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Study on genetic structure in different body colour populations of Siniperca chuatsi

WU Minglin'?, CUI Kai'?, LI Haiyang'?, JIANG Yangyang'~, JI Suofei'?, QIAN Kelin®
(1. Fisheries Research Institute, Anhui Academy of Agricultural Sciences, Hefei 230031;
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Abstract: In this study, a method of microsatellite marker was used to analyze the genetic diversity and genetic
structure of three populations of Siniperca chuatsi with three different body colours, yellow (HS), black spot (HB),
and red line (HW). The average observed heterozygosity and expected heterozygosity were 0.540-0.687 and
0.562-0.631, respectively. The results indicated that all the three populations had high genetic diversity. The results
based on analysis of genetic distance, genetic similarity, genetic differentiation index, and UPGMA cluster tree
showed that the relationship between populations HB and HW was closer than those between other populations. The
three populations were clustered into two subpopulations (I and 1) by STRUCTURE analysis. Population HS was
concentrated in subpopulation 1. Populations HB and HW were concentrated in subpopulation II. Most of the thirty
loci showed significant deviation from Hardy-Weinberg equilibrium. The effective number of breeding populations
should be increased to prevent germplasm decay. Significant or extremely significant deviation from mutation-drift
equilibrium was observed in population HW through the methods of sign test and Wilcoxon sign-rank test, which
indicated that the population HW should to be further expanded. In general, the three populations with high genetic
diversity can be used as basic populations for breeding of novel Siniperca chuatsi species.
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(HW) FHBESRER . HS FeHE ST (08 i 5 28 g
AR HW BB B0 U S B S B A 20 14,
HAb AL LRGN HS & HW HBE6RER H
ARAMHMES, HERAESTE R, WHENE, AT
—EREE LI TN E .

AT, MR T E A AR IS, B E
FRE A (R A% R 1 ORUE I B AR MGURI T 8 (1) 2 22
SLA, A7 L BT 3 MG IEAT B A ZAETEDE A
MBESTICEARRARBUN B34, 251k
s SCR VR 5 A B SRR, AERIORG R R
Y Sy SN B, M AL o5 R
AT 7T R R A 2 70 T BRI SR S AN [R] F 3
D BT B AR A5 R AT T HS K HW SRR
g TR A AR, H5EIE HB 3 W5 8 1% ¢
RTREA . AWFFUL 3 DMASFR GBS Ny
KIXT R, RAMILED FARCE AR M A RS
AEARIR]) A T8 2 FEAE R BEAR 45 4, IR L PR 1] )
BEACIR AR, MR E0E dh R HTF AR A SR AL A

.
1 MR5R*®
1.1 e

TERAE N TR E e, X — sk A 7
RIAT TR MRS, BT HS K HW 3 M7 I Al
k. HS. HB K& HW sHBEHRHEA S BEHLPEIE 30
FE, BYHUEE % ORAT & H
1.2 A&
1.2.1 A R# DNA s94ei RAMAZHREGATI&
(TIANGEN, DP304) H2HUAS [F] 4 2 5e0 s 5 5 PR 2
DNA, IR A %X (Eppendorf BioPhotometer
D30) s XU mE AR R 41 DNA fI4ifE (260/280)
Kok TG, WIREUY DNA R M EIRKRE 120
ng-uL'lo
122 HI 2354 ZHTFEMN CHRIE 15 5 T
Ealhiki 10 M EESIY (k& D B, 51y
A TAY TR (i) BraIRA R G R.

