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% 257%0] A4alT glew, o] % of 19%¢] Fae]  8Fo= BRHEI|E .
N8k 40015 0] )4, of 10801 F0] a5l A 4]eh FgolAol el Rz A AT ofF2
= ez A4z glu(Nelson, 1994). Z7A| 1273} $AE FA o2 FA Pungitius pungitius (3 7Fx] 127];
(Gasterosteidae) Wjol] 2% 5& 7Fo] &3} gJom, F2A By dhle 2 dE HokkaidoXE Kamchatka
FHell= 24 5F0] MAstT Ioh(#, 1997; 7= Hl wke7bx] £x), P. sinensis (7}FA| 127]; P. pungitiuse}
2002). o] Y4A o]F<l 7}A] 2274 (genus Pungitius) AbsE B3), P. tymensis (57X 127]; Sakhaling =9}
- T IFAGL FA o7 Bxsla Qe FIFA o Hokkaido), P. kaibarae (Z7}A]27]; shals 2 g2
F2, Bu] 2 Bgar]ole] T ARlslE AHow B Kyoto)?] 4Zo 2 RF=o}(Munzing, 1969; A, 1987,
TF 3 glom, ofA7A] F4d] WiE FA|AH el dFS A, 1988; Takahashi et al., 2001; 713} 4}, 2002). 231}
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Molecular Phylogeny of Pungitius kaibarae from Mitochondrial DNA Sequences in Selected
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The nucleotide sequence variations of mitochondrial DNA were investigated to
understand genetic differentiation for five different Pungitius kaibarae populations
at five study sites from selected four streams flowing into the East Sea. The
complete sequences of mtDNA control regions of them were determined the constant
sites 342 bp and variable sites 183 bp including parsimony informative sites 122 bp.
Based on the phylogenetic tree, five populations were monophyletic unit (97% MP
and 100% NJ) and separated two groups (Myongpa-Songhuen stream group and
others group). The population of Baebong stream (82nd bp, G-A) consistently formed
them of the Jasan stream into a monophyletic unit even though it is closer then
Myongpa stream (99th bp, T-C) from the Baebong stream. Further studies on the
molecular phylogeny for the primary freshwater fish are needed to establish for the
fish biodiversity conservation in mountainous and upland streams.
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257 GAAe) BHGNE 5 7k A7 2absle
EA7F = Agoe=w QIAFHI ¢lok(Minzing, 1969;
Wootton, 1976; 2] £} ), 1990; Takahashi et al., 2001;
Takahashi and Goto, 2001). ©] = P. kaibaraex= Y2-29]
TEAAM Hz=2 W7He] AFoz HIH o]F e
A& HollA] At Aoz odejx gl (i, 2000), =
WolNe Sz f8e el & ahrel AAlshe
Ro=w odHx ik (Z 3} vl 2002). E3] P. sinensis}
P. kaibarae®] ¥ =%o] lsler, atel mEpx =
ol F2 WFoz FHIVI= dhich A (1987)3 A
(1988)= Z+7t o}& 434l P. sinensis sinensis$} P. sin-
ensis kaibarae2 Zcts}lg] om, Kim et al. (1989)3} 7]
(1997) 5= A Afolo} Hx Fitol] we}t 7 Fo] o
2 Z91& ®33}9l3, Yang and Min (1990)-2 o] S
o8t 197] genetic loci®] tH A} BIEE FA}sle] ¥
Zzoz WY 3tk At A (20000 18s ) HZ DNA
N BHE Bo) T 23] 404 A7} Qo] WEo
= 2w

ghbmel] AAJSHE 27T o fi m sEew
Gasterosteus aculeatus (27}x| 127]), P. sinensis, P. tym-

ensis, P. pungitius, P. kaibarae®. G. aculeatus$} P. sin-
ensist E3] 8 o=} H—sﬂsﬂr A{%ﬂi SolE= gm 3}
AN = MAs, o] 52 A9F 3% BT F9= 5
=3 spe) skl AAshe Aoz el ek 7}
A37)4 e dAE HlA T ARk Aoz o
S glort A ARARs BEAA ekoke WAzt
A, FWel A Azl R AFE AF (A o,
1999), 3e]* EA] (Chae and Yang, 1988; Kim et al.,
1989; A ¢} <F, 1989), 7} 127] 9} AF7kA 3171 8] ApdAHE
(iHS’Jr oF, 1990) & =7zte] el MAZe] x}o](Youn et
. 2002) ol #3 Q7o Y= ge) F3), wAHA)
Eé—tq—zi AT (A, 1988; Yang and Min, 1990; A1 £} A,
2000; Chae and Seo, 2003)= 7FA| 3174 W] ZE71xa}o)
ol Fg ATt ol Folgom, 7 shHel Ak A
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Fig. 1. Map showing sampling sites for Pungitius kaib-
arae collection of northern east part of Gangwon-
do. SH, Songhyeon Stream; MP, Myeongpa
Stream; BB, Baebong Stream; JU, Jasan Stream
(upstream); JM, Jasan Stream (downstream).

o 97 = 470 HA, 570 A A AR st A8
ot (Fig. 1). A1 12 A &= $3A 37 (SH)e]
o, A4 2% dH #ate] F@abd 85 (MP), A1H 32
A el g SR EB), A 49 5= AdE
A2 e} Akl e] AR AFR (JU)e BLF (IM)E 2t
HEAfez dAsladch ol f AW 7 2RI
"R 5 X 5mme] S o] 83}e] 4=3)3}eiTh

AR AL Aelele Az AP A9 =
A AZeholch DNAL 50mg FEs] H2AE A
A2 & DNAFZEN 1mLdl] B339} o] DNA A]
2+ proteinase K stock-§-<4 1} RNase A stock-&-o-& 7+
ZF 4uL3} 4uLg E3st £ 1.5mLE homogenizer=
23}l n|EZ =)o} DNAL] #2]+= Chapman and
Powers (1984)2] Non-diet B & 7l 2kste] A}8-3}glt)
PCR (polymerase chain reaction)2 z}z}e] dNTP 0.2
mM, Z+ primer 0.25 uM, 1 X Ex Tag buffer (TaKaRa Co.
Japan)¢} 1unit®] Ex Tagq DNA polymerase (Ex Tag™,
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Fig. 2. Phylogenetic tree based on genetic distances estimated between 47 samples (including 42 samples from
Takahashi and Goto, 2001) aligned CR sequences (haplotypes) of ninespine sticklebacks. The bootstrap values
near the branches were calculated using the maximum parsimony and neighbor joining method.

