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ME: ARWFELEEEERNARALKR A, EXPCRY HAFIME , KET oY
BRI B 13 MKW RAGL R 7 5], X7 5K 33 AT oA, & T Kimura X 5 40k iH &
JE 8] A 18] By 3% 1% BE B, HF 45 & GenBank W iy B JR 7 7, DL & S B M 9 T R SL it AL
o BHIIRMATHRESHAFSARATHRE BT (1) YELBEEEXP AT
MEB, (2) HETREE AR URGMER K (90% ) KK, AT A St Ay
AW IAFTHIF L ERRBHENSENR. 3) 2T RANE ST AR LR
EREARE B HEARNSHE AR -NTIHOU LA FE— S HE (4) IFHFLK
HETHERAEETH - FTHIHNTRAENAL, (5) XK THSFLEETH LK
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i SRR o B . AR T 2 70
J& 270 Fp* op IR A 1 S E A X
Z— 1T & 30 B g oh E
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/NEE 1 ( Larimichthys polyactis ) 2= V1. 10 M FLAR
AR LR . iR 2R e S
B #m N L®EF AR, ok E M
( Larimichthys crocea) Flfif ( Miichtys miiuy) %%
TRZ 15 Ry 45 S a2, Tt P Joc ik A, LT o)
4 SRS AR R T U A A
BWEAA, 5 R E AT O —F 7
BT FANAN T IO, AR/ E BN 5
fEm,

A1 I 43 2 T O A R T A AR R AR
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Tang) [ 223k 3 #E 4 ( Chrysochir aureus) ]9 A
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200 40 A ARl DNA KO- 1 1741
oM. RAGs, JUHJE RAGL, HA pEALZE 18, 46 3
P T ARA dR/IN , AN TR 9 b 22 T 8 i A 2 B 3
T S T ADEBIR R ER B IR
ARG 5 A8 5 I E A0 E B v [ A 1
BH9 J& 13 4~F) RAGL J751, Mt oy 1 R Gt ik
B BT E T AR T R R

1 RPR T

1.1 ##

DA B R 13 Fhofr i S sSEge bkt R
CPESERGHRF) Y A TIE A %50, R A M
F TR TR

F1 ZWHEHIAKR DNA F5I5RIRE
Tab.1 Origins of fish samples and DNA sequence data

& i MHAHS RAEHb A RAEH FEA R
genus species abbreviation collection sites colletion date sample number
Y &k t6 J@ Johnius LGNt J. belengeri PJ Wik Dongtou,Zhejiang 2008-11-09 3
WHEEN k2 J. distinctus LQ TREALT Xinghua Gulf ,Fujian  2008-09-05 6
A )@ Umbrinna )RG5 14 0 U. russelli LS JPtifF Beihai,Guangxi 2009-08-24 2
Fa @ Orolithes KR, O. argenteus YYH I PGk Beihai ,Guangxi 2009-08-24 3
EGE T JE Chrysochir K IEGE S, C. aureus JT Hi2¢/MNF Ruian , Zhejiang 2008-11-08 5
Helh 1A )& Nibea ekt N. albiflora HG FE @MYL Minjiang , Fujian 2008-09-09 5
NAE T N, semifasciata BHHG I P4dtif Beihai,Guangxi 2009-08-24 3
R4k fa )& Pennahia SR P. macrocephalus DTBG I Vdtif Beihai,Guangxi 2009-08-25 3
R P. argentatus YG TREEMAETE Xinghua Gulf,Fujian 2008-09-04 4
fifiJ@ Miichtys fifi M. miiuy M WiTLif sk Dongtou ,Zhejiang 2008-11-09 5
A& Larimichthys KA L. crocea DH 211135513% Xiangshan,Zhejiang 2008-11-07 5
/INEEfI L. polyactis XH WrvLiA3k Dongtou,Zhejiang 2008-11-09 4
HEEa)E Collichthys sk Mgz C. lucidus M Hii 27N Ruian , Zhejiang 2008-11-07 3
4N outgroup B4 Anabas testudineus PL GenBank ( AY763773) - -
L2 ik RIFEIBKE 25 Lo 4R b 04 CHIAEHE 5
DNA 32 5 JLR ZH DNA $2 B2 R ik min, K5 17 MG (94 CAEPE45 5,52 T 45 s,

