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Abstract

Coreoperca herzi is a native species of Korea and its distribution is nation—-wide.
Coreoperca kawamebari is distributed at the south-western area of Korean
peninsular and the western part of Japan. Siniperca schezeri inhabits a wide range
of freshwater habitats of Korea and China. Although sinipercid fishes are popular in
the Far-East Asia and some species are important for commercial fisheries or sport
fishing, a few studies on their relationships have been conducted so far. Thus, this
study has performed to understand phylogenetic relationships among sinipercid
fishes using mitochondrial cytochrome b DNA sequences. Based on our results and
fossil records, the time of speciation and genetic separation among populations
within species was estimated. Morphological differences between populations were
also investigated to understand how much genetic difference can affect the
morphology in C. herzi and S. schezeri.

The complete cytochrome b DNA sequences were 1,141 bp in length, which began
with the start codon ATG and ended ,with the stop codon TAA. Also, it was
inferred to have an ORF of 380 amino acids encoding a subunit of the cytochrome
bc) complex.

From the pairwise comparison of nucleotides, maximum nucleotide difference
among the cytochrome b genes was 138 bp (12.1%) in C. herzi, 106 bp (9.3%) in
C. kawamebari, 61 bp (5.3%) in S. schezeri, and 4 bp (0.4%) in Siniperca chuatsi.
These genetic differences may be a causative factor for some morphological
polymorphisms between populations or strains of C. herzi and S. schezeri. C. herzi
seemed to be influenced in its number of dorsal fin spines, dorsal fin rays, pectral
fin spines, anal fin rays and caudal fin rays, while S. schezeri appeared to be
affected in its number of dorsal fin spines and gill rakers.

With 126 individuals of sinipercid fishes and 6 outgroup species, phylogenetic trees
were constructed based on the distance-based method. As a result, the monophyly
was inferred in the genus Coreoperca, and in the genus Siniperca as well.
However, sinipercid fishes appeared to be not monophyletic group due to
phylogenetic position of Niphon spinosus. Although N. spinosus was a sister taxon
to the genus Siniperca, their relation was supported by a low bootstrap value

(46%6). Thus, the relationship between N. spinosus and sinipercid fishes need to be



further investigated with more related species.

On the other hand, Korean native species of C. herzi can be divided into three
genetically distinct populations (monophyletic group or clade in phylogenetic tree)
due to the long period of geographical isolation. These three populations were called
as "Han-river strain,” "Nakdong-river strain,” and "Youngsan-river strain.”
According to our results and previous fossil records, we think that the ancestor of
C. herzi began to be genetically separated by Taebak and Sobak Mountain ranges
around the middle of Miocene and was further separated by Noroeng Mountain
range during the late Miocene. Korean and Japanese population of C. kawamebari
began to be isolated each other during the early period of late Miocene. Korean and
Chinese populations of S. schezeri were genetically isolated each other from the
period of late Miocene or early Pliocene. In conclusion, the early invasion of
freshwarer fish to Korean pepnisular occurred much earlier than the ice age of
geological time and the present freshwater fish fauna in Korea is likely to be the

result of multiple invasion events by different taxonomic group of fish.
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5015 (Order Perciformes)e ZFEEE FolA 714 2 EFa5o=2A4, AAAH
o &2 180}E(Suborder), 148¥H(Family), 1,496 (Genus), 9,293% (Species)©] 33} o]
U 3L(Nelson, 1994), = el Fxate= Faol= 939 42F ] Hirxo Joh(Kim, 1997).
E3], %olZ % X (Family Centropomidae) olF+ F709 o}y 3%
(Centropomus, Lates 2 Psammoperca), & 22F 02 o|Fojx a1 Ut} o] ofF= &
Fof ol AMAste A, AEF 2 S ofzElgte] wego] gt A A
2 (Coreoperca)® &7}2]%:(Siniperca) 3=, T, 41 5 olxJole] oo EX
3 centropomid Al EZ3A 7] 9l o (Nelson, 1994), Roberts (1993)& o]& 271
%S Family Sinipercidae®] 23 AlZAt}h WA Coreoperca ¢+ Siniperca®] w5384
AA = oz HEHOF & HAolty o]F £ (Genus) 7kt ZAFol= AA(C
herzi)$} AA7(C. kawamebari) ¥ &, 183 278 EoE= 278(S. scherzeri) 3
Fto]l o] B X} Chyung, 1977). T=ol= AR S ofF oA £33 &7 E
o]F thAl Fo] B ¥x3}31(Cheng and Zheng, 1987), YR o= A X &< A A7) 3 vt
o] Zxgtt(Masuda et al, 1984). AR = st SAFOZA Y5 AoA AF5A7HA
FEvete] oel Fod AAst AA7]e SElvete] gx17%, AA=(Hwang and
Choi, 1995) #3+ ofuet Aol 74, T4k 9 Ak e, F79 AFA 4R
5 o7l sl Exste] 569 AFsE oz A A AtHChyung, 1977; Jeon,
1986).

