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gER'* Hew . TR . FAW

(L. REBERSNORERATRY, PEA~RERTR SN~ TRN, LN 200000, 2. NEXE toRF¥NE

RSN R THNERATRY, N 200433)

MW TN Conlia moatie ) B ITIIKRBRITEE R RIC 5 R4 X R BB LN IE, 80 B DNA( mi-
chondrial DNA, enDNAMOEIME K 6 {cyrochrome b, onb) KE K FENEH S8, CEREENK - S0NN 41
BRASEREL N I%, AREKEONENESREER Y 0.3% - 1.0%, RITPEABORGERS0.5% -

0.8% CILPHE SRILIMEZREERIVENY 9.4% —10.9%, & 2 -MIFRN &R oM RES. P KImES
AP AR 5 SRR M AR 1,000, TN EY 0.677% s SRITIME S A kd

ARRMEsBAED RHDERARNORTRENESRENY 0,900 R0.573%. M EEAN ARLMERG
HEN. ARRREMESRERUNPERENNN, [PEASEE, 2006,13(3),337 - 343]

R AW AR ROENE RGER BENE AREN

SEART .Y TIMERE A

B Coilia mystus ) i —F/H R %E, fEHF
FE451 28 R A 5 I T8 H (Clupeiformes) . 88 {En-
graulicae) WFM . FBYEW4H4 THERILREN
HAFHERGS, FEPE. BN B4 NEQR
REW. RS~ R0, RN
M, AR DT O M. R
FHAMKIRERB N ELRE. KX 0D
3T BEERW ALk - FRAWR AXSHER

EReERR Y HEMIH T EREYD
TV, PRI GRS T RN R

SO0, R T R R RN R SN R
PR BANMOEEREROIY, HENERE
FOKBAMAMERN ERIORNEITORENE
B, KD S AT, FTLLN
FORGBNRBEATRE R L FENNA.

AMBIMEZEAR SR ERBLRA N
W AR SR B 095 T RIS, AN
#& DNA ( mitochondrial DNA, miDNA) & # %

DNA. h FERF S TRANBE 8RB . H0RE
MR SR WA SREE, B RIEWICh MK
TR P R—NH NS T2 Y, mDNA

AMEM 2008 - 08 - 23, MLTEN, 2005 10- 12

X RS 1005 - 5737 - (2006)03 - 0337 - 07

RGP RIGE S TR EWREEORT
WIS T RIS, mDNA MYk
e AR Eaia Y,

HMAR b(cyochrome b, cyth) $HE mD-
NA LM SN RniE TWeRYmenkos
HERE AR ERXEAR~NNENLE
BHEBEICRN S T RETNR YV, on X
fESr R AN S e ERNmk

SRS R R ENRA N,
B4 miDNA JE F R F SN0 s

SRR N & LA, ARRAKIN
MBI UK cyb X600 S RIFRIAHAE,
BT E RGER A RG B R RENE B
NERHENBDTRATHEARFRERERER
.

1 HESHE

1.1 #%

FSHCITR e R A LW i (N,
E121°80") e IL Bk kML & )" M RiT O (N2
SULENI'82). MMM, ER810RA,

AR BN YNORERATRE TRER (F - | -04- 14); PRAFRPFEARNTER (2003 - W -4)
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1.2 DNA#E

ML SAS ARG EEE DNA, RAER
MRS TR, BRI 09 DNA Al 0.8% MR
BEORAER A, 08 MR B S 0O (24 100
ng/pl) AT PCRIM.
1.3 PCRYVARNE

JELRY 9 B Gk B9 muDNA b 3600, Ml i 8
JHGI4 L14724 W0 HISO1SU o i (10, 519 0Y

Fi24:L14724, 5" .GAC TTG AAA AAC CAC OGT
TG-3"; 8 H15915, 5°-CTC CGA TCT OCG GAT
TAC AAG AC-3" . PCRYMIEMNESWOELTF
HR5F : 100 ng DINA 818, 0.2 memal/L INTPs, &1

1$9% 1.0 gmol/1.,4.0 mmol 1. MgCl;, 5.0 wl. 10
* peaction buffer, 2U Tag MM . BERNANKE
SLUEBI S0 L, PCR M4 PE2400 MY PCR (% L it
7 YMEFWNT 9 CESEE dmin: G R 35
T . B TRFAE MU TS 0,50k
1 min,72 T EM | min 30 s BEB 72 T M E W
Tmin. PCR W™ | % BURMBER LG,
BGMEZR(ER) D BER R (R & i,
PCR 4™ M™%/ | N TAE S00RTHRERY e Bk (S8,
1650 ol 5 S P A L (- e PR W) =4 ).
LG W ABI3730 MUE(UMIE. R EERT
MIrRME R, 8 -TRABMIER 2 1519598
WEMO, MERT SR HI15915 R L1SS190T

1.4 BEESN
LI N FF S 9 3 09 58 R il DINASTAR $fF 8

HTTHE B TR, DNA FFR M ERR KRN
0% 5 LA B £ 502 ) 046 RS A MEGA2.11M
kit M.