(25 1 ik ity HAKRI &, B LA 100
mg, il 600 wL $i#E%% #4# (10 mmol/L Tris-HCI,
pH 8.0;100 mmol/L EDTA ,pH 8.0) , Bjfir2H 41,
JIA SDS FlE F1 iE K (284 B2 51 51 24 1% Fi1 200
pg/mL) 55 CKIFHMERREN ., FHFRHE,
3 GE AT (B S0 R (250240 1) |
AN B RHARFR NS 1 JCK LR TE
DNA,70% L BEPE%, HAR T 5% T TE (10
mmol/L Tris-HCl, pH 8. 0;1 mmol/L EDTA, pH
8. 0) T 4 TIRAES

PCR 3%  RHIH PCR #H47, R W/R &
EILEL L, 51975 I3 2. RAGY R 581 [
— PR 25 L, Hod 10 x 28 vk (AL
Mg®*)2.5 ul,2.5 mol/L dNTP 1 pL, | Fif#5]
Y45 1 pL, Taq fiff 0.2 L, Fiflk DNA 1 pL, ik

72 C 55 3) ,BRJ5 17 MEH (94 C 45 5,51 C 45
5,72 T 55 s),72 TIEAH5 min, 4 TR

Y RVARR 50 L, Horr 10 x 22 i (2
& Mg )5 ul,2.5 mol/L dNTP 2 uL, | Fiif5|
Y4 2 pL,Taq i 0.5 wL, K —§ " Y1k ke 5 %
JEH2 WL AR, K 7818 7K 28 50 pL, ¥~
HaFE e [H] L, {8 ] Eppendorf proS PCR {44,

PCR /= 4 4 S F X} PCR — 9" /=4
HATAf R, PRk s ST R R A S L RS
FIMI3( —47) F1 M13 ( —48) AR . IR
1E ABI310 B4 { il A b AT E ROl

HHEHA FIFI Clustal X(1.83) ) Fl
MEGA 3. 0 B b Jor il J 51 3647 1) 957 51 L
X HE R I 25 1 9 g VR 0 Y SR OE T 1o
MEGA 3.0 #AF 3471 17 51 B8 AL AR AR A0 1
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1 4] ChF S BT RAGL SR P I 13 Fifr i BB R RS L E R 11

[F) oy 56 T+ Kimura X2 $0k o+ 5 F (] (19 38 14 R
B, M GenBank Hi R # ) B} 1) 5 i ( Anabas
testudineus) ) RAG1 [6)¥5 ¥4 ( AY763773 ) k11
FbAE, 43 ) >R F 48 A2 A #% 15 ( Neighbor-Joining,
NI) DL Fe B K AbL 8% 3 ( maximum likelihood , ML)
SN R 7 32 60 e S Bl HEAT 43 BT, FEEROAS
() AR T EAT BN 25 R AT RN 22 5 b NT i

fff JH MEGA #17 & 48 @ @, ML % k% H
TREEFINDER #4773 #1, Bootstrap & {5 {i il &
H UK 000 K, & MODELTEST #f:4f &
F 0 Bcd G AR s BT A AR EL A 5
(hierarchical likelihood ratio tests, LRTs) FIFRE [
AIC J575 M\ 56 T[] 1) 42 1 R 4 A 155 0 v ) 1
HE BT R RS

