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DU ZR IR AY 158 4l (158) . 170 #alX(170). S35
¥l (S35). S38 ¥l (S38). =11 (SM) Cl15
Ui f(C15), 3140 MK, 6 A FRFEFEAR AL 2 Fe
A3k HYLRANZR(RD) . Y1703 4R (QD) . il A+
I(ZS). Wi ZRIL(XS) ., &7 (ND) Fil 4 2 %
TL(LY), 3196 AN S K A RE il SR A b A o A1
DUEEL 1, S REAR TRIFR DL SRR S 26 B REAR
B H FERAERT R 255 BULER 1, RS FHUKAS A
i 9] S 06 % J5 S BV = AR TS SN, BT

113° 114° 115° 116° 117° 118° 119° 120° 121° 122° 123° 124° 125° 126° 127° 128° 129°

IR VKA DR AE, T TASSES0 BT 55 DNA HY2H,
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Fig. 1 Sampling sites of Larimichthys crocea in East China Sea and the Yellow Sea
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Tab. 1 Sampling time, sites and numbers of Larimichthys crocea

X LS R $th S GLhE ORI [H] AR
sea area population sampling site latitude and longitude sampling time number
RD TLIR AR Jiangsu - 2013.12 39
QD LB % Jiangsu - 2013.12 20
U M FE R R VA WiyT S+l Zhejiang - 2013.12 30
the cultured population XS WL 1l Zhejiang _ 2013.12 34
ND WETE Fujian - 2014.5 37
LJ & @ EIL Fujian - 2014.5 36
Cl15 Cl15 27°30'N 121°30'E 2013.6 8
SM =[1¥% Sanmenwan - 2013.6 9
AR B R A $35 $35 30°30'N 122°15'E 2013.6 5
the wild populations of East China

Sea S38 S38 30°30'N 123°00'E 2013.6 7
170 170 ¥#4[X region 31°~31°30'N 123°~123°30'E 2013.10 7
158 158 #faIX region 32°~32°30'N 124°~124°30'E 2013.9 26
HE A T LS Hili Y Lisi - 2013.11 35
the wild populations of Yellow Sea 142 142 ¥4 [X. region 33°-33°30'N 123°30'~124°F 2013.10 43

(0.2 mmol/L), TG4 1 pL(0.2 pmol/L),
Tag plus DNA &0 1| UMW A _LifgE T AR AR
H IR A, B DNA 50 ng, JITXGE/KZE 25 ul.
PCR ¥4 & W #£ AG-22331 % PCR {¥(Eppendorf)
AT, RN A 94 CHARME 5 min; 94°C 45 s,
52°C 455, 72°C 555, 36 DM 72°CLEH 6 min,
PCR =145 EB 11 1.5%35 e R I v, T AG:
Al UNIQ-10( A= T A T REA BRA wl) A 4l
ik g alifth, difbr=9ik = gAY H AR
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PGP LR, #7814 NCBI %L
i FE v i AT BLAST [R) A W0 o DA, P58 &
Clustal X 1.83"2%} 55 #E4T 4 i HE T M IE . R
f DnaSP 5.1 B RS AL SR 28
NS E(V) . TI2E BALSE(P) . HAE T 2 REPE
(Hy) . TR 2 FEVE (o) R 242 1 R 22 57 B0 (K) %%
ZH, I MEGA 5.1 B SRR Py K 9
BRI st G IR, IR AR A i S E R
BORI(K-2-P R AR s Z 1 2, FH UPGMA
VR A AR R G LW ] Arlequin3. 1 )
T 58 T 9 B AR R) A a8t 1% A3 Ak 4R BU(Fy), R
AMOVA /AT HE U N B AE AR ] 1) 382 4% 25 40 1 43

TI7 22, IR 1000 Y E AEREAE Fo 2
P, H Network5.0 #E"h /i) Median-Joining
DA BRI 2 ] P R 265 DG R A