Sinipercid o] #3 AFE= A AX 9 @A 2 27| EAHHan et al,
1988), AA¢] FTHAAHHan et al, 1999), &3 ZAXe] AL AF(Gye et al,
1997), stk AA 719 AbeksAd 2 271 AHHan et al, 2000), 22718l x7] A&
Abell B3 A (Lee et al, 1988) So] o AEEFAH AFoiE= RAPDE £33
B2 (Park, 2001), A33}8F2] "W (Toshio and Jeon, 1996) 2 cytochrome b A= <
71 LS o] &3 H2(Shirai, 2003) 5°] Hixa itk

53], AdEweta Aol doA, AleEAA 71de] tEXR oAl 7|HEet A
Aol A MasHA F2U 750l FAEIA = 42E 23 convergent evolution) 2]

8 4
3 gusHoR g R B olgol Ark 13 el IS Bi
3 =

al., 2001).
Mitochondrial DNA= 3 #3729} v SdE Az
& frdatel e diiAor wE SR X



Az Azgo]l dojux] 7] Wil AleE w3 AFtel B2 olHES 7HA L Tt o
213t mitochondrial DNAX 16-17kb = 7] Z(Inoue et al., 2001) 3 DNAXT} Zta o
T3 o™ mitochondrial DNA W€ cytochome b (Song et al, 1998), rRNA
(Apostolidis et al., 2001), control region (Alarcéon et al., 2004) 5 AE EFsH4 &
A2 AMEE L 9tk 53] cytochrome b¥ E& #HF5 &9 mitochondrial DNAU €]
RNA®9} (RNA™ Apolo] EA1sln] 71 w3 nEA Gqd3} wolgddg FA
Hfsta Qs Bk ofyet HFFEoA 7Hd s A dE A o], AR d71A
e o] &e AFNsA Ao s o] &Eal Atk(Song et al, 1998; Johns
and Avise, 1993).
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Az R EH

1. NE

Aol AFEH AXA|(Coreoperca herzi)= A71% TH(ZTH), A% & Az
Y FAEIAD), ste(dad);, sAHYE s EA);, AAEE HS(EHA), B
T (&G A), ), FRAGEEHA), A AAEE A (BEA), EEESA); 24k
FAA ST A A s
2 7v8)(Siniperca scherzeri)™ $-@lyete] A7 % 37(JA), sHEE THED),
?ﬂﬂ]r"“: IR, BEAEE v, BAEE oA AZetda, s A A
ol 45 AFeo TES AL A Y. Siniperca chuatsi= 37 Wlo] oA 3 FEH
< *P%E}ﬂ‘jr.

A A 71 (Coreopeca kawamebari)= Hetd®= ©AA AR L& AA 7]}
Coreoperca whiteheadi= GenBank®| dataS A}F&3F3tt. Outgroupl = AMEH
Niphon spinosus®} Epinephelus awoara= AFE=dA AR eG oW Lateolabrax
japonicus, Beryx splendens, Centropomus—undecimalis 2 Malakichthys wakiyae=
GenBank®] sequence datas Al-&3Fth o5 ALEAl 59 AHA+= Fig. 19 18]a
AFEvhe] =9} GenBank Accession No. 183l &2 Table 1] eI

2. Total DNA #Z&

25-50 mge 3k 71A EFFFHoly A1y u|ZHE QIAamp DNA Mini Kit
(QIAGEN Inc.)& ©]&3lo] total DNA AE5 FE33th DNA® F%+ 23357
(Hehios B, Unican Ltd. UK)E o] &3} 260 nmolA T3 =E SHsle] A5,
DNAS X E3F=AA 260 nmet 280 nmol A2 §3=5 FAHTFo =R &9l
E=



Fig. 1. Sampling sites of sinipercid fishes. Numbers refer to species shown in Tablel.

Outgroups are not shown on the map.



Table 1. Species, sampling locality and number of sinipercid fishes to be examined

Abbreviated No. of GenBank

Species species name Sampling locality Individuals  accession No. Map
Coreoperca herzi Hongcheon, Korea 8 1
Coreoperca herzi Keumsan, Korea 13 2
Coreoperca herzi Yangyang, Korea 6 3
Coreoperca herzi Gokseong, Korea 4 4
Coreoperca herzi Hwasun, Korea 6 5
Coreoperca herzi C_her Uljin, Korea 2 6
Coreoperca herzi Cheongsong, Korea 32 7
Coreoperca herzi Gunwi, Korea 3 8
Coreoperca herzi Gunmi, Korea 1 19
Coreoperca herzi Seongju, Korea 5 9
Coreoperca herzi Sancheong, Korea 10 10
Coreoperca herzi Miryang, Korea 6 11
Coreoperca herzi Ulju, Korea 6 12
Coreoperca kawamebari Tamijin, Korea 6 13
Coreoperca kawamebari C_kaw Jangheung, Korea 1 AB108487 14
Coreoperca kawamebari Fukuoka, Japan 1 AB108486 15
Coreoperca whiteheadi C_whi Guangxi, China 1 AB108488 16
Siniperca scherzeri Paju, Korea 1 17
Siniperca scherzeri Keumsan, Korea 1 2
Siniperca scherzeri Jeonju, Korea 1 AB108490 18
Siniperca scherzeri S_sch Goksenong, Korea 1 4
Siniperca scherzeri Sancheong, Korea 4 10
Siniperca scherzeri Gumi, Korea 1 19
Siniperca scherzeri Dandung, China 2 20
Siniperca scherzeri Cheongdo, China 3 21
Siniperca chuatsi S_chu Beijing, China 2 22
Siniperca chuatsi Guangdong, China 1 AF475158 23
Lateolabrax japonicus* L_jap Kyushu, Japan 1 AB108492
Niphon spinosus™ N_spi Jeju, Korea 1
Epinephelus awoara* E_awo Jeju, Korea 1
Beryx splendens* B_spl Fukuoka, Japan 1 AB108491
Centropomus undecimalis*  C_und 1 AF240739
Malakichthys wakiyae* M_wak Nagasaki, Japan 1 AB108495

