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Mitochondrial DNAs has been used frequently as genetic markers for the population genetic studies of
salmonid fishes. Samples used in this experiment were chum salmons (Oncorhynchus keta) from Korea. We
analyzed variation of mitochondrial NADH dehydrogenase subunit 3 gene (ND3) among 4 individuals of the
Korea population. Genomic DNA was extracted from the liver of the chum salmon samples. Then, the ND3
gene was amplified by polymerase chain reaction (PCR) including the 3' region of cytochrome oxidase I
gene (COII) and the 5' region of NADH dehydrogenase subunit 41. gene (ND4L). The size of the PCR
product was 752 bp and the sequences showed some genetic variation among those four individuals. Genetic
variations were observed in 7 sites as single nucleotide polymorphism (SNP). Within the open reading frame
of the ND3 gene which encodes 116 amino acids, 5 nucleotide substitutions were found. Both transitional and
transversional changes occurred more frequently with transitional changes. Comparison of these sequences with
the others of a Japanese chum salmon in GenBank showed 5 sites of SNPs. This study provided the basic
information of SNP in ND3 gene among Korean chum salmons and demonstrated the possible use of the SNP
data as a genetic marker.
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A'I = (Brown et al., 1979, 1982). J &P & nEZ=gjo} DNAE

W 2o E doje AdaA s o8 7 44 TAF T2 1 olste] HAEE vlushEd ofF 22 H4
o) gyt A¢Ee Fo sadeoz FEay g RALARAM AMgHR Go 58 & dye] AR
Zab AZEQl v, B AUt @ gAlol = He ol NADH dehydrogenase subunit 3 (ND3) 3= BE HE
AJZEL o] Ao X&x 7L o) 19939 29 Al FIEZEor DNA Wl A EAst len
R gk 2514 o298 wSo] 2179 Aol s 2 F o] AERAGL §HE o] e AHFHoR
BEsy ok T BHEor dorE AedAE Aol o] &5 31 9t} (McKay et al., 1996; Verspoor et al., 1999).
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Aaa 1A 7128 A5 (McKay and Smith, 1997) 0] 424
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T-Z3= genetic marker 71 (Hong et al, 1999), H|EZE T
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A o] 9] n| EZ =g o} NADH dehydrogenase subunit 3 3 < 9] Z 54 95

478kl CenBankel 528 dolol A7|NAT W7 3
Hare] @ ool wol® EAleT,

e o W
AZE A
2 Aqe ARgE o] (chum salmon, Oncorhiynchus
keta)iz 1999 f-2luel SO 2 AT dojE =
FARETY FF laE AT AR AFHET AR
oA H wolue] A 43 thE, -80C | ®itst
HA Age] o] g&ict.

Genomic DNAS| =&

19 genomic DNA F&2- 4R EH 7 o 70 mgs
#slol M43 ¥, QIAGEN Blood & Cell Culture DNA
Midi Kit (Qiagen, Germany)Z ©]4-3ko] a2 A}2] protocol
of we} 2&HsP ) &% DNA A spectrophotometer
(Shimadzu, Japan)® ¥4 260 nm$} 280 nmoj|A SFES
#Aste] DNA w59 «5F sk

NDS SEA Hofol BE

%% total genomic DNAZRE] w|E & =gjo} DNAS
ND3 99& Adexoz SH5A717] §18 PCR "ol
0.5-1 ng2 DNA$l 1XPCR buffer (Qiagen,
Germany), 1 unit® HotstarTaq DNA polymerase (Qiagen,
Germany), 0.2 mM dNTPs$} Z+ 25 pmole?] primerE g
HES-F ol 50 L3 WH3-A]Z v}, Primeriz forward primer®
cytochrome oxidase II gene (COIM; 5" TTACAATCGCT-
GACGGCG 3')¥} reverse primer? NADH dehydrogenase
subunit 4L gene (ND4L; 5° GGTGCGGTGAAACGCGA-
GTC 3')% o184ttt (Domanico and Phillips, 1995).