2 #RE5HH

21 COI EEFII4HE

KEMN COTIFHI PR E 1, EEcd
KK /N R 700 bp ZE47, DT 3kAS 140 A~BF AR
AEFT 196 DNFRFANRR CO 175 o 28 LR S
EJE, REHFAITIIHE 621 ML, AR
P 38 AN 2), SR 6.1%, Hip iy
5 B 234, BRSO S 154, I AR S0 5
B e sl mide, HEGH 0 2 THi, kS
Hi 1) LU A Ry 8.5 0 XY AR 5 SR FE AR 20 il 647 43
Br, BFARER CO 1 HEPT I 38 NAE A7,
AR S ) 100%, BH3E T, C. AL G UFE
RN 27.2%.30.7% . 22.4%F1 19.7%, (A+T)%
H 49.6%, (G+C)% N 50.4%; FEHEREA CcO 13N
FEAAL S 8 NS A A, 7 BVAE A6 AR 21.05%,
HIX 8 ML ¥ 24E AL, BiJE T, CL AL
G SR8 5390 h 27.2% .30.8% .22.4%F1 19.6%,
(A+T)% N 49.6%, (G+C)% N 50.4%, BfA: 5 FE5
BEIRRY CO 1T A B4 i B A — 3,
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Fig. 2 Variable sites of mitochondrial CO [ gene for Larimichthys crocea
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(% 2, GenBank % 3¢5 4: KU587520-KU587553),
HAERIZREM N 0.587, BAFRRZ RN 0.00194,
SRR RN 1.206, X HAFH 20 AR
RS BAAS BRI S 0 FRLAE BY, J) A 14 D BRLAS BUBE
PN A HEA A AL FA% A Hapl 2 &4
R Z W EAE R, TR S38 HEIRSN, WiHAR
13 DAL=, 2 A B i AR v o 4
XS, REEARRY 63.39%((213 MA), Hik N
A S Hap2 19K, S04 7E 7 AHEA 27 4>
AR, FEFRFEBEAR, YLIRANAR R AR RO
TLRTARIL . BRIl 4 AT R TR ARS8 R Hps Y
Hapl, 7N H 508 BE AR M i 4l o i e B A

AT, AR PR E 2005 4 Fh,
P HEA 142 XA 43 MERIEE 19 DS HAGRL S
A AR RVB U 2 AR, RGO BIRE R, =
A 17 DA, KPR FER Y Sy v i S ) B
Ao BEAh, A HEMRERAS Y Bl 43 LE AT (] 3),
HfERY Hapl 75 FR5HEFF A B AR g ) B A h 1
G RS ERAE R, SRS T 40% L) L, T
BUEIY 142 I EOUHEAR, A5 Hapl Fr i L4911 4]
FEARK, ANFEFEL RS AR RN 2, FLAY
RUBCH Z2 HAr AR 40, o B Y R B fh
FE A LA 550 3 A B T SR

MR B 0 BER (R385 ZREHESE (R 3) T4,
K 14 DAL AT Z RS 50(h) A 0.000~
0.952, ZHMRZHMEFEE(7) 4 0.00000~0.00470,
b WP A BEAR B SRR R 2 AR R B 0,714~
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Tab. 2 Distribution of haplotypesin Larimichthys crocea populations of East China Sea and the Yellow Sea
gAY FEFEREIR the cultured population WA BE{K the wild population i

haplotype  RD(39) QD(20) ZS(30) XS(34) ND(37) LI(36) C15(8) SM(9) S35(5) S38(7) 170(7) 158(26) LS(35) 142(43) total

Hap_1 39 20 30 34 21 29
Hap_2 12 4
Hap_3 3 1
Hap 4 1
Hap_ 5 1
Hap 6 1
Hap 7
Hap 8
Hap_9

Hap 10

Hap 11

Hap 12

Hap_13

Hap_14

Hap_15

Hap_ 16

Hap 17

Hap 18

Hap_19

Hap_20

Hap_21

Hap 22

Hap 23

Hap 24

Hap_25

Hap_26

Hap_27

Hap_ 28

Hap 29

Hap 30

Hap_31

Hap_32

Hap_33

Hap 34

3
2

5 2 4 13 8 5 213
1 1 2 5 27
1 1 1 4 2 13
1 3 3 8
2 3 6
1 1 3 1 8
1 1 1 5 6 15
1
2 2
1
1 1 1 1 1
1 3