* indicates outgroup species.



3. PCR %

Cytochrome b f+d=}e] FWHIE {RNA Ao 7|Zxste] AA ¢ &7bglE forward
primer (Glu-F1, 5-CCA CCG TTG T(T/C)(G/A) TTC AAC TAC-3")¢ reverse
primer (Thr-R1, 5'-CCG (G/A)X(T/C)T TAC AAG A(T/C)(T/C) GGC GTT C-3)&
o] &3t AA7|= forward primer (Glu-F, 5-CTT GT(A/T/C) (A/G)TT CAA
CTA CAA (A/GAA-3)¢ reverse primer (Pro-R, 5'-TAG AAT (C/T)XC/T)T
(A/G)GC TTT GGG AG-3")E o]&3l9 PCR (Polymerase Chain Reaction)S &3l
AA cytochrome b FAAS S22t}

PCR ¥F32 2k 0.1-0.3 pg2 genomic DNA 5 wf, 10 mM2 Z+Zt9] primer (forward
primer, reverse primer) 5 wf, 10x reaction buffer (Takara Co.) 5 wl, 25 mM<e] Z+2z}
9] dNTP (Takara Co.) 5 0% 1-2 unit® Ex Tag polymerase (Takara Co.)E& <9
£ o]&3sle] HZF volume©| 50 w7} F =S 3 T PCR WHg-A| WHg&E9 F q}
71918 1-2 W29 mineral oil& #7}8t4, Programmable Themo Controller
(RTC-100, MJ Research Inc.)olA ¥F-gAJZ k. PCR WHe-+7]= &% denaturing step

ur o
= =2

ol A 94Tl A 23 &<t 13] HEgA| 7141, o]ojA WHEF7| 24 94T oA 45%, primer
annealingS 9&l 43T A 1%, primer extensione 93t 72TColA 18 30%% =
3038 9] HHEFEV S FAa, HEHOZ 2CA 7H 5o ulA 2} extensiong A A

St} 1x TAE bufferoll 0.5 pg/ml ethidium bromide’} #7Fe 0.8% agarose (Agarose
LE, Promega Co.) geldl PCR 5% 4F&3¥ 1-Kb DNA ladder (Takara Co.)& &A°l

loading3le] WA= A7) & vlwst & §HAXE st ).

4. PCR AHE ¢ Cloning

PCR %t=9] clonings 13 =59 W =2ZA 24z dixde] XLl-blue 59}
pBluescript II SK(-) (Stratagene Co.)& AF-&3F3]
37CAA 2A1F &3 At Hincdlg o83t 25 uge pBluescript I SK(-) ¥H
= Hd3 3o, High Pure PCR Product Purification Kit (Roche Molecular
Biochemicals Co.)& o]&3to] Al xAL] Wl wel WM& A A skt
A A s ME] = agarose gel AoA 1 TEE =AH3 o ligatione Hincll=Z At
A 1 09 pBluescript I SK(-) #E, 3 w02 insert DNA, 1 x0¢] 10x ligation buffer
¢} 1 unit®] T4 DNA ligase (Takara Co)& Hil ZFF THTE AMEstel AT
volume 10 w7} H =2 3 Fo] 16TolA 18417 ot wr$ A Zth Ligation® AHE&



XL1-blue competent cell¥} &7 M Z-F eppendorf tubecl] EojA 42TCeolA 18 30x%
%<t heat shocks 713 ol 3F-&5Z0)A] 37C, 308 =<t 1 &3-S wjdstgrt.

HAASS cell& 50mg/m¢ ampicillin, 2% X-gal®} 1M IPTG7} 3% LB
(Luria-Bertani) plateol] Z=3}e] 37ColA 16A17F v &stdth. v x4 323 white
colonyE AW¥3le] ampicilline] £+ LB broth Bl A4 (37C) &-nuk>

incubator)E ©o]-&3Fo] 16A1%F #j¥d ¥ Standard Mini Plasmid Isolation Kit (Mo
Bio Inc.)E ©]&3}o] plasmid DNAES #2351

| (shaking

Plasmid DNAZ 0.8% agarose gel°l loadmgO}oi cloning?} @& 3ko] HJFHo=z
o] Fo MRS geldty] YslA AF &4 PstId xholS AFEEte] Ao & o Ab=7)

of insert #¥E HsH.