&2 PCR REFTASIMMAEFSIMEFRREFS

Tab.2 Sequences of primers used for amplifying and sequencing

H 2 BlE/ RN Gk SCHR
target gene primer sequence of primer reference
RAGI1-2510Fa 5'-TGG CCA TCC GGG TMA ACA C-3' [26]
RAGI-4090Ra 5'-CTG AGT CCT TGT GAG CTT CCA TRA AYT T-3' [27]
RAGI1
RAGI1-2533Fb 5'-CTG AGC TGC AGT CAG TAC CAT AAG ATG T-3'
RAGI1-4078Rb 5'-TGA GCC TCC ATG AAC TTC TGA AGR TAY TT-3’
WS4 MI3( -47) 5'-CGC CAG GGT TTT CCC AGT CAC GAC-3'
seq primer M13( -48) 5'-AGC GGA TAA CAA TTT CAC ACA GGA-3'
FEFIZHDNA
—>
RAG1-2510Fa RAG1-24090Ra
B—WHAPCR B
5|4 HRAG1-2510FafIRAG1-24090Ra | #ATPCRIRIE
RAG1-2510Fa —> ;
RAG1-24090Ra mmmp FRRAL —) S
— p— YR
RAG1-2533Fb RAGI1-4078Rb
| #ATPCRE M
B APCRR B
5|4 HRAG1-2533FbHIRAG1-4078Rb
RAG1-2533Fb —— SRR
RAG1~4078RD s RAG1-2533Fb RAG1-4078Rb
E1 3 PCRFHE
Fig.1 Principle of nested PCR
o 2.2 WEERSEEEE
“h

2.1 RF5I5aHh

ZevnlE T, M AH Y 51 4% RAGL JEH P
G, N EHE T eGSR ARA 13 Rl sk
1 498 bp g & )7 41, J¥ 51 Jo 4l A/ Bk R BL AR,
B 14 FE 936 7 230 /A5 52045  variable sites)
Horp fa7 49 {5 B 17 & ( parsimony informative
sites) 183 4~ B A1 15. 4% , 352 X 39
AN HLAE Y (haplotypes ) , &1 2 2y 2% B 4% 1Y F) 728 5
B o

T.C.A 1 G (P& 55150 22% 24.7% |
25.3% f128.0% , P GG ERE;A+T &
(47.3% ) KT C+G &= (52.7% ) , %&T Kimura
XUSH: , DASAG A, e dfe LU RIS 35 T 1] (35
3) FhTE] (2 4) AR IR Y . DAJ [H] fy st 1%
PRIk F, i )8 5 5 A 8 [\ 19 3515 B 5 a5/
(0.017) , Hg 2 £ Jag 55 WY Ik £62 Jgg [R] 119 352 1% B 25 e K
(0.051) o MAFHA] ()35 5 B BG OR  , R B H R /N i
18] (13507 R B e/ D> (0. 012) , Bz G Y iy £ Rk
e 2 £ [ (5 HE B 05K (0. 058) ¢
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BHI ATAGAATAGCCCAATTAAAACTCGCTCTCATCGTTAAACGAGGTAATAGCCACCCTTAATGCTGTTATCAGGGAACCTTCCAATACTTATAACTTATACATGCCCGCGACTGTCAAAGGTACCACCAGTATTCAAGCCCAGTTATATCACTCTCAGTGGAATTCAACGGTAATTTCTCGGTGGATGCGTGTAGGCGTTGTTCCCTGTATTCCGGCTCTACTTCACGTGTT
DHIL . T, T...T. TA. TG, T..T. AL AA AT..G....C.G. C.T. C..C....T.G. AT A, T, T.C. A T. AA CMTLGLLLT A TT.....

E2 BHEEEREE RAGI FHIERMUAE

Fig.2 Sequence alignment of the partial mitochondrial RAG1 gene from

different haplotypes of Sciaenidaes

K3 ABAEIEEEY Kumura WS HEEEES

Tab.3 Genetic distance among nine genera of Sciaenidaes

J&# Mt )E AU R Fgm WA E  Wah)E AR it gl
genus Johnius Umbrinna Otolithes Chrysochir Nibea Pennahia  Miichthys Larimichthys