—_ = e = e e N = N

1
1
4
1
5
4
2
1
1
1
3
1
2
2
1
1
3
1
1
1
2
1
1
1
2
1
1

—_ = N = = =

0.952, B HRZFVEFEECH 0.00184~0.00470; F
BRI B T ZREPE R 0 0.000~0.581, %
R ZAEPEFEE N 0.00000~0.00132, BAfH I S AEPE
EECRT 0.9 E@ﬁﬁ:ﬁ 445, B 142 X B
S35, S38 BEMA, fmhYSe S38 BEIAK, A {H M 0.952,
AT IR Z 4 m‘aéﬁﬂm (R PR BE A Sy BT Vi B Y
BRI, BD 142 R SRR, o {H 55124 0.00455

0.00470, FASSEAOL I Z BN 142 IKBEA,
24 NERALEL, SRR 63.16%,
PIRAT TR S B i W AR 142 KH
WUREMAR, 2050 2.828 2 2.921, Lk 45 REMH, K
WA AERHAN B Z N FEERERES T
FRPARERIY, W7E R AR D LAY 2
R AL ZREVERR B e
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Fig. 3 The CO I gene haplotype percentage of Larimichthys crocea in the populations of the East China Sea and the Yellow Sea
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Tab. 3 Genetic diversity index for 14 populations of Larimichthys crocea in the East China Sea and the Yellow Sea

LS A AR AL, HAGEI%H AE R 3 EZERES TR TRAL S HK

population number of samples variable site number of haplotypes haplotype diversity nucleotide diversity average number of nucleotide

RD 39 0 1 0.000 0.00000 0.000
QD 20 0 1 0.000 0.00000 0.000
A 30 0 1 0.000 0.00000 0.000
XS 34 0 1 0.000 0.00000 0.000
ND 37 6 4 0.581 0.00132 0.820
LJ 36 7 5 0.346 0.00086 0.537
C15 8 9 5 0.857 0.00391 2.429
SM 9 7 5 0.722 0.00250 1.556
S35 5 5 4 0.900 0.00322 2.000
S38 7 7 6 0.952 0.00383 2.381
170 7 4 4 0.714 0.00184 1.143
158 26 16 10 0.728 0.00309 1.920
LS 35 22 17 0.921 0.00470 2.921

0.946 0.00455 2.828
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23 BEEEEN

KB R Y SRR R B G R B L 4. A
AR Ay, KEMBHANMBIEIEE A 0.0000~
0.0047, T P HEIA ] ) 18t 1% 15 25 2 0.0000~0.0046,
NSRRI T N Pl = B L £ N W 5
0.0047, BERMIEGHE B K2 BINS 142 #
K, HABN 0.0046, MFEFH 5 57 AL P R B 34T,
FEPH AR P I [E] A 38 A2 E 85  0.0000~0.0011, 3
B R B A RN T8 5 VLA B AR A R
] F14 5 A% BE 25 4 0.0022~0.0046, 1515 FE 85 5 K i1

PR B F K- (P<0.01), T35 3 AFRAH
IR . T8 R VLR H S0 B A A S )
BB W AL MK . A, TR REATE
FRIARER T LU R R, SHAL 5 DIRBERHAHAE
TR N T E A R

X REAAR 8] 35 A% 48 S5 00 40 7 25 53 B R FH P b
KW (K 5), —FMIEREIE 14 DRHAE I —
ARARDEAT 0T, S5 RWIR, ok BRI AR R
TURR T R B KR imt 25, AR
94.75%, BEARI]M)EE L HEECH 0.05251, 257

R I 3 KA (P<0.01) o 53 A —Fh 7 ik R f H 4y
B A T A A BT o0 b, FRAE S B A
AR ] a8 A% e AR 2O 0.04982, 5 S8
1) 4.98%, 2254k 35 (P<0.01), 41N AR ]
WAL ALAE BN 0.01539, 25 5K B3 (P>0.05),
BRI B AL AL 8 80 0.06444, 5 B8 7Y
93.56%, 2= 5:Mt i #(P<0.01), HiLL 455 A5,
RH AL A S 2Ok H FRHMA N, FRa A
(i) i B A AR R (RN A7 7 S35 st AL oAk, 1T 3R
P A R R A7 A B s L oAk

