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Origin of the Korean Mandarin Fish, Siniperca scherzeri and Its Molecular Phylogenetic Relationships
to Other Siniperca Fishes by Maeng Jin Kim and Choon Bok Song'* (National Fisheries Research and Development
Institute, Busan 619-902, Korea; 'College of Ocean Sciences, Jeju National University, Jeju City 690-756, Korea)

ABSTRACT

To explain the origin of the Korean mandarin fish (Siniperca scherzeri), phylogenetic

relationships and DNA polymorphism among Siniperca fishes have been investigated based on mito-
chondrial cytochrome b DNA sequences. As a result, S. roulei were firstly differentiated early in the
evolution of Siniperca fishes and the other six species (S. schezeri, S. undulata, S. fortis, S. obscura,
S. knerii and S. chuatsi) were evolved slightly later. However, the order of species differentiation among
six species was not clear because the nodes of their phylogeny were poorly resolved. The constructed
molecular phylogeny revealed three genetically distinct groups of local populations of S. scherzeri.
The first group (group 1) is the local populations of Korean peninsula and northern China including
Lioaning and Henan. The second one (group 2) is the local populations of Anhui, Fujian and Guangxi.
The third one (group 3) is the local population of Zhejiang. The number of nucleotide differences in base
pairs were 31~43 between group 1 and 2; 37~ 44 between group 2 and 3; 27 ~29 between group 1
and 3; and 1~5 within group 1. Thus, the Korean mandarin fish was likely to be originated from the
northern China local population which was isolated from the middle or southern China local populations
during the Cenozoic Pliocene. Low level of sequence divergence between Korean mandarin fish pop-
ulations and northern China population indicated a recent expansion of distribution ranges from nor-

thern China to Korean peninsula.
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o2 o)g} BAL W77} ol Foldel & Aoz e
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27| F2 FHAEL(EES H, 1996)8 o] 83 24
el olaHgont ATAL 7N 2Rol felahi
H 3 PCR(FHELAHH) S ©| 43 DNA FFo] Uut
3}glol| u}e} mitochondrial DNA -§-A%} 471Ad A5 E o]
238 #9 AF7} 3= 9 o} (Johns and Avise, 1998; Chen
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1. A=

A 27l A7 e 5937, A= o (odE
), FRAEE FAHED, A x T4 AR, AdE=
T (57, AAEE A (AE7H TZH A AR
At olE A F A= 952, %2 9 A2z epd
NA= garte] el F=Al rlejd] AE F7)Ad Fu
 $UA 23} GenBank At8E o] 43191, £7)2]9)
ZAEA S. chuatsie F= W oA T3 2EE o] &
it =& 2719 . chuarsi ©]9)9] 6%2] FrIA G
GenBank A28 o]-83lgc). 281 FH=2E-F-7(outgroup)
A1) Al Family Sinipercidaeel] ¥4 7}7k-$A ingroup
ol &31x] oke B %9 cytochrome b DNA 97159 =}
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Fig. 1. Sampling sites of Siniperca species. Numbers refer to the spe-
cies shown in Table 1.

BE o]t M]EAE %2 (data not shown) o]E
uleto = ule]s} (Family Serranidae)®] ohZu}e] (Niphon
spinosus)2} 3¢5} (Family Moronidae)®] o] (Lateolabrax
Jjaponicus)E FEEFLOE o] 43T o] & REES] A
=49 ARIIAL Fig. 1] ehiglem, A0 ol 7]
g AR Y, /WA 4 2 GenBank Accession No.= Table

16 epige.