TaKaRa Co. Japan)& Z&s)] & 25uL= vh-2ig A
3}l o1, denaturing (94°Cel|A] 13), annealing (58°C¢]|
Al 138, extension (72°Col|A] 18) cycle2- 303] vlE-3}9
o} PCRE E3] ooz AME-2 QlAquick PCR Purifica-
tion Kits (QIAGEN Co. USA)& Alg3}e] A A3l c) 1)
EFcz]o} DNA control region2 Lee 5(1995)¢] 7]&
% K primerE W33 L-Thr (5-AGCTCAGCGYCA-
GAGCGCCGGTCTTGTAA-3')3} Kocher 5 (1989)2)

HO00651 primerE W33 H-12S (5'-TAAAGTCAGC-
ACCAAGCCTT-3') primerE ©]£-3] cycle sequencing$-
A1A]3}sic} ABI PRISM Dye Terminator Cycle Sequenc-
ing Ready Reaction Kits (Perkin-Elmer Co., Norwalk,
USA)-S A}8-3}ed 96°Cel|A] 103, 50°Cel|A] 5%, 58°Col|
Al 47k ubgE 253] nbEElgiH. o]¥€ A deixl
extension products: o2 A Z automated DNA
sequencer (ABI PRISM 377)& A 7] E3}9i}
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n| EZ =g o} DNA control region2] 937]4]4-2 DNA-
SIS ver. 2.5 program (Hitachi Software Engineering Co.,
Ltd.)o 2 A& 3}o], maximum parsimony (MP)Z} neigh-
bor joining (NJ) W 2.2 AEHAS 24 U5
o}. PHYLIP version 3.5 ¢ package (Felsenstein, 1993)2]
DNAPARS 2 NEIGHBOR program-g- o]£-3}o] z}7z}e]
phylogenetic treeS ZAAstgl o NJ¢ MP AES z}
3ol 1,0003]2] bootstrapping 475 3330}
SElvet salisk 570 A6l A A7 P. kaibarae®] A
o7 A4 BA LS pAUP* (Swofford, 2002)& o] £-3F
parsimony network 548 433} t}.

A8 P. kaibarae /A2 5712 G7A QDo) w}=E A
BE+ Fig. 2o eplilet AEE Q7IM9> % 525
bpo]m, o] & Wo|7} ¢l& constant sites:= 342 bpeo|H,
W o]7} ¢J= variable sites:= X5 183 bpy L o] par-
simony informative sites:= 122 bp2 yEldt} AT/ICG
N A8 L&A AF 2 (ool 1672 o
ehgton] Umx] xA-L 1.72 Jeldoh Takahashi and
Goto (2001)= 7}A| 327142 control region®] AHx
7192 <F 830~930bp=E o)) A] 100~ 300 bp region
(°F 200 bp)e] 2hH o] %
2 Bysiel

B 57] AR A t)d A3}= Takahashi and Goto
(2001)2] Az}e} A MP (Maximum Parsimony)<} NJ
(Neghbor-Joining) W} o 2 AE4S 2HAste] v, &
Malodeh & A7eh ATl AHEE out groupe
Z7}A] 227] (Gasterosteus aculeatus, 41)¢} AH]E3]
(Aulichthys japonicus, 42)& A3 ®2|=e] =13}
£ °]FEZ outgroupo @A FIst Hloz vepyct
48] &1 7 (Takahashi and Goto, 2001)¢l] 2]s}H FEo}A]
o} X2 7}A] 7] (P. pungitius, P. sinensis, P. tymen-
sis)e 27 M Aoz FEFHUG A WA I1F
(Group A)<> P. tymensis A5t o 2 ARl Lo}l $}e]
= FRe) 9y SRl ARH 55 ATl i)
IF-E 0]F9H(97% MP % 100% NJ bootstrap value).
T WA 1% (Group B)2 P. tymensis?] sister group.o.
2, ol =73 shle s oloA] A== P. sinensis X
wholr] o] 5& o}y oflwke} Wb ojxshoz A
Brlo]x] glt}(64% MP 2 73% NJ bootstrap value). A
WA Z1F-(Group C)2 Alu2]el Faioll e A7t
& AA Qe 2R AP Fyelel Bxaln g
Ao = P.sinensis®} P. pungitius, 12|37 F o] &
3oz TA=] ot (97% MP 2 100% NJ boot-
strap value; Takahashi and Goto, 2001).
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Fig. 3. The most parsimonious network of Pungitius
kaibarae based on mtDNA control region (525
bp). Vertical bars represent a single mutational
step.

gl

2 534 (2¥; Takahashi and Goto, 2001)3} 2 o) A}
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3l57} e bootstrap ZES B}t (57% MP 2 529% NJ
bootstrap value).
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H)2] P. kaibarae 7| A= 1 o]'F2] P. kaibarae 7| A=
I FA- oz ko] Apelr} 9lE AoR yEehdH. o
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Eo] ARl Hzof whet fFHA 0w wHHT PSS
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