R TR Ml I 3R 5 A A 2 ) Y 3 AR A A
223 T B A 2 ] () I 45 5 2 L (& 4o p TR AT

F BN 142 BEA; FR58 5 5 A BEAR PG RG] 1) 5 1%
FEESA 0.0009~0.0032, imtfL iR B KA T8 5
EEHAR. AR AR FHULZR I 4 AFRFERAA
ZIRIARAEIR B 0, 76 8 ANEFAEREA, 170 BEfA
53X 4 AN FRFE R AR AL /E 2554 0.0009, AT

R A0 P 9 AR ) A 15t A% L R B Fu(GR 4)
-0.1011~0.4827, RFARHAREIN Fy (0-0.1011~
0.0298, FEFHAFIRMEIAY Fo {H M 0.0000~0.2067, #
H 5 B A AR E] Y Fo {2 0.0047~0.4827, X} Fy
HIEAT 22 5 B TR I, 25 R R R A 1Y
FH . AR B B 5 A B AR B 5 AL 1k

*4 FEEEBRAEGZHAEMERSLRABFHT AL DFBHERNGT AL, B
BEAEBAREG AL T)RIREES
Tab. 4 Thefixation index (F«) (above diagonal) among populations, genetic distance within populations (diagonal bold) and
among populations (below diagonal) of Larimichthys crocea in the East China Sea and the Yellow Sea

GHEZS

population
RD 0.0000 0.0000 0.0000 0.0000 0.2067" 0.0375™ 0.2940™ 0.1993™ 0.4827" 0.4208"" 0.3042"" 0.0631"" 0.0926" 0.0578"
QD 0.0000 0.0000 0.0000 0.0000 0.1487°" 0.0096 0.1643"™ 0.0956" 0.3093" 0.2670™ 0.1665" 0.0246 0.0529" 0.0280
VA 0.0000 0.0000 0.0000 0.0000 0.1815™ 0.0263 0.23917 0.1547" 0.4135™ 0.3576™ 0.2462"" 0.0470™ 0.0759™ 0.0457"
XS 0.0000 0.0000 0.0000 0.0000 0.1930 0.0316 0.2647" 0.1753™ 0.4465™ 0.3874™ 0.2732"" 0.0545™ 0.0836™ 0.0513"
ND 0.0008 0.0008 0.0008 0.0008 0.0013 0.0448" 0.0153 0.0277 0.1327 0.1271" 0.1243" 0.0452" 0.0603"" 0.0430"
LJ 0.0004 0.0004 0.0004 0.0004 0.0011 0.0009 0.0609 0.0047 0.1206 0.1696™ 0.0563 0.0084 0.0462° 0.0234°
Cl5 0.0020 0.0020 0.0020 0.0020 0.0025 0.0023 0.0039 -0.1011 —0.0870 —0.0361 0.0125 —0.0282 —0.0445 —0.0431
SM 0.0013 0.0013 0.0013 0.0013 0.0019 0.0016 0.0029 0.0025 —0.1010 —0.0267 —0.0049 —0.0537 —0.0508 —0.0547
S35 0.0016 0.0016 0.0016 0.0016 0.0023 0.0020 0.0033 0.0026 0.0032 —0.0140 0.0180 —0.0588 —0.0553 —0.0520
S38 0.0021 0.0021 0.0021 0.0021 0.0027 0.0024 0.0038 0.0031 0.0035 0.0038 0.0298 0.0085 0.0249 —0.0124
170 0.0009 0.0009 0.0009 0.0009 0.0018 0.0014 0.0029 0.0022 0.0025 0.0029 0.0018 —0.0267 —0.0024 —0.0260
158 0.0016 0.0016 0.0016 0.0016 0.0023 0.0020 0.0034 0.0027 0.0030 0.0035 0.0025 0.0031 0.0080 —0.0090
LS 0.0026 0.0026 0.0026 0.0026 0.0032 0.0029 0.0042 0.0035 0.0039 0.0045 0.0034 0.0040 0.0047 —0.0063
142 0.0024 0.0024 0.0024 0.0024 0.0031 0.0028 0.0041 0.0034 0.0038 0.0042 0.0033 0.0038 0.0046 0.0046

s xR 22 57 3 (P<0.05); “** 3R 22 S i 3 (P<0.01).