2. Total DNA £&, PCR =X 4 sequencing

Total DNA 252 X852 2¥ 25~50mge] 7}, 7|4 &%
22 o1} 2| 1#u) 2 5E] QIAamp DNA Mini Kit (QIAGEN
Inc)& ARg3te] $33%tt. DNAY wxv F343=A
(Helios B, Unican Ltd. UK)S ©])-£-3}e] 260 nmol|A] F34%
& 273 Flsgs

PCR ZZo|A] PCR AF=Z2] #A:= Song ef al.(1998)2)
WYE obth 2Ase] ANSen whEe eots ok
3} 7} Cytochrome b -3 AL FH 2 (RNA A Qe 7|2
3le] A)=H8t 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) (T/C)T TAC AAG A(T/C)(T/C) GGC GTT C-
3)2 o]£&3}e] PCR (Polymerase Chain Reaction)2 %3
A A cytochrome b §HAE ZE sy} PCR ¥H-8-2 <o
0.1~03ug? genomic DNA 1~2uL, 10uM2] Z+7+e] pri-
mer (forward primer, reverse primer) 2 uL, 10 X reaction buf-
fer (Takara Bio Inc., Japan) 5uL, 2.5 mM2] Z+z}e] dNTP
(Takara Bio Inc., Japan) SuL$} 1~2unit9] Ex Taq polyme-
rase (Takara Bio Inc., Japan) & 2445 0]l = vol-
umeo] 50ul7} ¥ =5 39}t PCR ¥kg- A] shg-&9] S
< 7] $3] 1~2 922 mineral 0il8 7)), Program-
mable Themo Controller (RTC-100, MJ Research Inc.)el|A]




shatt wtzlel 718 97
Table 1. Species, sampling locality and number of sinipercine fishes to be examined
Species Sampling locality River system infli\iI\?i' dcjals Accession No. Map
Paju, Korea Imjin River 2 This study 1
Yangpyeong, Korea Han River 2 This study 2
Guemsan, Korea Guem River 1 This study 3
Jeonju, Korea Mankyeong River i AB108490 4
Geokseong, Korea Seomjin River 1 This study 5
Sancheong, Korea Nakdong River 2 This study 6
P Gumi, Korea Nakdong River 1 This study 7
Siniperca scherzeri Imported fish from China 2 This study
Liaoning, China Yalujiang River 1 D(Q789599 8
Henan, China Haihe River 1 D(Q789624 9
Anhui, China Yangtze River 2 DQ789619 12
Zhejiang, China Qiantangjiang River 1 DQ789604 10
Fujian, China Minjiang River 1 DQ789609 11
Guangxi, China Xijiang River 1 DQ789614 13
Siniperca chuatsi Beijing market, China 1 This study 16
P ‘ Guangdong, China 1 AF475158 15
Siniperca knerii Changde, Hunan, China 1 DQ274047 14
Siniperca undulata Lianzhou, Guangdong, China 1 DQ274046 15
Siniperca fortis Lianzhou, Guangdong, China 1 DQ274045 15
Siniperca obscura Cili, Hunan, China 1 DQ274048 14
Siniperca roulei Hunan, China 1 DQ274049 14
*Niphon spinosus Jeju, Korea 1 This study
*Lateolabrax japonicus Kyushu, Japan 1 AB108492
* indicates outgroup species.
uhe-AlF ). PCR ¥F-71% % & denaturing stepol] 4] 94°C o} (mutation)7} doltowm A7)y 23} #A4L BY o

oAl 2% F}l 13 ‘3}—3*]9%‘ olejA] WHEF7| R A 94°C
oJA} 45%, primer annealing$ $}3] 48°CollA] 18, primer
extensions $)3}ed 72°CeolA] 12 304 2 3039 Bl
718 F9a, HFA o2 72°Colla] T8 Eot vlx|7} exten-
siong- AASHAT) P A] 2=E % PCR AR Gel Extrac-
tion Kit (Takara Bio Inc., Japan)& ¢]-&3led AAE 8 &
pBluescript Il SK (—) (Stratagene Co.) #elel] Abslalgdc)
Sequencing ¥Hg~& HEHd Aol 2)=]3}e] AAjslgl o] ABI
PRISM BigDye Terminator Cycle Sequencing Kits (Applied
Biosystems)& ©o|-8-3}o] Peltier Thermal Cycler (PTC-225,
MJ Research Inc.)ol| A} $=a)=gict. o|u] G7|A QAR A
T3¢} T7 primerE A&-3}ich

ol& %8 & A&t DNAssist (version 2.2) ._ni:L%
& o] g3t ‘4 AEsin. @7l 4 AT W =
= A Abole] A} x}o)e] Az n] i (pairwise compari-

sons)x MEGA 5.05 (Tamura et al.,2011) Z2 73 6 2 AA}
=k
AER5 24 A 8 e Gl F o o)Ak B