N 4k #41 Jg Johnius

A i i@ Umbrinna  0.033
F& & Otolithes 0. 044 0.035
T € 8@ Chrysochir 0.042 0.035 0.035
Wil )& Nibea 0.037 0.030 0.031 0.033
UL JE Pennahia 0.040 0.030 0.031 0.033 0.028
i J& Miichthys 0.043 0.034 0.023 0.035 0.026 0.030
W& Larimichthys 0.047 0.038 0.030 0.039 0.035 0.036 0.017
Hi#ifJ@ Collichtys 0.051 0. 042 0.037 0.045 0.038 0. 040 0.023 0.018
x4 1B3FAEEFERN Kumura WS X EEES
Tab.4 Genetic distance among thirteen Sciaenidaes
FEEmy gy 0 T I3k i Eiay KA Bk 8 Jeitfn s
L L v

argenteus albiflora argentatus miiuy  crocea polyactis
aureus

belengeri distinctus  russelli semifasciata  macrocephalus

Sl it £y

J. distinctus
PIREAU T
U. russelli
B,

O. argenteus
C. aureus
Bl

N. albiflora

S A i
N. semifasciata

PNy i

P. macrocephalus

0.028

0.40  0.030

0.050 0.041 0.035

0.45  0.041 0.035  0.035

0.045 0.034 0.031 0.033 0.035

0.40  0.028 0.025 0.027 0.028 0.016

0.46  0.034  0.029 0.030 0.031  0.028 0.022
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1 S, T RAGT S s [EEE 13 F 47 1 R 62K RS IL X T 13
sk 4
JEERnY Ny R S5 i R
e e D o S8 W % ki b
- - - o N. - - P. M. L L
J. J. U. C. N. P.
o . argenteus albiflora o argentatus miiuy  crocea polyactis
belengeri distinctus  russelli aureus semifasciata  macrocephalus
Bt -
0.046 0.038 0.031 0.032 0.035 0.032 0. 024 0.022
P. argentatus
fifi M. miiuy 0.051 0.039 0. 034 0.023 0.035 0.026 0.025 0.028 0.032
K
0.0  0.43  0.037 0.028 0.038  0.036 0.031 0.034 0.037  0.016
L. crocea
N1,
. 0.053 0. 044 0.039 0.032 0.040 0.037 0.032 0.035 0.039 0.018 0.012
L. polyactis
LM
W%}@Eﬂ* 0.058  0.047 0.042 0.037 0.045 0.040 0.034 0.037 0.043 0.023 0.018 0.019
C. lucidus
2.3 BESH FIEAE B Ol f) SR, 15 A Al £ J (R 0y £ R

AR R AN iHE RAGL SEH 7 9 T R 5
KBR, HEE NI FMP B (AR50 ) . ] Modeltest
PR TAZ AT TR AR A 55, I B AR R R4 T H K
18R 1% (ML) 43 §7, 7€ Treefinder 1% & & & K
1 000, AFFFEAFRNN 3 FhorF RGEM M H LS 1
FEAR—F, RGO U A B BE S W 1)
PIAZEHECE3) o SE—25HFA 6 J8 9 B, RIni &l
& (At ] fok £ R B R g £00) Sl 5 06 40000 i )R
(IR0 A ) B2 ARG 5 o s (il

SR G ) RIS, SR G T B i (AR Sk v B O
i) A ) 5 A UR (R ) R WU
S — S ALFE Y 4f 2. IV B) (Johninae ) 2 Fift, 47 15 81
W. Bt ( Sciaeninae ) 1 Ff, H & fa W F
( Argyrosominae ) 4 it F1 7 i, \[7. £} ( Otolithinae ) 2
Tl 58 2606 3 I8 4 A, /e Sk M A
RA R EERE e SR, IR AR
(Larimichthyinae ) J£ Ji{— > H. 2 1

REE N Ik 1) distinctus

—

90

3
KRG belengeri

74

PIREIAEAU. russelli

— FWifN.albiflora

76

95
L LAC TGN, semifasciata

Wik P.argentatus

89

94

KRGk £ P.macrocephalus

73

R FEIEFERC.aereus
WIERO.argenteus

97

54

/NE A L polyactis

WSKME B 48 C lucidus

47

K#E#L crocea

fits M.miiuy

BEEA. testudineus

3 ETAEHERER RAGL 4 FFET ML MZH S FRSEH
Fig.3 Molecular phylogenetic tree on partial RAG1 sequences of Sciaenidae fishes
constructed by ML method with Bootstrap Test
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SRICHEREE Ay, A 1 R G R H 7 2
AR N “FrUEJR e R A H BRI RE KT
AR, AR R AT RS 73 S R AT TR AT
TP O — A I B A, R Y
i £ 7 ) (Johninae ) | 3 #2484 3V £} ( Megalonibinae )