Note: “*”means significant difference (P<0.05); “**” means extremely significant difference (P<0.01).

QD A XS ND LJ C15 SM S35 S38 170 158 LS 142
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Tab.5 Analysisof molecular variance (AMOVA) among populations of Larimichthys crocea
in the East China Sea and the Yellow Sea
75 e o YR F B2 5 A T 7MYy GIE R L LR AL
source of variation df sum of squares  variance component  percentage of variance  fixation index
AMOVA(K74)
BE{R[E] among populations 1 5.923 0.03266 5.25 Fy=0.05251"
BEMR A within populations 334 196.825 0.58930 94.75
AMOVA(S USR5 5 B A W 2)
ZH [6] among groups 1 5.923 0.03098 4.98 F.=0.04982""
ZH P REA ] populations within groups 12 9.468 0.00909 1.46 Fie=0.01539
BN within populations 322 187.357 0.58185 93.56 Fy=0.06444"
RN 25 F 3 (P<0.05); “F* R 25 74 I 3 (P<0.01).
Note: “*”means significant difference (P<0.05); “**” means extremely significant difference (P<0.01).
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Fig. 4 Median-joining network of 34 CO I gene haplotypes of Larimichthys crocea in the East China Sea and the Yellow Sea
Different colors indicate different populations; circular area represents the frequency of haplotype;
the numbers on the line represent mutations.
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Genetic diversity of wild and cultured populations of Larimichthys
crocea in the East China Sea and Y ellow Sea based on CO | sequence

CHEN Wei, ZHANG Fengying, WANG Jing, WEI Hongqing, JIANG Yazhou, ZHANG Hui, LING Jianzhong,
CHENG Jiahua, MA Lingbo

Key Laboratory of East China Sea and Oceanic Fishery Resources Exploitation, Ministry of Agriculture;
East China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Shanghai 200090, China

Abstract: The large yellow croaker (Larimichthys crocea), mainly distributed in coastal waters of China and East
Asia, is one of the most important economic marine fish in China, and represents the largest yield for a single spe-
cies in Chinese marine net-cage farming. Nevertheless, because of exhaustive fishing, habitat degradation and
high-density aquaculture, the genetic diversity of the species is at a low level, and mariculture of the species is
facing serious challenges from germplasm degeneration and susceptibility to infectious disease agents. Studies of
the large yellow croaker have focused on the comparison of genetic differences among culture populations, and
few of them have reported on comparative analysis among a wide range of wild and cultured stocks. To study the
genetic diversity of wild and cultivated populations, we amplified and sequenced the mitochondrial cytochrome
oxidase I (CO I) gene of 336 samples from eight wild populations and six cultivated populations. The amplified
fragment was 621 bp, containing a total of 38 mutation sites which included 23 parsimony-informative sites and 15
singleton mutation sites. The results showed that the wild populations contained 38 mutation sites, accounting for
100% of the total variations, while the cultivated populations contained 8 mutation sites accounting for 21.05%.
We also detected 34 haplotypes in all 14 groups, and these were characterized by high haplotype diversity (0.587)
and low nucleotide diversity (0.00194). The haplotype diversity index of the wild and cultivated populations
ranged from 0.714 to 0.952 and from 0.000 to 0.581, respectively. The coefficient of gene differentiation (Fy) be-
tween wild and cultured groups was 0.04982, accounting for 4.98% of the total variance. There was an extremely
significant difference (P<0.01), the variation accounting for 1.46% among populations (P>0.05), and accounting
for 93.56% within populations (P<0.01). Analysis of AMOVA and phylogenetic trees revealed that the genetic
diversity of the large yellow croaker was in lower level, and that the genetic diversity in cultivated populations
was significantly lower than that in wild populations. In addition, the variation within populations contributed its
major genetic variation, and there was extremely high genetic differentiation between wild and cultivated groups
but not significant within populations. The large yellow croaker from the East China Sea and Yellow Sea should
belong to the same geographic population, but there is still a low level of genetic differentiation among the two
groups, the genetic diversity of Yellow Sea groups being higher than that of the East China Sea. This study can
provide a theoretical basis for resource conservation and germplasm recovery.
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