FE L 4 3l7] wiel 7 codon $13]elA] Kimura 2-
parameter R 2 Zﬂ A}5] distanceo]] i3l transition ¥ o] 2}
transversion ¥l o] 4~Z plotting¥r o 24 xE 3} % (level of sat-
uration) = -’1‘*7‘45]—9313} o|gA FA¥ =3I Fig. 24
velfolel A A 2ESG F oA ZE AHdA
transition®} transversion &1 o]5-& Kimura two-parameter
distance®] Z7)ol) ulet Ao Aoz A A W
A @ZE Ao wansition®] E3}EAE AFFE 4 QA
o 2 2 sEE ddeR 3 ENAG A UA 28
Ao 23> AL e By

w2t AER3 A2 mE codon 91X transitions}
transversion Wo] EFE o]&3le] AAslycl. AlE,E
NIJ (neighbor joining)?} MP (maximum parsimony) ¥ ML
(Maximum-likelihood) W& o] &-3lgit}. NI A EFE
MEGA 5.05 (Tamura et al., 20118 A}8-8tg) 2 MPs} ML
A ¥4 PAUP version 4.0b8 (Swofford, 1998)-& A}-§-8}o]
2FA1 8193 c}. NI Al ¥4 Kimura-two-parameter %1329 &
AHg3ted ML ¥ o] 88 £A42 MODELTEST Version
3.06 (Posada and Crandall, 1998) = 2 7312 Al43le] HA
Abgol 7Rt 23k AsledE Adste] AAlse. 1
T MP 23t 32X Aol heuristic search 32 AF&-3}gr}.




16
A) .
L) o
12 . °
8 -
. e
4 a o o N
2 s . L3 - . - .
g0 . )
§ 0.02 004 0.06
g
5
S 160y
Z
©
120 ’,,.«“'
80t e K
- .
’.‘:%m%oé'ﬁ“’ ° SN
40 uﬁﬁ e
o St
) .’{' .
. o, VAN SEE
0 ‘k Xy i . ,
0.2 04 0.6

B)
4+ N .
2 . .
0 l . , ‘
0.005 0010 0015 0.020
160 ¢
D) '/p
120 “
al
80 1 - i

40 M o

[
TRt e . . :
0.05 0.10 0.15 0.20

0

Kimura 2-parameter distance

Fig. 2. Relationships between Kimura two-parameter distance and the observed mutations such as transition ( © ), transversion (@), and transition
+transversion (A ). A: first codon, B: second codon, C: third codon, D: all codons.

MI 93t MP 9bE o] 88 B4 At Aol AR
7}7+2] internal nodee]] W3 A1FAd& Felslr] $)3sled
10,000319] bootstraping ¥4} 7] = (Felsenstein, 1985)8 Al
Alstgdet. ML whlell 218k 24 4] likelihood 27152
MODELTEST Aol 948 A2ES Agstsh. = o
712A] (base composition)?] A= A=0.2594, C=0.3411,
G=0.1435, T=0.2560-& A}£-3}9] 2™ estimated transition/
transversion ¥]-§ 397103 &7 HKY+G A #5298 AL
sy A A5k}
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0g

EfEE X0

FoA 408 2] gAY EAlg doln)
AaNA A=), 7R ], ez 2] @ SRR =g
ulo] x40 Az 2832 NI At gFAk 2
7hel e} vlasig) om A& A4 9hg-2 Nakabo (2002) B}
WS wgith

z o

1. G7IME = o FEA O

TAAFERAL B4 A5 A7 o159 mito-
chondrial DNAe]] $]2]3]= cytochrome & §-% 21 A4 47)