PCR WH&- 94°CellA] 10¥ (initial-activation) W& 3,
94C oA 13- (denaturation), 50 C oA 14 (annealing) I
3l 72Co]A 13 (extension)?] 3¢hAlE 353 HkHES o
&, A 3o 72TCoA 108 (final-extension) &<t
RS- Al o, o] eF 7HS- PCR ¥F$S MiniCycler TM (MJ
research, USA)-& AFE8l3tl. FFE PCR 4HEE 0.8%
agarose gel oA #H7]1dE3$ thE, ethidium bromide
(EtBr, 0.5 gg/mL)ell §14i5te] AeH o7 THEY=A &
183t} (Sambrook et al., 1989).

template

Cloning & plasmid DNA =&

F¥¥ PCR AHES pCR2.1-Topo vector (Invitrogen,
Netherlands)el) #3293 3e] Top 10 competent cell
(Invitrogen, Netherlands)oll @2 A3k A7 o, AHSH
M a2yt 7 JfAG 24704 A 8ke] ampicillin (100
pg/mL)e] FH7bEl A LB XA 37T, 250 rpm o F
shiEuk vl oksto] Apek vre|glob £ KB el v DNAE
FEstelh.

FEfAu)n DNA F%ES- QlAprep spin miniprep kit

(Qiagen, Germany)ir ol-§3t] F&3%la, 58 Eoa

vE DNAY L8t ¢85 A&t z+ sald 4719
DNAS ®3l17 71 ¢

DNA 7|ML 2t ofpl =t Mg 24

DNA 97492 ABI PRISM dye terminator cycle
sequencing kit (PE Biosystem, USA)E At&3}o] 95T o)A
28 Z7|¥H$  (initial-activation) ¥, 96TeolA 10%
(denaturation), 50Cel4 5% (annealing), 60To|A 4%
(extension) 2] 3TAIE 253 WHEsIY o, olgt e A
£ GeneAmp PCR system 2400 (PE Biosystem, USA)C &
FEARAY, FEHE PCR AHES A&t AHAZ £,
ABI PRISM 377 DNA sequencer (PE Biosystem, USA)& ©]
gt 07195 stslom, A AMT 4ol F7iA el
visfol wPware] primerol] dlg Q171w FUAA A
G 971e dassi,

A7) DL GeneDoc & 78 (version 2.4, Cris, USA) S
2 AEAZeH, 971718 3%/ NCBIE BLASTE ©|
£38}o} 2413181 T GenBankll 5% data®} H] W4 319}
o, obulAbgre) @oIE ZAbel] S1A, 9714 F ND3
dATkE Hato] ExpasyollA] obv| At GE AEA7]4,
GenPeptoll 55 ¥ ND39| ofu] At A3 v] w4 akgith

a3 o nF
ND3 REIX ete] m=

Wt 2HoZRE FEE genomic DNAE B ¥% <F
700 ug/mL 5 1.8 ODxo/ODgo@ F L9 571 B
& DNAZ} #ZH3th n|EZEol ND3 g9& 497
o= ZZA717) 93 COI FaAsh NDIL f Aol
71 d dFE primerZ ©]-g3te] TEAIZ] A3, Fig. 13}
#Zo] ok 750bp 719 PCR FF AES €& & Atk

2

DIEZ=2|0l ND3 Zedo 22Y
Z#Z 3 PCR AHES nEE=go} DNASY ND3 99&

Fig. 1. Electrophoretic profiles of seletively amplified
ND3 region by PCR in the salmons. M: 1 Kb Plus DNA
Ladder size marker (Life technologies, USA), Lanes 1-4 :
individuals from Korean chum salmon.
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232493l7] Y3ste] WA TA Cloning Kit (Invitrogen,
Netherlands)E& Al8-3Fe] #WE o] AAAFAY. PCR A=
< pCR 2.1-TOPO #Ee] dAAA F2da3 o, 444
® DNAS 2715 Z43t7] A3l Invitrogeno) A | 23k
M13 forward primer2} M13 reverse primers ©]-83}o]
Z 271 T2, 0.8% agarose gel AollA A719 %5 3 Ay},
Ak Aol 47) A Rell A ¢k 1,000 bpe) PCR AbE©] &9
=t