5. 9714<¥E 2A 2 28 Y

g Ao A Z3 plasmid DNAE Al 59 sequencing= ¢33 vl = A9
g ste] AAEATt ANAAGARA T3¢ T7 primers Algstgom, ol& =3 o
5+ DNAssist (version 2.2) Z213S o]&3to] thF A&
%A, A Z W] 1 (pairwise comparisons)E A%k 971%8 %4 codon usage ¥ 2
RA - AT 5 AR ZFol= MEGA 3.0 (Kumar et al, 2004) 2o g AXrE

7} codon 9] X9l A Kimura 2-parameter &2 AAFE distanceo] ™3t transition W
0] ¢} transversion ¥ o]FE plotting3 . Z M E 3% (level of saturation)S FA 3P L
o B4 EE codon #Al AoIA 9 transition¥} transversions ©]-83}o] o] Fo
Aok AEFE distance WH 22 neighbor joining treeE #AA 3G o™, MEGA 3.0
(Kumar et al., 2004) Z 2185 o] &3t}

6. BB A

Sinipercid ©1#¢l ZAA| ¢k &7t o] FEFdS Lolry| & A+-FAES FHsA
o AFFARE 5, 7hE, W, SA =] 3 EFJZ]LHU]Q] Sz dxg g
M5 AFsdoey, 3342 /MAE autoclave A7l & A=A ch T3 &7
o] A& AL verier calipergE ©|&3stel 1 m7kA FALEIITH FEFE A=

Hubbs and Lagler (1964) % Nakabo (1993)¢] ®H< whsith.



1. Cytochrome b F A A 714, +4 HAA €L @7 A3

mitochonidrial
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Sinipercid o179 EAAETEH B4 ¢4
DNA W 9] cytochrome b F+32 AA d714E& &t
O Ay ZAE o]lE mEFE=g ol DNAY FEH 44
A =490 t(RNA™ - Cyth - t(RNA™ - (RNA™ ¢} & 33it.
Mitochondrial cytochrome b 229 A7 Lol doJA codon usagest 47| ZA I
WA= Table 294 Table 30 YW ATE 2AF A3 HA 4 o2 v& G(Guanine) 97
Z4(15.3%)% A9 #d3d U™ A T(Thymine), C(Cytosine) & A(Adenine)e] 471%
(T 288%, C: 32.0%, A: 24.0%)S HojFi Aty 281 Aw7kA AT (Meyer,
1993; Song et al.,, 1998; Allegrucci et al., 1999)F o] FolA 3= codonel A WA $X
o A e drlzAdo]l Kol WA codond T WAL Al HA YA AAELS THE
A7) 5o W G GrIERAol AUFor de e HAtH(first: 265%, second:
13.5%, third: 5.8%). 3t codon®e] 3 WA x| A Alitd HAF= F HA} Al HA
AANAe] AxFRTE 2Fgr o (all: 0.143, first: 0.043, second: 0.221, third: 0.299), ©]
3 A percid o] FEoN X Ha(all: 0.139, first: 0.045, second; 0.217, third: 0.227;
Song et al, 1998)¢} A= FAFsEA T Codon®] F+ HA fx]o] TH7|=dH A H
A A Ca7IEEe]l e d7IERY 2 #s YEHATHT: 40.4%, C: 43.1%).

Table 4= FAE Z4A 9 d7lx2AS Wetddoh dA A71x24S FAEE v s
o FA(T: 285%, C: 325%)¢F A%, &

H SR s 2eekeE G- A 2, T
v, 9], A AF, 2, 25 oo Eshe 9e A AT 285%, C 324%)= &
A, w4 2 FFSE Edheke A - 54 FA(T: 305%, C: 30.3%)° M8 ofzk thE
d7124e B A AAEE Hud g 58], Al HA A= A H oA Gt - A
A FA(T: 21.2,%, Co 44.4%)9F S5 A(T: 21.3%, C44.2)= &4 - =7 sA(T:
26.4%, C: 35.3%)°l Hlall ZA t& d71x24S BT o] 49 AL FF2 534
BRAGNA o] FE Ao ® Hil(Jeon, 1980; 1986)% L o), 4 - 7 FAlo E3F
AR AGE AA 7Y AVl Aoz FAREI oW Al HA s2E /Al
o &l G 158%)= 429 FFO7HG: 149%) Bt ot =2 GHEFS Bivt

Aqd &7tele] fdrlEde A e T B¢ Tﬂl‘%ﬂ}(%.?/o)ﬂ e (28.0%)
I AE@81%)l Hla W2 ge YERIAT C, A G FEE dAlHer Aolrh e

o
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Table 5% transition¥} transversion Wo]E UeEH Ao zH 3 HA ZE Y F A
9] transversiono] ™3 transition®] H|& & 24%, F WA ZE oAM= 51%, Al

WA FZE A E 62%7F UER e AAA R Wi 22%5 YERETh whEkA
A HA} F HA ZEo X} A HA FZE XA transition¥} transversion
o] Wol Bgomw A WHA ZE XA transversion® T} transition®] o] Lot