OF

A )5 217} ( Bahabinae ) (A5 S MERHA 3
FEWRAMIAMEL S ) , 45 — BT 3 M 1K
WA A E W R (Sciaeninae ) . o i, T}
(Otolithinae ) . 4 £V B} ( Argyrosominae ) 135 ff1
Wi} (Larimichthyinae ) . M4 4 70 8 25 He itk
1A E 5 A9 J& 13 i SEnIE A 73 i H
WH(E4),

s " @ - © EZE&"qﬁEEJ_helengeri‘
| "M% WA ohniinae }—{ AU %t €6 J& Johnius ®

B 4k 4 . distinetus ‘

4@{ i £ W Bl Sciaeninae }—{ A a8 Umbrinna }—'ﬁJ RAEA U russelli ‘

&)

J{ﬁﬁﬂlﬂmﬂmichthyinae

&)

1

e @{ Fa R Orolithes }—{ W45, 0.argenteus ‘
iR Otolithinae
© P—{ﬁﬁgﬂ:@ﬁﬁﬂwysochirl ’%%ﬁ@gﬁ:ﬁﬁ C.aereus ‘
o (%
ﬂ § @ @ WA N.albiflora l
3 | s RNibea @
e Eﬁﬁ@ﬂf*ﬂrArgyrosominae}f ﬂfﬁﬁﬂﬁﬁl\f.semifasciata‘
> 4 P.macrocephalus
@{ U R Penmahia Rk macrocepha us‘
@ WU P.argentatus

|
HgE A R Collichhys | WSkMIT A Clucidus |
|
|
|

@ K354 L.crocea
A& Larimichthys @
/NFEA Lpolyactis
1 J& Miichtys }—{ fifs M.miiuy

B4 9B BHAEHEEXNESSEN

Fig.4 Taxonomic tree of 13 Sciaenidae species within 9 genera based on morphology

B 13 Tl i/ R T RGN (B 3) 5IE
BOTRRGR (B 4) P47 g, 2R R, I R
GEM AR Z AL 2 v [ 5 AR 13 o B f 2R
AL A PSSR . HRD RGP By AR Y
HOTAR & 22 0AR K. T2 T REGERH,
m 4% fa W R ( Johninae ), £ ¥ fa W Fl
(Sciaeninae) , [ 4 £ W B} ( Argyrosominae ) I 7f
i 7. F} ( Otolithinae ) B B 55 — 25 ¥ 5 & 0 7 F}
( Larimichthyinae ) & 28 — 258,

P RGEMEN, MRESAER(AE®
WERF) Ab T4 F AR B S, 5B A4 A
A A7 B R A R B B R AL A
B, ke AR A S AR A (% g ] 4 £ A
B IR gl ) 54 1 R AR A ) [ 2 A
T DI B AR B (90% ) R, HIL, 3CHF T
A E I AR FIR R0 0 WA, 52

Ty R 22 A a0 2y B 4Rk AR 168
rRNA Fl Cyrb JE[H FE51 40 M5t AR [R5 36

Uk 7 g 5 0 Bk S 8 A4 B B O 0. 037,
TR 0k 8 5 ) B R ) 3 6 B B M 0. 040, 1
7B Ll £ 5 I G £ R R SR 6 R AT 4 T &
GE R S S, 0 R Y TR e B (B
Uil R AR B G f ) DR R R i A e
CHR It f R S AR 1k £ ) 0 LB 3 90% 11 4%
& AEN— 37, ML R 5 8 4 0 )R AR i £
JRHE AR . 52T A o A 0 A L
MRS