HIIME 2

FEvket Fae R 3AG do} 47148 ND3 F-Hzt
of giste] 2293t 7IMLE £A4S A, Fig 29
Ze] Ccome} NDALS] A#7F Z¥Hd 752 bpe] E71A 4ol
AEEAh o] @714 QDL NCBISA ¢dojA ¢lo] (chum
salmon)®] 97| % (GenBank No. D84147)%} Wl 3}31&
o, ND3%ke] A7) H-E 282-632 bpE 351 bpd VIR
AEso] e, HRkE 1-281 bp= COIMNI, FHHE-
633-752 bpe @71 DL NDALY LRI} £ A7A
AU A £ it

Al 7R A 719) single nucleotide polymorphism (SNP)-2
Fig. 3914 Hgo =z qAIs Az Lol 47 A|EolA 77]9]
AA e Mz G A47|17F fEE e AAY Wo st S
£ 4 F AU 2 4719 Aoy e HaEHA
¢F9ktt K1 (K: Korean salmon), K2, K3 18] 3 K4 A 8.9
A AR Wol7t Yebd $1A1E K, K28 K3, K49 65
bp (T—C)&} 542 bp (A—G) HX|ollA] # o] (transition) ]
gt HA7IX o] dojrom, 315 bp (A—C) HA A=
HAF(transversion)oll 213k G7| A gho] Aoty 3, 3l
A A7 Wo] 7k Eebd Ao 2= K28 334 bp (T—0),
424 bp (C—T), 727 bp (C—T) Y9} K42l 414 bp A
off Al Aol7t dojted, =it oo AR Mol
Aol 2z WHolgo] Z7t 86%, 14%EA] Zole gt W
o7} ¢k vl AE ¥A FAHUC oA A vEZ
Z 2o} DNAYY #3137 ol doly wixrt dge]
TRt A4 JebdthE Brown et al., (1982)8 B1st o
S

NCBI°| 558 dole f71Ma% vast 47 dA=
Hl28HAl JErg o, B 43S 541 bp (G—-T)9}F 599 bp
(G—A) A= A ANE BTN A7|xFo] B3
=oj & vt dejgd 7FEE 4 gl SNPEA S )
27} Qluba AbZECH (Table 1), 3 K13 K2 AlE oA
2ol & vrebd 65 bp, 315 bp, 542 bp YA E FFAF Ao
Z BE7F dojek HHE 4 SNPEA 9] 7EX 7} glvka A
Zrck g8y GenBankoll TEEHOISIE Aol 474 E
o] do] HEE dud £ g7l dFo)] McKay et al,
(1996)0] Bagt A7[Mda vwst AH, Fig. 49 2o
54194 A7} = GenBanko)| A= guanine, McKay %} & A%
of Ag3l A8 257} thymineo) Qi th 38t 5427 A7
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Table 1. Nucleotide substitution positions in the mtDNA
ND3 gene region of Korean chum salmon

Base substitution position

Strain
65 315 541 542 599

Chum salmon™  C C G G G
Korean 1 T A T A A
Korean 2 T A T A A
Korean 3 C C T G A
Korean 4 C C T G A

* Nucleotide sequences in GenBank of NCBI (Accession
No. D84147).

£ GenBankoll A= guanine© 2 K3, K49} 7Z-& ZA3jo|u},
McKay9} 2 A8 2] K1, K204 adenine 2= E}RECE ©]
s} e A= SNPEA Q] 754 S AJAFsta QLo 47k
Ao} @7iMgntg vad Agolmw B ARE EuR
o Be Age] dig #Ao] dgstrtn Ayzhdrt

2]

ofo| =t 24

dEg 9714 d F ND3o| %38} 351 bp (282-632 bp)
A71E otwlx A dE HEAIA Fig. 484 #Zo] v
o} ofmj At & W5 open reading frame (ORF)-S 1
A 9)x o) methionine (Met)S X A= ATG MA|ZE
S ANFOR TAG ZEg TAIFELE 116709 opr]
o2 AYHG} Fig. 37 Zo] 116719 ofvjxat & 1
oA Aol 2l ofm|iat X @(+)o] dojrkar 230
Holof o] & ofn|Ab A gh(*)o] Pojwtrh