A glol 3+ 4= 9t}

KeX
A= T uw AN AR



Table 2. Codon usage observed in the cytochrome b gene of sinipercid fishes

UUU(F) 8.0(0.54) UCU(S) 4.3(1.04) UAU(Y) 5.2(0.74) UGU(C) 1.5(1.03)
UUC(F) 21.5(1.46) UCC(S) 8.1(1.97) UAC(Y) 8.8(1.26) UGC(C) 1.5(0.97)
UUA(L) 7.8(0.74) UCA(S) 10.4(2.54) UAA(*) 0.0(0.00) UGAW) 11.2(1.73)
UUG(L) 0.3(0.03) UCG(S) 0.3(0.08) UAG(*) 0.0(0.00) UGG(W) 1.8(0.27)

CUU(L) 15.6(1.49) CCU(P) 5.5(1.04) CAU(H) 4.9(0.82) CGU(R) 0.4(0.18)
CUC(L) 18.9(1.81) CCC(P) 12.0(2.29) CAC(H) 7.1(1.18) CGC(R) 2.2(1.12)
CUA(L) 15.8(1.51) CCA(P) 3.2(0.60) CAA(Q) 4.6(1.53) CGA(R) 4.7(2.32)
CUG(L) 4.2(041) CCG(P) 0.4(0.08) CAG(Q) 1.4(0.47) CGG(R) 0.8(0.38)

AUU(I) 12.5(0.85) ACU(T) 5.4(1.01) AAU(N) 3.6(0.40) AGU(S) 0.2(0.05)
AUC(l) 17.0(1.15) ACC(T) 7.6(1.43) AAC(N) 14.4(1.60) AGC(S) 1.3(0.32)
AUAM) 4.4(1.18) ACA(T) 7.8(1.46) AAA(K) 8.5(1.88) AGA(*) 0.0(0.00)
AUG(M) 3.1(0.82) ACG(T) 0.6(0.11) AAG(K) 0.5(0.12) (*)  0.0(0.00)

GUU(V) 5.7(0.93) GCU(A) 3.7(043) GAU(D) 3.3(0.61) GGU(G) 3.5(0.54)
GUC(V) 9.0(1.48) GCC(A) 16.4(1.93) GAC(D) 7.7(1.39) GGC(G) 10.4(1.61)
GUA(V) 7.8(1.28) GCA(A) 8(1 51) GAA(E) 4.4(1.53) GGA(G) 7.8(1.21)
GUG(V) 1.9(0.31) GCG(A) 1.1(0.13) GAG(E) 1.4(0.47) GGG(G) 4.1(0.64)

The number indicates the frequency in which the codons are used.
All frequencies are average over all sinipercid taxa. The termination codons were

indicated by asterisks and the value in parathesis indicates the bias.
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Table 3. Base composition observed in the mitochondrial cytochrome b gene of
sinipercid fishes and outgroup
Codon composition
All 1st 2nd 3rd
Species Location
T [} A G T C1 A1 G1 T2 C2 A2 G2 T3 C3 A3 G3
Hongcheon 30.5 30.3 244 149 246 26.6 231 257 404 26.2 20.0 134 26.5 38.2 2938 55
Keumsan 30.5 302 243 149 247 26.5 231 257 40.5 261 20.0 135 26.5 38.3 297 55
Yangyang 30.4 304 243 149 247 265 231 257 40.5 261 20.0 134 26.1 38.7 29.7 55
Gokseong 29.2 317 241 150 242 267 228 264 40.3 263 199 135 23.0 423 295 5.2
Hwasun 285 325 241 149 240 268 226 267 40.3 26.3 200 134 212 444 299 4.5
C her Uljin 28.6 323 238 153 239 268 226 26.8 40.3 263 20.0 134 216 439 287 5.8
h Cheongsong 28.6 324 237 154 239 268 226 26.8 40.3 263 20.0 134 215 440 285 59
Gumi 284 326 237 153 236 270 226 268 40.0 266 20.0 134 216 442 284 58
Gunwi 282 327 236 156 239 268 227 267 403 263 200 134 204 450. 280 66
Seongju 28.2 327 236 155 238 269 226 268 40.2 264 201 134 20.8 448 28.0 6.4
Sancheong 28.5 324 238 153 239 268 226 26.7 40.2 264 19.7 137 21.3 442 2838 57
Miryang 28.3 327 236 155 239 268 226 26.8 40.3 263 20.0 135 20.7 449 282 6.3
Ulju 286 323 238 153 239 267 226 268 40.2 264 200 135 216 439 287 538
Tamjin 294 320 23.0 1538 231 276 226 268 40.0 26.6 200 135 249 417 263 71
C_kaw Jangheung 29.3 320 230 158 231 276 226 26.8 40.0 266 20.0 134 247 418 26.3 71
Fukuoka 29.7 320 234 149 239 270 226 265 40.3 263 20.0 134 25.0 426 276 47
C_whi Guangxi 28.2 331 238 1438 241 268 226 265 411 258 200 13.2 19.5 46.8 289 4.7
Paju 27.7 323 246 154 247 257 228 26.8 411 255 197 137 174 455 313 5.8
Keumsan 27.7 323 246 154 247 257 228 26.8 411 255 197 137 174 455 313 5.8
Jeonju 277 323 246 154 247 257 228 268 411 255 197 137 174 455 313 58
S sch Gokseong 27.6 323 247 154 247 255 231 26.8 40.8 258 19.7 137 174 455 313 5.8
Sanchung 27.6 323 246 155 246 257 228 269 411 255 197 138 17.2 458 313 5.8
Gumi 27.6 323 246 154 247 257 228 26.8 40.8 258 19.7 137 174 455 313 5.8
Dandung 28.0 320 246 155 251 254 230 267 40.7 258 199 137 18.3 449 30.8 6.1
Chungdo 28.1 320 245 154 249 255 231 265 41.0 256 196 138 18.3 449 308 6.1
Beijing 28.4 309 262 145 249 255 236 26.0 413 253 19.7 137 189 421 352 3.8
S-ehu Guangdong 28.3 309 26.1 147 249 255 236 26.0 413 253 195 139 18.7 418 353 4.2
Submean 289 319 240 152 241 266 228 265 404 262 199 135 221 430 292 57
L_jap Kyushu 28.0 324 234 161 226 278 234 262 411 255 197 137 205 439 2741 8.4
N_spi Jeju 284 322 236 159 231 268 231 270 405 258 19.7 139 216 439 279 6.6
E_awo Jeju 29.9 304 238 159 241 268 228 26.2 40.3 261 20.0 137 25.3 384 287 7.6
B_spi Fukuoka 25.9 334 261 145 226 268 244 26.2 40.0 26.8 195 137 15.3 46.6 345 3.7
C_und 249 350 259 143 223 297 228 252 424 232 208 137 10.0 521 339 39
M_wak Nagasaki 27.3 333 241 152 236 273 234 257 405 258 200 137 179 46.8 289 6.3
Submean 27.4 328 245 153 231 275 233 261 40.8 255 202 137 184 453 30.2 6.1
Mean 288 320 240 153 241 267 228 265 404 262 199 135 218 431 292 58
Bias* 0.143 0.043 0.221 0.299

