI7-HI9Z o] Fojxl &%
& 27 gk dojubs s glom, 53] HISE k= o]
g ARE A A ZFelx et H20~H24 £T052 3=
7 PE AolE BT EFsha Qle bl 9k, H25~H29 205
b AojihS £g8ka Qlvk. 53], o] 2752 HOl vhr o g
T2 FAlelA] LAEE H25F FHOE sl Qlo] A Boiy
 5E3 79 EAE BoFE

i

ZITHZ} haplotype 742t REE LI
B2 olo] A|R 1087010l Vel 20719] ME T2 haplotype
< AAA HE Ay B KS19) A$ 6sANA 18749 M=

2 haplotype©] YWER I, KS29 A% 1371A101A 47

Population N h 0 (%)
KS1 65 0.72 £ 0.057 0.28+£0.18
KS2 13 0.42+0.16 0.086 + 0.08
KS3 30 0.59 £ 0.08 0.24+0.16
JS1 24 0.70 £ 0.10 0.26 £0.17
JS2 20 0.37+0.14 0.08 £ 0.08

haplotype, KS32] 73-9-= 307HA0llA 47112] haplotypes H.21t}.
Q2 o] AlFE 447l 12719 AE ThE haplotypeS X
gom, Afxx] B2 10l 247047F 9719] haplotype, JS2°ll
A 20707 5702 haplotypes H.3Ath. ARLEQUIN programs:
5] 245 2 AY2AE haplotype Th -2 KS10l4 7H8 &5
(0.7240.06), 182014 7} -2 34(0.37+0.13)& YR T
Nucleotide T} A4 KS1(0.2£0.1 %)ollA 718 =4 Ve o
™, JS260M 7H e 7H0.08+0.08 %) BS R0 (Table 3), 3=
Aof7} Ut Aojol] Hig) iAoz &2 gho] vt

Sk Aol A7k haplotype 742 A® B, oFF dold
(KS1), 23 A KS2) 24 5HKS3)2 dol AR F 50% ©]
Ao] HOLS: zH= 7108 VFePdthKS1:33/65, KS2:10/13, KS3:18/
30). 3+ Ao Aol At #2E)= haplotype 5 1671011, ©]
5 ) o’de] Aol BEH LR Holiz 22 7NEH Hl6
A, H18@NAD, H25(12714) o1tk Hi6S HO13} 1702 €71 A4
Aol & zh=t) nisled, Hige 2719] A71ME 2olF Bl H25
9] 79+ HOlFRE 3709 714 AjolE Holw Fglo] -]
st 1 9 H1s# 17 B2 270e] 9471 AlelE Hole H17#
H19%50] 553} haplotype © 2 VERGTH H252) 1712] &7] M4
Z}o]E ®olH singleton groupe ©15-I AU 47018] haplotype €A
B 3 o] AjAIRES 2 FAE] o] glrhks Aol EolsihFig. 3).

A& do] Hwk oA Ak F A NG Ao} A8 F 50% o
(JS1 : 13/24, 182 : 16/20)°] Ho1ell alF=Sict. Ho1x} 3+ 742
&7149 2o1E ZHE haplotypedll 5718] ZWA7F singleton® 2
Elstow 271¢] 971X F 2}o]E ZH= haplotypeoll 2 ZlAI7F 23
3tk HO1Z 7 7] o8] d71AE Apel g Mol 4719
haplotype®ll 87§<] 7RA7} siF =AUt o1 F 2704 haplotypeo]]
= b Aofrt Al g en, WA F 7le] haplotype BF
o] A& Ao T+ A singleton® T FEFRLTE

AAHA 7 Z2 =y AR o] Alolo] FHA Xo|E B
93 AMOVA(Analysis of molecular variance) tests A3 4
T}H(Excoffier et al. 1992), =7} L& Ao} T IF k] HolE
= A FAA Wol9] 038%% wi$- WA yeled, 7t 1%
Ug] sjzA] 8 wol% i) 2.62%% B vebdth BAE
o] Algollx] yeht 1o]9) 96.99%7} haplotype?te] o) = LiEh
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Table 4. Pairwise Fsr, among the chum salmon populations

KS1 KS2 KS3 JS1 JS2
KS1
KS2 0.02994
KS3 0.01052 0.02687
JS1 - 0.03063  0.04813
JS2 0.05982 - 0.071122 0.05382
°P<0.01
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Fig. 3. Genetic relationship among the
haplotypes in the Korea and Japan chum
salmons (O. keta) constructed by the TCS
program (ver 1.21; Clement ef al., 2000).
Circles and lines indicate each haplotype
and one nucleotide difference, respectively.
Haplotype names are in italics and individual
numbers are within the circle.
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