* 1 BHEHIESFT

Table | Sequences of microsatellite primer of Siniperca chuatsi
RN 517 51(5-3") HEFY FBON IR x5
Microsatellite Loci Primer sequences(5'-3") Repeat sequences Size Tm Accession number
SCo1 ; izgﬁggﬁiizigiﬁgg (TCA)1, 211~309 56 JQ686834
SC31 i?%?{}%i%%c(?(:f (;ﬁ?éiégg (CA)34 206~292 58 DQ487866
SC78 ];ii%(éiéigggiigi‘égéﬁgé (ACAG);N(AC);;  142~182 55 JQ804736
oo ETNTNICTIN o, e o v
oy POOCTICIOEAINTE g s bowne
SCM29 RTEES§;1££$§¥¥EQ§¥¥ii§¥ig(ﬁ (AC),, 95~139 57 DQ789266
somsy  POACICACGTIGICAGITIAICAC o iyt 57 pgrsonn
sowss  BTACACICACCAGGCCANIC (oo o 51 pgrigms
SCM60 Riﬁ%%i%%%ﬁ(%%(ﬁT (ATCA), 271~341 58 DQ789297
SCM66 F: GCGTCAGCATTICTTTGG (GATT)g 213~245 55 DQ789303

R: TTGTTCTTGCCGCTTTCA

1.23 PCR ¥ #42/F PCR MK RESAEFN 20
uL, BAK 10xPCR Buffer (Mg™) 2 pL. MgCl, (25
mmol-L™") 1.2 pL. dNTP (2.5 mmol-L™) 1.6 pL. bF
WEE1(10 pmol- L)% 0.2 uL.5 U-pL™" ¥ Tug DNA
A 0.1 uL. DNA 1 pL, #h78 ddH,O % 20 pL. ¥H
=9k PCR W MFEfF: 94°CAEME 4 min; B 94°C
AP 30 sv Tm Bk 30 s, 72°C4EfH 30 s, 3L 30 4

&3 g 72°C ZEAH 8 min 5Ky M M. PCR ¥
B 8% AL 5 TR M Tk fie B FI2 R UK 73 5 )
THIRAR S, MBI AT,

1.24 #3B%it 554  PopGenel "t 5 2% fir L B
 (Na) BREENLRE R (Ne) MM 245 B (Hod
HIEE G B (He) AR FEES (DO~ BAEM L (D,
34T Hardy-Weinberg “FH#i /3 H7: Arlequin' 45
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FEARIABAE 734 REL (Fsp) 4T AMOVA 43T
STRUCTURE 2.3V #r# i BEA%L: Evanno 21
fl779:11 8 AK {f; BOTTLENECK3 4" 347455
f 3% (Sign test) & Wilcoxon £ 5 #k K & 5%
(Wilcoxon sign rank test) 7347,

2 FRE5HR

21 AFREIFEBEERRHAIEE SO
10 Mt B AR 3 MR A I 45 R (R

2). Na 5 2~10 />, ¥MEN 4.967; Ne /T 1.142~
4.651 28], HIMEN 2.655; Ho /T 0.000~1.000
2 18], ¥ME N 0.623; He /T 0.127~0.798 X [d],
YIE N 0.589; PIC /T 0.117~0.757 2 [d], ¥JEN
0.522,

HS. HB. HW 3 BHA V35 Na 53518 4. 5.4,
5.5; “F34) Ne 7358 2.456. 2.996. 2.514; “F¥3 Ho
43918 0.687. 0.643. 0.540; “F-¥J He 43514 0.573.
0.631. 0.562; “F*35 PIC 735124 0.488. 0.570 0.509.

® 2 3T HBFEEE SR
Table 2 Genetic diversity analysis of three Siniperca chuatsi populations
il P B ARid S8 FE K 2 (Na) A RN FEF K (Ne)

Microsatellite marker HS HB HW HS HB HW
SCo1 5 5 5 2.375 3.482 2.332
SC31 2 2 3 1.980 2.000 2.062
SC78 2 3 2 1.946 1.575 1.142
SC90 4 4 4 2.055 3.243 2.036
SCM19 4 10 8 2.329 4.651 4.018
SCM29 2 6 8 2.000 2.394 3.000
SCM54 7 7 8 4.206 3.232 3.297
SCMS58 3 3 5 1.665 1.665 1.701
SCM60 7 7 7 3.315 3.659 2.675
SCM66 4 7 5 2.687 4.063 2.880
¥ A 35{H Mean within populations 4 5.4 55 2.456 2.996 2.514