The frequencies are shown as percentage. *: Bias in

(2/3) 34 1Gi - 0251 , where C is the compositional bias and Ci is the frequency of the

ith base.
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base composition is calculated as C =
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Table 5. Observed numbers of the 10 pairs of nucleotides between mitochondrial

cytochrome b DNA sequences of sinipercid fishes

Transitionsal

Transversional

Codon Identical pairs Pairs Pairs
position .

TT CC AA GG Total TC AG Total TA TG CA CG Total R
First 88 98 84 98 367 6 6 11 0 0 2 2.4
Second 153 98 75 51 377 2 1 2 0 0 0 5.1
Third 51 127 91 11 280 53 16 68 16 4 31 6.5
All 292 324 250 159 1025 61 22 82 17 5 34 2.2

All frequencies are averages (rounded) over all taxa.

R” indicates the ratio of the number of transitions to the number of transversions.
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2. 71489 Zs}

Ao AFgE 115 13279 cytochrome b FHAAEL2 596749 conserved site}
54578 9] variable siteE o] Folz 1141 bpe nucleotideEE A EH A Th Variable

sites 5 41070 9] parsimony informative siteE ¥ 331 YT}
Cytochrome b FHAAEZRE FAHE+= ‘?joﬂ AFE L 3307119 olm|xAlo w7 o] F o
A on o] FHAESY HAL ATG /MAZESE A AEo] TAAY stop codonl

2 #4520 vHdata not shown). HH Zﬁ% 93 transcriptional processing 3}
polyadenylation =@ (Anderson et al., 1981)o] A3k o]g]3t 714 & o5 cytochrome

FAAES] ARl U 52 AGE E4H, ol HAS M9 H polyadenylation
el o5ty FAFE(UAA 52 AGA)LE 7HEHE Aoz 34
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3. N9 Z+ A == AAF 79 G971 L variable site }O]