Age] 95l ofm|icito] uby YA = 12/A ofr|ate
Z K13 K2e1A ATCE vHeRt isoleucine (Ile, DRI obv] o
Abo] K38} KaolX&= A WAl 477 d@so] CTC
leucine (Leu, L) 0 2 X 3% gt} zolef o3| X|go] Ao
G X = 18 ofwmAbollA K, K3, K4olA Leu
(CTa)e 2 AFHP oY KoM= F ¥ g7 17}
x8+5]o] CCAQl proline (Pro, P)©. 2 u}#jo] oful =4l X
gto] elojitom, 48 A ofw| :ibo A= K1, K3, K4oj A
GCCQ} alanine (Ala, A)2.8 AHH oY KoM= F
WA 377 23E GTCQY valine (Val, V)2 2 ¥ E o]
ofm| Al X go] Aoty EF @I Lol Holrt
ot ot ofm ik el WErt Vel o2 2%
9 oflulmAte] BRAHJG. 459 ol A M= K,
K2, K394 CTAQl FEo] #EHY T KaolHe= 3 HA
A7lell HMol7} doljk TTAGl FE=o] HEE G o), ofn
LA G E F ZE BT Leul 2 ofu]Abe] 2 glo]
WA E 2] okt vkt 2 8TH A ol A2 K1 K2
o CTAYl ZEo] #&EAEHG T K38 K4olde 3HA o
717} 218E CTG FEo] #AH o, obu]ipabrd dof A
T I BT Leul® #EE o] ofn|atA el W3}
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A o] 9] p] E& = ¢ o} NADH dehydrogenase subunit 3 39 o] S84 97

70
K1 TATACGGCTCCACTTTCTTTGTICGCCACAGGATTCCACGGCCTACACGTAATCATCGGCTCTACTITTICT
S T.....
S T C.....
K d i e e e e e e e C.o....
140
K1 GGCTGTTTGCCTTCTACGACAAATTCAATACCATTTCACATCTGAACATCATTTITGGCTTTGAAGCCGCT
K e e e e
P
S
210
K1 GCTTGATATTGACACTTITGTAGACGTTGTGTGACTCTTCCTATACGTTTCTATTTACTGATGAGGCTCAT
K e e e e
S
S
280
K1 AATCTTTCTAGTATTAATTAGTATAAGTGACTTCCAATCACCCGGTCTTGGTTAAAATCCAAGGAAAGAT
K e e e e e e e e
K 3 e e e e e
S
*— 350
K1 AATGAACTTAATTACAACAATCATTACTATCACCATCACATTGTCCGCAGTACTAGCCACTATCTCTTTC
K 2 e e Aol Conii i
K 3 e e G i e e N
K 4 e L T i,
420
K1 TGATTACCACAAATCTCCCCCGACGCAGAAAAGTTGTCTCCCTATGAGTGCGGATTTGACCCACTAGGGT
S OO
K 3 e e e C ......
K d e e e e e e Tooo.on.
490
K1 CCGCCCGCCTCCCCTTCTCTTTACGCTTCTTTTTAATTGCCATCCTCTTTCTCCTATTTGATCTAGAAAT
K2 ...T........ e e e e e e e e i e e e
K 3 .C ..................................................................
K 4 e
560
K1 TGCCCTCCTTCTCCCCTTACCTTGGGGGGATCAACTCAGTACCCCAACCCTAACACTTATTTGATCCACT
K 2 e e e e e e 2
S L
S L
630
K1 GCCGTACTCGCCCTCCTITACTCTTGGCTTAATTTATGAATGAACCCAAGGAGGCTTGGAATGAGCCGAAT
K e e e e e
S
K e e e e e e e e e e e e e e
% 700
K 1 AGGCAGTTAGTCCAAAACAAGACCCTTGATTTCGGCTCAAARAGACCATGGTTTAAGTCCATGACCGCCTT
K i e e e i e e e i e e e e e e e
S
K e e e e e i e
752
K1 ATGACACCAGTACACTTCAGCTTTACCTCAGCCTTTIATTICTAGGGCTTATAG
K 2 e T i e e e
K 3 e e e e e e
K4 e L

Fig. 2. Alignment of nucleotide sequences of mitochondrial NADH dehydrogenase subunit 3 gene region from Korean chum
salmons. Dots correspond to identical nucleotides and the positions of base substitutions are show gray boxes. K 1-K 4:
individuals from Korean salmons. *ND3 gene.