TR A6 57 S48 (haplotype dvensity, H)
B E 8 nudeotide divensity, =,)/"Y, AFK
FARERENMEMER KK, (LWelo ¥
K25 MK 888 Mdonald and Kreitman @),

2.1 EMER»BEXFEENOER

OLENFeyRs R RS, RBKRIIR
W SRR K 89 b A6 384 by i BUFH
(consensus sequence) . [ 2 J8 57 0 19 00 WA BT 46
cyth 8 5 WrER G rE M, RRER AT M
TERUS BTRER 11.5%, HPKIRRH
S & M 65 51 ( haplotype ) , M 76 5 21 BN 6 N 5
& Fp AN, 0BT Ok M A A A
BEBRLE,

ATLLIR M, TR P T O R G R 0.3%
~1.0%, BRI PN BE 00 R 16 BE W X 0.5%
0.8% KILAMSHRII MK MMEEERY
0.4%—10.9%.
2.2 REERGHRESSE

ARk Rit TSR DA 2 FxE,

AR BN AED S ETREN T
AF A .
2.3 HTFATFARKRSEMER

B K,/K,(Li-Wu-Luo method) B85 8 MK
(McDonald-Kreitman test) 088 DNA AFRER
fEHE R MR k4,

K /K0 F 1, e i 5 {6 Ty
{EPER I (Purilying selection) .

#H McDonald # Kreitman 8t 6 5 ik it
aR(MEREMERRNEANEELR). B
LS R < o X 0 B Neutrality Index) 4 11,333, G-
test M9 G §1% 6.715, P (% 0.009 5 (0.001<P
<0.001), BRMEN. G FEROELER,
B T LAV SR T DL (W A S R M E K TR T
Bk &S TR MBI, RHANEX
EFERREOEEPERTREE
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Tab.1 Genetic distance( below the diagonal] and substitation | sbove (he diagonal] hetween rwo populations of C. munm

an a2 13 CH s il m 2y
al 3 1o 20 A ETT Y SR 1V, B
iz 0.0 an 31 11 3R 337 338 1B7
I3 0.003 0. 008 140 310 T NN 1 3%
4 0.005 0010  0.00 21 VT RA BT MA
as 0.010  0.005 0.008  0.005 [T MA WA %k
zn 0.099 0109 0102 0.0  0.109 21 w2 1A
Fd ki 0.094 0.104 0.096 0.099 0. 104 0.008 1 i
a3 0.099 0107  0.102  0.04  0.107  0.005  0.008 1
ZJ4 0.099 0109  0.102 0104 0109  0.005  0.008  0.008

O - RMEILNG. D - RMalLRG
Meote: C] = C st of the Yantee Hiver papistiong 2] = C, srmtee ol the Pearl Hiver propudatan.