B Aol AMgE o9 cytochrome b A= 1141 bpo 2 FA NS 1 F
54570¢] variable site’} EAEIATE AW ZF A = fAEIRe] UM E G
variable site 2to]& AR oW 1 A= Table 67 Table 79 WERY LT
THAA 81 9] variable sitex= 10 bpel™ 2z} 7HAI7Ee] 971D AFol= HA 0 bpell
Al Ao 7 bpZhA WERSETE S4E4 A 139 9] variable site= 14 bpelw Z}F A7)
G721 L zol= HA 0 bpellA H 6 bp7hA UEFTH FEFEA A 4v] o] @7IA DS
zpo]7F v A] erokth. A A 41] 9] variable site™ 7 bpel® Zb A7kl 9 7]A
A ztole= FHA 1 bpellA W 5 bp7hAl YERS T AR 67 9] variable sitew 8
bpolw 2z} 7RAIZEe] 71X D Aol= HA 0 bpol A ol 5 bp7hAl WEbstth &317
A 219 A7 E Zol= YERYA] &Y HE5AX] 320 2] variable sitet™ 36 bp©l
o ZF RAIZEe] 471D 2ol HA 0 bpolld AW 12 bpZhA YERTH 9 A A
31 9] variable sitex= 2 bpol™ 2z} JAzHe] AV LE Aol= HA 104 W 2 bprt
A yebykth, AF24 %] 51]9] variable sitet® 19 bpol™ zF /jAzEe] A7 Zol=
HA 14 16 bp7tA WERSE A A 2] 107 9] variable site= 22 bpel™ Z+ 7l
Azke] zpol= HA 0 bpollA Hd 16 bpZkA WERSTE E YA A 61 ] variable site
= 17 bpelw Z+ /MAzEe] @7IM D ztel= #HA 0 bpelld Hd 14 bp7kAl vrEFR T
57247 649 variable site= 10 bpel™ ZF /AT GV E Aol HA 0A
Hi 5 bpZhAl dUERTH SR AX S} S4AA a8 al AR F 2519 variable
sitex= 23 bpelal zkzke] JfAAtolell FHA 0 bpellA HWl 7 bpZhAl A7IME Aol E
Bt o5 Al Ao z A drIDAtel= b Al vERd FiAIZR
@71 D Aol Aol FAFeAl UERET AR e A A F 109 9] variable
sitex= 20 bpolw Zhzhe] JRA|Akelel HA 7 bpollAd Hl 12 bp7hA @714 E Aol &
Bt 24, sheoz o]Folx AT AVIAE Aol= o5 ZF A HelA LrERG
MAZEe] A71A D Apolo] At AT &X1AA], AEAA], FuAA], 972 A],
AFAR, A AR DFAA 2B EFA2] F 6512 variable sitei= 68 bpeol™ Z+ 7l
Azrel HA 0 bpollA H 17 bp7hAl 714D zol& Blow ol Hsd FAE
o] FiL Q= A A AVIME Aol ZF A He] yERG A7 E Zolo] A
o fARSHA vEbgth 9, ZF FAE NIRRT QUG AS sHAAAL 54
| 28 FFAAE et 2FH ARG X E £t AFS H
g Axp A HAa 127 bpell Al Hol 138 bp A71ME ZolE BATh FHAA 9}
BAA aela FEAAE et 2w 2X1AA, AFAA, A, L9 AA,
FAA, MAHAA, FAA 2 SFAAE Lsts 2FE vud Ay AT F
127 bpoll A H o 134 bp7hAl A71ME el & detsth 42478 seA4AE *

N
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e Azt QAT Ha 79 bpoll A 89 bp7hr] A 7IA

T3, AN FAAANE e aFeR, 34
2 ymA A9E e dhve] agow FE o ATk
A

ol HA 0 bpolAl Hdl 6 bpZkA] YERETE f-vetel ditel] A Astal = 2 A
71 vlagk A3 7} JfAe] 97| E Aol HA 102 bpell A Hdl 106 bp7hAl YE
Won variable site®= 110 bp3d

Lguete] MASa Q= Siniperca scherzerit /3¢ 1] 2718 E A Y3k 9k
wAh AT E Ak 17 G471 E Zols Holx| ekgton AR T 2= Aehx
ALY AgE FRIMEEA I 32k AF 3 AR A A¥E 2vte et vlus
A3 3 bpd A7IAE AolE YEHHAT 53], A 27be] e vlug A3 7 bpol ¢
7I1ME Zolg HAd. fElvele] &7kg 9vE BA S dA FHA F variable site
= 9 bp7t #FEHAoW F=ol AmAWY wEA el AM2Astil Q= Siniperca
scherzeri®] zt 7§A|Zte] Apol= 242y FHW 4 bpel AVIME AolE B T A7}
2] 57]oll A 7 bpel variable siteg #HF & F ATk FElyE et F4F 27 E ]
W EH ZF JRAZEe] Aol AUl 61 bprb YER o™ AA FHA F 68 bpe
variable site7} ##E AT 27t & & F< Siniperca chuatsi 3715 wAg A
I JRAIZE Hd 4 bpel F7IAE Aol7b yEREow A9l AYIAE zol= A
ZHE A eFskeh &vte] Suo] Sy T AR AVIAE Aol wig- AA FH
) 209 bp7} vrEbsko ] A A 259 bpel variation site’} =48t
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Table 6. The number of maximum nucleotide differences and wvariable sites

among the cytochrome b DNA sequences of sinipercid fishes

Species Maxm&lijfrfgrgrl:gleeotlde Variable site R’
Coreoperca herzi 138 242 12.1
Coreoperca kawamebari 106 110 9.3
Siniperca scherzeri 61 68 5.3
Siniperca chuatsi 4 4 0.4

R" indicates percentage ratio of maximum nucleotide difference to total number of

nucleotide cytochrome b gene.
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= sk AlETA EAA LR/E oA de FUINEY 23 oJF
S FQlsty] Yoty BRE ZeEd 74 ZES e R x3E 248 A A8 oh(Fig.
2,3). 1 Ay BEXE z= 9F EHl;j—v‘i—oﬂfﬂ transition(TS)©] transversion(TV) E.t}
Wl ZAEom 3 HA ZEHR F oA ZE YAAAY transition?} trans-

versionE< Kimura 2-parameter’} =7}stol] wlgl 7ol Moz Aol xwk A H
5‘H = $IA A transition®] EstEYS #HFE T 5 JJoh 1YY BE ZE YA

dez g EAAN A WA ZE fAAA Y EstEdS A EolA Kimura
2- parameter7} 7l wel TS+TVE Ao Ay ow A u o] EoddS #2HA

ket
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No. of mutation

TS
50 [ oTV
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No. of mutation
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Kimura 2—parameter
Fig. 2. Relationships between the observed mutations, transition (TS) and transversion

(TV), and Kimura 2-parameter observed either at all codon positions (A) or at first

codon positions (B).
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Fig. 3. Relationships between the observed mutations, transition (TS) and transversion

(TV), and Kimura 2-parameter observed either at second codon positions (A) or at third

codon positions (B).