gloluh, Ak 12¥A 9 A e)A K39 K4 leucine .8 X gto] o
w3k A o] 470418k GenPepto]l THH o9 Wi, 189A A A BF Leuol #FEE I o K2
ND3 G418 opn]-AbA19 (BAA20155)% vlwsl & 2 a o AIRE proline .2 ofm] Al 2} gho] Aot ow, 48H A

Table 20 3EA 3 4328] A4 ofu]uAl A gho] A AA A = K2o| M RE valine 0. & A &o] oty T2t
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K1 MNLITTIITITIT
K 2 MNLITTIITITIT
K 3 MNLITTIITITTLT
K 4 MNLITTIITITLT
0

K1 PQISPDAEKLSPY
K 2 PQISPDAEKLSPY
K 3 PQISPDAEKLSPY
K 4 PQISPDAEKLSPY
K1 PFSLRFFLIAILF
K 2 PFSLRFFLIAILTF
K 3 PFSLRFFLIAILF
K 4 PFSLRFFLIAILTF
K1 LPWGDQLSTPTLT
K 2 LPWGDQLSTPTLT
K 3 LPWGDQLSTPTLT
K 4 LPWGDQLSTPTLT
K1 LGLIYEWTQGGLE
K 2 LGLIYEWTQGGTLE
K 3 LGLIYEWTQGGLE
K 4 LGLIYEWTOQGGLE

Fig. 3. Deduced amino acid sequences

+: amino acid substitution by transversion, *
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of mitochondrial NADH dehydrogenase subunit 3 gene from Korean chum salmons.
: amino acid substitution by transition,

[ positions of base substitutions.

540 560
GenBank TCAACTCAGTACCCCAACCCGGACACTTATTTGATCCACT
McKay ... . . i i, - e
K1, K2 . .. TA. o e
K3, K& ... 1

Fig. 4. Variation site DNA sequence of the mitochondriai ND3 gene.
Notes: GenBank-Accession No. D84147; McKay et al.(1996); The present study - (K1, K2), (K3, K4).

Table 2. Comparison of amino acid sequences of ND3
from Korean chum salmon

Amino acid Substitution Position

Strain 12 8 43 87
Chum salmon® I L A R
Korean 1 1 L A L
Korean 2 I P \Y L
Korean 3 L L A L
Korean 4 L L A L

* Amino acid sequence of chum salmon ND3 in GenPept
of NCBI (Accession No.: BAA20155).

(e}
e

o

1oz g87A A e) ofn GenPeptol|
ot A Holl A= arginine 2 2 e O, &
Ao K AolstA 4fAlN BF Leuo® #
A AlZ oA ofm Ak A gho] T E Tk A )
o QlolA otuliAl A EE K39 K47t e ML=
#A2E o ofp A DS g EAH 27 K1, K2, K391 37}4]
FHE vEE

>,

=+

oo S
2 lo

=

=}

A

rL

M EZE2ol DNAE JEEo] £3H o] glA ok, &
Azt AR Holw AxdelMs dAAT, sEIE
2o} DNAYIA &= 314 e 497t Sk Ed HolZ

o2 uEZT ot FHALYEI} HoMds 2 A HE
Hog 59, 53] AAFZEO EHAsIth Aot
o A, M DNASA &= isoleucine® Z & X = ATAZ}

ST,
Al =2 methionineC® o] 51 AR F =< TGAZ}F

nEZT g o} DNAYIAE  tryptophanl ® )& A,
arginine®l AGAS} AGG FEO] FHFAECR AL EEHE= §
8 DNASE Aolgt ddo] Yepdtt v o] 52 Ho]

A 29 AEL vEFZE=g ol DNAY 3580 E Lhet
e Aol obdet, BE Fel wiep b2 A Jeldoia 3
T 2 AFoA] A7IAMEE otr A YR YA F
I FAZESZ ¢FH A= TGA F=9] tryptophanS & gf
HA A7) 249, 91, 10791 28] 1149 2] 4 9] 2] o) A4
FzE ok ol st A= Aot Hel A9 miztst
A2 dEdtte 2AE o 7 UAddh

b )
Al

W oy

i

=1

g5k Aol afAIZEe Sl E A W
UATE Lev} o] GofellA e
& Harlde Be 259 shedel
& HFES A3 oE nEZEet o
A gdeta, ste g o g2 A8