TG HR 3t £ A B S 0 B 0t £ i SR 2
T /G 5 0 L0 R R 03 i1 S R TR 2
PSR R K, BT ML BB R
(76% ) ,NJ B F1 MP ## 3 #5 R AR (MP35%
NI39% ) ., PRI, B G #0081 ER 0 £10 J 70 T 25 4%
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1 4] ChF S BT RAGL SR P I 13 Fifr i BB R RS L E R 15

28 BIRA— AR WS R — 2 R

O3 T RGN B, 22 Sk B 0 O L 48 v 1
G (89% ) o5 W (W BL A 1 A BL Ay 1k
AR 7 NRFEF R — e SR AR
Ko PN I 3k B i oF 6, 5 4 o faf B T g
N[ — AR A e R B

MOB AL I B 7, /0N e i R R B £ 0] ) 35k 14 1
B (0. 012) He/IN £ RSk M 2 f0 4] 1) 844 1
(0.019) /|, 7R /N f R B #0155 4 06 R ARt
SHENE . WD T REHRRE, i
TR 4 ASFPE R T — PR, (B
1 F B 0L/ B 0 R R SR AE — R, T S /N
0 UL A 2 10 SR (F S R, SR 1
K RA, XATEEEH T RAGL JEH H &}
5P LRSI, FEXT SR O R B, 31k
B (RN A T AT 2 B — 8 R 2

AT FTHAG 1 T2 B B i A B, A B2 LU
BE R4 51 U] BE 22 19 Fh 2 Bkt i, R 2 R0 23 T
FRIC , MR ] ] B b P A 7] KT J o o
RN ARG R B TS, HE— 40 B v [ 1 )
R I Fh 2 REE L 2R, R E G f
BRI PR SR 2 A, AT I X i E £
SR Al A T T TR £ 2 X 2R B AR T A

SE Wk
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Molecular phylogenetic relationships of 13 Sciaenidae species in
the China Sea based on RAG1 gene sequences

MA Chun-yan, MA Ling-bo” , NI Yong, SHEN Ang-lii, ZHANG Yong
(Key Laboratory of Marine and Estuarine Fisheries and Ecology ,Ministry of Agriculture ,East China Sea Fisheries
Research Institute , Chinese Academy of Fishery Sciences ,Shanghai 200090, China)

Abstract; The family Sciaenidae,commonly known as drums or croakers, are distributed in the Atlantic,
Indian and Pacific Oceans. This family comprises of fresh,brackish and marine species and about 270 species
in 70 genera. The classification and evolutionary relationships of Sciaenidae have always been hindered by
the overwhelming mumber of species, wild distribution and lack of morphological specializations traditionally
used in ichthyological classification. The confusion and debates have brought much trouble to the study of the
phylogenetic relationships among Sciaenidae. In this study, to evaluate the phylogenetic relationship of
Sciaenidae in the China Sea,the RAG1 genes sequences of 13 species within 9 genera were amplified and
sequenced. After alignment,about 1 498 bp length fragments which could be used for sequence analysis were
obtained. The genetic information indexes were generated using MEGA3. 1 software and phylogenetic trees
were reconstructed by Treefinder software. Of the 1 498 bp aligned base pairs, 230 sites were variable,
accounting for 15. 4% of the total base pairs. Molecular phylogenetic tree was constructed based on the
maximaum-likelihood ( ML ) , neighbor-joining ( NJ ) and maximum-parsimony ( MP ) methods, with Anabas
testudineus as the designated outgroup. Conclusions were drawn as follows: (1) The tree indicated the 13
Sciaenidae species in China were grouped in two clusters. (2) Johninae and Sciaeninae were clustered
together in the basal position, suggesting they are most primitive groups among the family Sciaenidae, which
supported the previous conclusions based on morphology. (3) The phylogenetic trees showed that Nibea
derived from Sciaenidae earlier than Pennahia. However ,the morphologic view regarding these two genera as
the same subfamily was not well supported yet and further analysis using multiple genes with different
evolutional rates was recommended. (4) O. argenteus and C. aureus might be grouped in two different
genera of one subfamily. (5) Larimichthyinae was the latest derived clade, which supported the previous
conclusions based on morphology. Due to the lack of high bootstrap values support,the species-level within
this clade was not highly consistent with that based on morphology.
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