_22_



J
=

o1
i)
oft
AL

v

A %= (Phylogenetic tree)= 7 & (distance)ol] <73 W oz ZAAHHAY. L3E
ARE AEDAL F2d oA LFE of7|AZ F Yo rZ(Meyer, 1993), AEHE
FoA EAAl 2 @4 (EY nucleotide F-HoA =AW tF A )ES | stof
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Fig. 4. Neighbor joining tree based on cytochrome b DNA sequences obtained
126 individuals of sinipercid fishes and 6 outgroup species.
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Table 8. Measurement of meristic characters observed in Coreoperca herzi

River-System Han & Gyem Young§?n & Nakdong
Characters Sumjin
Number of specimen 20 10 30
Dorsal fin spines 14-15(14) 13 12-14(13)
Dorsal fin rays 11-13(12) 13 11-14(13)
Pectral fin rays 12-13(13) 12-14(13) 12-15(14)
Ventral fin spines 1 1 1
Ventral fin rays 5 5 5
Anal fin spines 3 3 3
Anal fin rays 8-9(8) 9 7-10(9)
Caudal fin rays 17-19(17) 16-18(17) 17-18(18)
Gill rakers 7 7 7
Scales above lateral line 17-19 16-22 15-17
Scales below lateral line 25-33 25-35 24-31
Pored scales on lateral line 56-72 65-72 63-74
Vertebrae 30-32(31) 30-32(31) 30-32(31)
The value in parenthesis indicates the mean.
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Table 9. Measurement of meristic characters observed in Siniperca scherzeri

Population

Korea Dandong Cheongdo
Characters
Number of specimen 5 4 6
Dorsal fin spines 12-13(13) 12 12
Dorsal fin rays 12-13(13) 12-13(13) 12-14(13)
Pectral fin rays 14-16(15) 14-15(15) 14-15(15)
Ventral fin spines 1 1 1
Ventral fin rays 5 5 5
Anal fin spines 3 3 3
Anal fin rays 8-9(9) 9 9
Caudal fin rays 17-18 17-18 17-18
Gill rakers 4-6(6) 4-5 4-5
Scales above lateral line 22-26 25-28 22-27
Scales below lateral line 50-62 72-78 50-62
Pored scales on lateral line 112-117 117-123 113-123
Vertebrae 27 28 28

The value in parenthesis indicates the mean.
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Table 10. The percentage proportion of estimated metrical characters to either
total length (TL) or head length (HL) of Siniperca scherzeri

Population
Korea Dandong Cheongdo

Characters
Total length(cm) 17.9-28.2 24.6-31.4 20.9-24.6
Against total length
Standard length 81.61+0.9 81.8+21 82.2+1.4
Caudal fin length 19.841.2 19.5+0.7 16.2+3.7
Head length 30.8+1.2 32.3t1.4 31.611.2
Preanal length 58.7+2.2 59.6£2.8 59.9+2.8
Body depth 21.8+1.5 24.4+2.4  24.0+1.7
Length of origin of dorsal fin 29.610.4 30.6£1.5 29.7+1.5
Dorsal fin length 42.0£1.5 422416 44.111.2
Anal fin length 13.91+1.0 16.24¢3.3 16.3t1.5
Caudal peduncle depth 8.310.7 9.110.4 9.11£0.3
Snout length 9.41£1.3 9.0£1.0 8.8£1.0
Eye diameter 5.4+1.2 5.6x0.4 5.5+0.3
Longest dorsal spine height 7.3+1.7 6.1+£0.8 6.910.6
Pectoral fin length 13.71£0.2 14111 13.1£1.7
Vectral fin length 13.9+0.7 14.5t1.4 15.2+1.2
Logest anal spine height 8.51£1.0 9.1+£0.9 9.0+1.7
Caudal peduncle length 10.0£1.8 10.2+1.2 8.6%1.3
Upper jaw 13.2+0.7 14.9+0.8 15.4+0.7
Interorbital width 5.9+0.7 7.0+1.4 6.5+0.8
Against head length
Snout length 30.6+4 .4 27.8+21 27.7+2.9
Eye diameter 17.543.5 17.4+1.4 17.4+1.1
Upper jaw 43.012.7 46.1+3.1 48.7+1.2
Interorbital width 19.0+1.6 21.7¥4.2 20.7+2.3
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A5t Qo™ (Kim, 1997) ©o]& Ego]Fddd &3] Mori (1936)= A4, Amur
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