MeE o AFste] Felslitt o] 23 2AH o]E v
=Zco} DNAS REH #AME dutded A35E9
A=} ¢241e] (RNASM-Cyth-tRNA™ - tRNAP9} E9l3}
A3 ATG MAZEo8 AlZrshe] 27 33 (stop codon).2.
2 A vixg 471 (& £33t 1,141 bpitt. 18]
o} GenBankell 5239 274 27ke] AA2E 44 2
717} 781bpl7] WES o ATl BE 7MY Ase
DNAssist version 2.2 (Pattern and Graves, 2000) 22 182
olgstod 781bpe) =7z AN AFS Hel 043}
At AR 781bpe] FriME-E 525792} conserved site
2} 2565-6)2] variable site®. -4 ¥ ¢l v} Variable site® 3
147742] parsimony informative site S £33}l o). Mitochon-
drial cytochrome b $H =L} FrIMGollA G771 2A3 #x}
T Table 20 Yepiodel 2AF A, Aoz @2 G
(Guanine) 971241 (15.5%)2F A¢] ¥]%d v==] T (Thy-
mine), C (Cytosine) ¥ A (Adenine)?] G712A(T: 27.7%,
C: 320%, A: 248%)& Bolch Telm A WAk = w
FE $ X0l A1e] transversiono) ¥} transition®] B]E-L
82,4 WA ZE $XeIME 257} vebgten AAA L
2 HF 278 Vel

FA 20ElE 238 2olElg o F 2He) A 5
%8 p-distances} G7]xd Aol rviepd A} Table 3
I Aot x7tElE o F 78] G7IM A Aele 7~82bpH
I p-distance 0.009~0.105Gc} o] 5 F7H9] 4 §7]



Table 2. Base composition and bias observed in the mitochondrial
cytochrome b gene of Siniperca and outgroup species

Codon composition

All
Species Collection site
T C A G
Paju-1, Korea 277 320 248 155
Paju-2, Korea 277 320 247 156

Yangpyeong-1,Korea 277 320 248 155
Yangpyeong-2,Korea  27.7 320 248 155

Geumsan, Korea 277 320 248 155
Jeonju, Korea 277 320 248 153
Gokseong, Korea 275 321 248 155

Sancheong-1, Korea 275 320 248 153
Sancheong-2, Korea 2715 323 247 155

S.scherzeri Gumi, Korea 275 321 248 155
Liaoning, China 277 321 248 154
Henan, China 278 321 248 154
Guangxi, China 2713 327 245 156

Imported fishi, China 280 320 246 155
Imported fish2, China  28.1 320 245 154

Anhui 1, China 2715 324 243 157
Anhui 2, China 275 323 242 160
Zhejiang, China 271 324 256 149
Fujian, China 275 324 243 157
S. chuatsi Beijing, China 283 309 261 147
’ Guangdong, China 282 307 261 150
S. roulei Hunan, China 288 306 256 1590
S. obscura Hunan, China 277 316 254 154
S. knerii Hunan, China 284 305 261 150
S.undulata  Guangdong, China 274 319 256 1351
S. fortis Hunan, China 275 319 256 150
N.spinosus  Jeju, Korea 287 320 237 156
L. japonicus  Kyushu, Japan 271 335 222 172
Mean 277 320 248 155

Bias* 0.194

The frequencies are shown as percentage. *: Bias in base composition (Irwin ez
al., 1991} is caleulated as C=(2/3) 3 {.,| Ci—0.25|, where C is the compositio-
nal bias and Ci is the frequency of the ith base.

XD 2ol . knerii9} S. chuatsi AFo)ol) 4] LJehd whde)
F7 Hd A71M D Aol 24 2718] Guangxi A
3} S. roulei Apo] o A Viefyte.