R AMEANSOAATENSEETRENN

3 Wi Tab.2 Haplolvpe diversily and nuclentide diversity of
3.1 BUNHET BRI 81K 00 AT X K o pepuiatins of €. agus
CERLEE O STRR =P, A7 0f LA 40 B ) — A 76 AR RIESIERFE BTRENRS
), R P B 0114 2 5 0 Siaome. o W
ERBAHRTHN, oM TEQRRENESE LW
B, G, (10 Cheng B/ 21580 , 4 iT AT T Visigive Sfver popideiion 1.000 0.677
EIIMMAETRESHER EAMAMER. AW, . Jad 173 0.900 0.57
ARNESEREBBAFMERD 2, Bk, P River population ' :
ENBEELFNERTHALAEN, £ AR ¥H
il 0.950 0.625
HRE N DNA S Firicit T N.
83 MMABFRAMINRARENINR
Teb.) Synenymess| K,| snd seasynonymens( K,) sehetitution of two populstions of C. sy
| IR K, K. K./K, Fauranmse K, K, K./K,
a1 -qz 0.0504 0.003 5 01151 CI3-ZR 0.468 7 0.007 1 0.0151
-3 0.0000 0.000 0 0.0000 =& (). SOR 7 0.0071 0.013%
ol -Cl4 0.0100 0.0015 3500 Ch-ZM 0.4876 0.0007 0.0219
cl-ds 0.0303 0.0035 0.1155 Cl-Cl5 0.0201 0.0000 0.0000
@i-an O.468 7 0.0107 0.022R CH-ZN 0.487 6 0.042 0.0291
Qi1-zZnr 0.450 4 0.007 1 0.0158 CM -Z12 0.45687 0,007 0.0228
clh-Zi3 D.4893 0007 | 001458 CH -3 0.5087 0.0106 0.0208
Gl -Z}4 0.468 T 0.0107 0.0228 Cla -2 0.46786 0.014 2 0.0281
cz-cp3 0,020 1 0.003 5 0.174 1 cs-Zn 0.5274 0.014 2 0.0269
CI2 - G4 ©.020 1 0.007 1 0.3532 CIs -z 0.507 5 0.0107 0.021 1
cRz-qs 0.0000 0.007 | - Qs -Z3 0.5293 0.0106 0.0200
C12- &N 0D.5286 0.0142 0.0269 Cli-IM 0.5274 0.0142 0.0269
z2-in 0.5087 0.0106 0.0208 - 0.02013 0.003 5 0.1724
-1 0.53n 0.0108 o.0ee - 0.010 1 0.003 5 0,464
CRR-2H 0.5286 0.00142 0.0269 -2 0.0000 0.007 1 -
3 -04 0.000 0 0.0 5 p— L2-2J3 0.0307 0.0000 0.0000
CR-as 0.020 1 0.003 5 0.1741 271 0.0203 00035 0.1724
_C3-Z1 03876 0.0107 0.0219 Zn -4 0.010 1 0.0035  0.485
HE /C1 - PG TL IR 2 - MU (LT
More: O] = C. mywss of the Yanwe River population; ZJ = C. mperes of e Pearl River populssion.
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Tab.4 Number of nonsymoenymoms sod sy ey T
subwlliutions for Murd differonos betworn populations

andd pol virerphions within popolstbons
B st
(PP e W) (kN ES)
Fined mte H:lprrnﬂi:-n_
FH L% 2 a
Normynomymon
I L B Synonymos M f

AT S, BT R o 70 050 ) 0 i £

FEM % 0.3% ~1.0% , BETT RN P 88 A48 59 2 (6] 80
MG Y 0.5% —0.8% , 4 {7 6 Y 5 27T pLay >

% 14 B N 9.4% ~ 10.9%., Billington
Hebert! S 4 il I iy MG 1A B — MLE 10% 89K -
Mo Avise* L B — S0 K0 — R H 0.1%
SRR, WA b EFEENN D
RO, M O 00 BB R — R 0% ~
4.06% . BREL M THEMEAYENERNR
L AL L

BEMEN b BEMBREE, EFRIL
% M IL PR SR IT FLRE 2> Wl B9 S LT IR CL R A B
ERAY HAARENESEHRAR S EmE
HAHEN. B, RN EEEY NS TRC. W
0 D loop 0O HARIEZ—EN.

KRk AMmEZmEe FneR,
AT R L 1) T 0 e T L B
G R S, T R DA 1
G E Fd b B d P iR Filak ) Tids)
FARMTE SRR RBANEN, B ARILD
IO ERYY | 689 km, <8090 o iS5 F
W CeFFMY , BT L3 A0 IR 1% 00 S AR 4 o]
e,
1.2 KIAMUSIAMORES ST

BTFRERE(ODRBRBTBIBEA ST 0
BWAPIMIEM ER 0 TESHE. «~ B —T0EN

MICERENE. ANEINERBRIIINEN «
(5B % 0.677% 1 0.573% , MW A m ik &
miDNA K F AR XA RICER,
e R ERETR BN,
U IS T YR L, o T4 8 80 5 9 I A o

PO ¥R R MM, S BN FEEY KR
AL, AN TR A RN E RS,

R, o TR AT i B ME
AHTRME KM E R, LRI RNS R
BN RERLR W B SRR R

09 T2 P B O R R R
A0 5] O 50 U 0 R R, L LA R0

CLDIE - 20T

BT R BES T U MRS
TR, o O 6T A B,
WL SN, SN, R
R0 0 00 LN R IR B VIR G B R YR

HTHREMIEM. SiTaNessEeLoRran
NESE 2 4 i1 UYL h , (6t 30 8 16 4 B0k P00
RICEWN,

3.3 DNAXFAMRRERODEN

TE 53 7 1 T PNT Rk 0N 0 PR Y, AL
SR REN D - TIHEANH N, ALRNY
Mee T A MEMOER AR RRCERE, i,
AWM T AME MR G MBS DNA K

YERPRAEN. FERAM R ERN 280N,
K, /K i MK 8. —8BEIR. KKk

T 1, 8 O] Y € IE 1) 25 7R SR (Positive selec-
tion) s /T | INIRIR T REAF 7€ LR 3 (Negative -
lection) S8 ™ Purifying selection: % T 1| MEWK
(LA B R, P HE R L 09 (Neutnl sie). MK
000 A 00 ] (A AP O] ) R AE PN I,