ARG T B AgelAE e



o] o] m EF X g]o} NADH dehydrogenase subunit 3 ¢ 24 99

o FF 8 ¢ojo] vEIIIEol ND3 S4x} A8 it
et} 1 714 E Aol Plueo A R4 o

P4 olipel Az Asiw H8% S o Aud
ZAtel 2

QAP AP S AL A A ] 2
AR Qs A4 7

>

¥
AL

g s ‘56H°P0H°“§
Ap9L QAP AlE S Qdn] x| glel olste] £AR 2ol
], °l°ﬂ TR Y )
T
Brown, WM., JR. George and A.C. Wilson. 1979. Rapid

evolution of animal mitochondrial DNA. Proc. Natl.
Acad. Sci. USA, 76, 1969-1971.

Brown, W.M., EMM. Prager, A. Wang and A.C. Wilson.
1982, Mitochondrial DNA sequences of primates:
Tempo and mode of evolution. J. Mol. Evol.,, 18,
225-239.

Domanico, M.J. and R.B. Phillips. 1995. Phylogenetic
analysis of Pacific Salmon (Genus Oncorhynchus)
based on mitochondrial DNA sequence data. Mol.
Phylo. Evol., 4, 366-371.

Hong, K.P., J.G. Myoung, JK. Son and C.W. Park. 1994,
A biochemical study for the development of genetic
marker on Salmonids in Korea. J. Kor. Fish. Soc.,
27(1), 83-88.

Hwang, G.L., Y.C. Lee and C.S. Chang. 1997. Mitochondrial
DNA analysis of the Fleshy Prawn (Penaeus
chinensis) for stock discrimination in the Yellow Sea. J.
Kor. Fish. Soc., 30(1), 88-94,

Kim, SH., MS. Park, Y.H. Kim and D.W. Park. 1997,
Genetic analysis of mitochondrial DNA from Korea
Oysters, Crassostrea gigas. J. Kor. Fish. Soc., 30(5),

804-808.

Kim, LS., B.Y. Min, M.H. Yoon and D.H. Kim. 1999,
Mitochondrial DNA  polymorphism of the Blue Mussel
(Mytilus edulis) species complex on the East Coast of
Korea. Kor. J. Life Sci., 9(3), 262-267.

Lee, HJ,, 1Y. Park, JH. Lee, K.S. Min, 1L.G. Jeon, M.A.
Yoo and W.H. Lee. 2000. Phylogeny of the subfamily
Salmoninae distributed in Korea based upon nucleotide
sequences of mitochondrial ribosomal RNA genes. J.
Kor. Fish. Soc., 33(2), 103-109.

McKay, S.J., R.H. Devlin and M.J. Smith. 1996. Phylogeny
of Pacific salmon and trout based on growth hormone
type-2 and mitochondrial NADH dehydrogenase
subunit 3 DNA sequences. Can. J. Fish. Aquat. Sci., 53,
1165-1176.

McKay, S.J., M.J. Smith and R.H. Devlin. 1997. Polymerase
chain reaction-based species identification of salmon
and coastal trout in British Columbia. Mol. Mar. Biol.
Biotechnol., 6, 131-140.

Park, J.Y. and Y. Kim. 1995. The number of nucleotide
substitutions per sites of mitochondrial DNA in the
four Pleuronectid species. J. Kor. Fish. Soc., 28(5),
649-658.

Sambrook, J., E.F. Fritsch and T. Maniatis. 1989, Molecular
Cloning: A Laborator Manual, 2nd ed. Cold Spring
Harbor Laboratory Press, New York, 545 pp.

Verspoor, E., EM. McCarthy and D. Knox. 1999. The
phylogeography of European Atlantic salmon (Salmo
salar L.) based on RFLP analysis of the ND1/16sRNA
region of the mtDNA. Bio. J. Lin. Soc.,, 68, 129-146.

2002\ 39 290 4
2003y 39¥ 27 ’“a]