At =4 a0t A2 97149 B8 Ae
£ Fig. 3olM & 4= glom, 97|49 AJo]= Table 3¢ 1}
el odet. 34 271 A9 AR Aol ekt &
AR L 0~5bp2 2 AAE 7+ §42 AFole
Bolz] oisket. B of 9 AMY mEe) 2oz mAld
gxroleldl ez AR 54U AddA YR 2l
MAZ Abele] 97149 zfelx 0~2bpg T p-distance=
0.000~0.0034%}. Sl el A AD 2rle)e) Ho o
71D 2ol 4 A A 29 A Abe] TJBlm F

siZAL f2le] 7|9 99

o] ZiA e} AR 2 Hzﬂ Atolef A el o] o] Afo]o]
g71-Yd Ao]x S5bpglal p-distancer 0.006%it}. F2=2Ak
a7re] WA /‘PC‘H F71ME Aol 0~44bpelar p-
distance® 0.000~0.05693c}. %= -3 %] 4] Liaoning#}
Henan 7§ A= A}ole] 9714 9g zbol:= 1bpy il p-distance
0001 o] & MAFS G FHA A9 AL
o] A AAEH 97D 3belz) 1~5bpH T p-dis-
tancet 0.001~0.0069}. Zhejiang WA= 824 A
= Abole] |7IMY Aol 27~28bpgP T p-distance:
0.035~0.0379c}. Zhejiang WA+ S BB AR L A}
o)) d7jrdd z}pelx 28 ~29 bp (p-distance=0.036~0.037)
A Ak JHAEE AS)F Anhuig}l Fujian 73] 22
37~42bp (0.052~0.054)8] A71Md zhol2 yehigch.
Anhui®} Fujian 7§42 719 971449 =pel= 2~21bpyd
31 p-distance¥= 0.003~0.027¢ict. o) & A L3} g A)
A Abeldl @71 Yg xbol= 35~41 bp?djl p-distance =
0.045~0.0528 Ror AL A3 A QA 2
o) Ho 471 Aol Rt 25 Guangxi A2
Al A AFol] Zoly 31~34 bp‘}f}i p-distance

= 0,040 ~0.0429 ). 783 8=l olEl 2EAE Al
£ Anhui 1 7| A =3 Fujian 7| Ao wisl 0~2bp2) &4
A Apolg Beich

=AAET 24

MIMP 2 ML S ol 83to] £7kel4 olfte] A%
HAFIG o 2dE AES= 7b) Fig. 4, Fig. 5 28]
Fig. 6] vepiigih. o] & A4 A A4 WM
olf 7kl 7 WA B F2 S. rouleis) o]
A 7 84 vy 2o A bootstrapZt 1008 L—}E‘rbﬁ
of A AART A 225 el @AY 2ok 4
{5 & S.fortis, S. undulata, S. obscura-S. knerii-S. chuatsi,
S. scherzeri®] EFH<ME P& bootstrap?tg YERN oA
ARz ol FE4 EIeAE HEgA HY 4
agdet. shAut o) & 7} S. knerii®} S. chuatsiz= A EZ4
Aol & FAE vl 7P FAL ol E3 S. obscura
©AFA e A AslEem depten oz
[AE dellr dF7g A 7FA] Al A bootstrapZ) o]
Zk7F 80,74, 718] 3 83& Mo v \:ﬂ_ﬁl‘/ﬂ AN g}gi
AA D gt 38 2712 (S. scherzeri) MA S AR F2E

FAIstel o o] 91~ 100%2] bootstrdp»?i;}_i A }
19 AFe A o5 A A EIeAe
A el “PPW e deldo s HEd A4
‘%‘ﬁ B PSR ol avle] DS v WEst
379} - 1~7 A7 Aoz FEEGH, 53] 1§ 1
(GrOUP D& FARE A A ghtee) vl wA

teoB Roa

pal

2 e
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Fig. 3. The sequences alignment of mitochondrial cytochrome b genes of Siniperca scherzeri. Dot( - ) indicates identical bases.

T 1122222222 2233333333 3344444444 4555555556 GEE6E6G666 BEGETTTT7

13346678 08049113466 BBO0244578 8901223356 8300122588 3114455780 0223345687 7HI800357
36Y6923784 GTBGTAS056 BU4TE03263 BA0S173979 TO2540B006 2693657020 3170624082 556920234
ATGTCTCCTA GTTTCATTCA CGCTTTTTGE CAAATAGTCA GOCTCACGCT ACGGTCUTATA CCGCCAGACC ATCCTCTCG