MK R SRR, RN, R PR
UMY . A R SR R, R
SN R RG R W, LR

SN E.

SARAREN, K, /K S5 T RT3
T K8 T 0 XEITWN), W MK BRH G Y
6.715(P<0.01), RREREK. MHRRARDYK
] A8 A T RN e (T SRR O R R E R

ARPETEEEE.
MEEEGELLR S, RTERRENER

BeRfH. RER, REEEGENEN T
SRMIEE G HLR BN REAN. GNE
Ko REBRWEASNESRSHEARNIH
EAZ - RARATP MR FERENTRR
et R4 e L LS STy
WS, o G5 TR E {2 NE LRI,
—BAENMIRERE, BLAZTAIRENE
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Genetic diversity and evolutionary characters in two populations of Coilia mystus
inferred from cytochrome b gene segment sequence of mitochondrial DNA

CHENG Qi-qun'* #, HAN Jin-di', WANG Yun-long', LU De-nr

(1. Key Labomaory of Marine and Estuarine Fisheries, Minsury of Agnculiure, East China Sen Fisherves Research Insituie, Chinese
Academy of Fishery Sciences, Shanghai 200090, China: 2. State Key Labortory of Genetic Engineering. School of Life Sciencm,
rmtitute of Genetics, Fudan University, Shonghai 200433, Chira)

Abstract: Coilia mystus is distributed mainly in the northern Indian Ocean and the western Pacific Ocoan,
extending castward to China, Kores and Japen, and Southward to Indonesia. 1t is classified into genus
Codlia (Gray, 1B31), Engraulidee, Clupeiformes. Some differences maybe exist between different popula-
vons of C. mystus due w isolation and adaption. The great morphological differences between two geo-
graphical populations of C. mystas, Yangtze River populstion and Pearl River population, were revealed
by multivariate analysis. In general, fishes demonstrate greater variance in morphometric traits both within
and between populations than other vertebrate, and are more susceptible 1o environmentally — induced mor-
phological variation. Thus, it is necessary 10 reveal the differences between different geographical populs-
tions by using stable molecular markers.

Grenetic diversity and evolutionary characters in two populations of Codlia mystus . Yangtse River pop-
ulation and Pearl River population, were investigated at the mtDNA level in this study. A total of ten fish,
i.e. , five fish at each site, were collected. Sequences of cytochrome & (cyth) gene segments amplified by
PCR was used. Fourty-four varisble sites were detected, acoounting for 11.5% of total sequence. Genetic
distances within the Yangtse River population were between 0.3% and 1.0% , within the Pearl River pop-
ulation were between 0.5% and 0.8% , and genetic distances between Yanguee River population and Pearl
River population were from 9.4% w 10.9% . The large genetic distances between these two populations
suggest their divergence maybe arnved at subspecies level, Five different haplotypes were detected within
Yangtee River C. syares and four within Pearl River €. mystus. The haplotype diversity index of
Yanguee River C. mystus and Pearl River C. mystus were 1.000 and 0,900, respectively. The nucleotide
diversity of Yangtee River population and Pearl River population were 0.677% and 0.573% , respectively.
These indexes suggest that these two populstions of C. mystus are sbundant in genetic diversity.

Two methods, K,7K, test and McDonald-Kreitman test, were used to detect il natural selection oper-
ated at DNA level during the formation of divergence between these two populations. Significant results
were revealed by the two methods( the mtios of K,/K are all less than 1 and the G value and P value of

MK test is equal 10 6.715 and (0.009 56, respectively), and it suggests that natural selection operates on
this gene during its evolution. The cytb gene is an important gene in mitochondrial DNA, and severe dis-

eases can be caused once the nonsynonymous substitution happens in this gene. Due 10 natural selection, the
individual which has this dumaged gene can not be fixed in the population and was removed from this popu-
lation. Thus, it is reasonable 10 observe the action of natural selection. [ Journal of Fishery Sciences of Chi-
na, 2006, 13(3) :337 - 343 ]
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