LTCTCG ..Coooo ACCCC. LGGLCTCTT.. L TCC....T...G ..AG ... T
. T.G ACC.TG.... T..C..CCOT TG G.G.CTG ...C.CT..C C.AC.T.GC. ..AT...GT. G...
TG ST T..C..00C. TG.G.G.CIG .. .C.CT..CCAC.T.GC. . .AT.. .GT. G...
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> =

ke ol Ak £ Lisoning Henanol) A0 9541 vkelis N2 o AdolAl 412 A3 2b 97)
B 272} A Aol e A Bol WAE B AY Aok 0-064%2 eht o) A7H B T4
siet. o2 ) A AAE 7+ $AA Aol e} Ao
2 e 2AE JepIKE T olie B 2okele) 2
3. Bejma 2o P e B e
Felbelol 4 2R AN AR Hy oo AR AR A e E

= Sotiy] st Ak QA2 vlasigen o 2

A 1-% sko}et shvd

o] f3AE FN7IES I

4« Table 4] ehfgiet. £404F 271e]e] Asler 9

~ 577} veld bl sh=AF A A2 Alslgrt 67
2 UrBPa‘D}. v ] Argn] S dx polME
e 2polE Mol gkt

&

R

Cytochrome b -8 AHE 0] 8.8} o] Fo Ao Ao
A Ajolo] B A7 Sl AR olFe o)
o2 5909 v} Ak ol 57 et wig 24
24 73*“15‘ ;ﬂ‘% 7+ @71M g ol HY 69~12.1%%
vt ow (7, 2004), 7122} (Amblycipitidac)e)] 45}
A7HAH] (Lzobagms mediadiposalis)?] X9 MAZ AF 7H
A= 44~57%2 271444 zbolzt g ¥ 9oz =,
2006). 18l a 4)2) (Coreoleuciscus splendidus)y 2-2] e}
67 29 AL ol 0.1~18%2] @714 Rolg =

L

& 24 9Jvh(Song and Park, 2006). 3H8 £ o ol A

fuoer o2 o

o ﬂi Hr:

o2,

Al A (molecular clock)?] 7h3d& w48te] B3A7)=
ok gheh. wWie] o} {8 ez & cytochrome b F4
Ape] Bapgmol] A 7120 AollA] Sebastesd o] F
100213 = 0.92% (Rocha-Olivares er al., 1999), Gymmogo-
bius% o) F¥ 22~2.4% (Harada et al., 2002), 28] 51 &7}
A5 Be 2.8% (Orti et al., 1994) R 28] B3l4v g B9
3 BuE vt gl apeb HFelF9] cytochrome b F-
AAre] 2348 10090 @2 0.92~280%2 7FA §lo]
#o12l4 5o BSAIE 2T A% AP A 2a
oz viehd S.roulei®] 75 B 271e)E ol fote] @
714 #bel7t 9.3~105%F Yehle] 3} A7)E H=%
330ukdel A 1,14081d A, Z A48 37] Miocene 7)o
A Pliocene 57} Abel & FAH ST VoA Aoy 20}
24 o]F59 FH3E 97IME Aol 5.1~101%E £
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Fig. 4. Neighbor-joining (NJ) tree based on cytochrome b DNA
sequences obtained from 7 species, 26 individuals of Siniperca fishes
and 2 outgroup species. Bootstrap values are displayed over 50%
internal nodes.
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Table 4. Comparison of morphological characters observed from Korean and Chinese populations of S. scherzeri

Korean Chinese
Characters
Present study Lee et al.(1997) Imported fishl Imported fish2 Zhou et al.(1988)

Number of specimen 15 50 4 6 -
Total length (cm) 8.3~282 - 246~314 209~24.6 -
Counts

Dorsal fin rays XII~XIII, 12~13 X1~ X111, 13 XII, 12~ 13 XII, 12~14 XI1I,10~13

Pectoral fin rays 14~16 15~16 14~15 14~15 -

Pelvic fin rays L5 1,5 1,5 L5 -

Anal fin rays 111, 8 ~9(9) I~1I1, 8 ~9(9) 1L, 9 111, 9 1,9

Gill rackers 5~7(6) 6 4~5 4~5 4~6

The value in parenthesis indicates the mean.
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