(8] 3{H Mean among populations 4.967 2.655

W% 5 JEE (Ho) WA G S (He) ZEFEREEPIO)

HS HB HW HS HB HW HS HB HW
0.333 0.500 0.467 0.589 0.725 0.581 0.505 0.667 0.533
0.833 1.000 0.800 0.503 0.509 0.524 0.372 0.375 0.398
0.833 0.400 0.000 0.494 0.371 0.127 0.368 0.309 0.117
0.400 0.567 0.500 0.522 0.703 0.518 0.475 0.639 0.466
0.700 0.733 0.800 0.580 0.798 0.764 0.508 0.757 0.722
1.000 0.733 0.600 0.509 0.592 0.678 0.375 0.540 0.618
0.933 0.733 0.633 0.775 0.702 0.709 0.729 0.666 0.657
0.467 0.267 0.467 0.406 0.406 0.419 0.332 0.332 0.384
0.700 0.767 0.700 0.710 0.739 0.637 0.658 0.695 0.602
0.667 0.733 0.433 0.638 0.767 0.664 0.552 0.716 0.588
0.687 0.643 0.540 0.573 0.631 0.562 0.488 0.570 0.509

0.623 0.589 0.522

22 ARG R ASEEH D

3 AMEERNE] DT 0.046~0.129 2 J8], T4y
T 0.879~0.955 Z [A](% 3), Fgr /T 0.019~0.073
Z i), FEFE (Nm) AT 3.185~13.076 2 [i] (&
4). AMOVA 7347 B, 4.91%380 4538 53K [ B4 ],
95.09%35 %A% 7 oK H B AR N AR TR g A8 0k (3R

5). UPGMA R2EM Box, HS BEABIMEZE, HB.

HW AR R R —2 (B D,
iz FH STRUCTURE #1143 47 3 AN BEAA ()8 4% 45
¥, LK)BERE WHEEL K RIS AS 3], Joikmf e &
HHE (B 2A), MY K=2 K, AKFEHRK
(B 2B, #EM 3 MEEARRT 38 2 AN RE (B 3D,
Horr HS B 93.3% AT N TR 1, 6.7%H14
PRI 11; HB #EAH 20.0% 1AM A TR 1,
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80% I /MAH MRS II; HW BT 6.7% 1AM
FEFET, 93.3%KAMAVT A BE 11,

&R 3 3 MEMEEEAE Nei's BISHAMNEJ, A% L)F
BEEE DA MBET)
Table 3  Nei's genetic identity (/ , above diagonal) and genetic
distance (D,, below diagonal) among three Siniperca
chuatsi populations

Populations HS HB HW
HS 0.892 0.879
HB 0.114 0.955
HW 0.129 0.046

4 Hardy-Weinberg “Fffif (P>0.05) 756 71,
A 23.3%; 3R 2 Hardy-Weinberg “F-1 1]
BLSAE 24 (P<0.05), (HEEH 6.7%; B3 w
% Hardy-Weinberg V7 A7 s 21 4~ (P <0.01),
H U 70%.

& 4 3NUEEREHKE -G E(Fsr, A% T)RMERR
(Nm, iRtk )

Table 4 F-statistics (Fs7, below diagonal) and gene flow (Nm,

above diagonal) among three Siniperca chuatsi popu-

2.3 AERE B RELAR Hardy-Weinberg £ 4
TP AL 5 Hardy-Weinberg “F4# x? Ky 3o %
AP (K 6). 30 M (3BAX10 A5, FF

lations
Populations HS HB HW
HS 4.265 3.185
HB 0.055 13.076
HW 0.073 0.019

& 5 3 MEWEREHARE AMOVA 24
Table 5 AMOVA analysis among three Siniperca chuatsi populations

28 KR H SEA AR EFiES
Source of variation DF SS Variance components Percentage of variation
BRI Among populations 2 24.178 0.152 491
AP Within populations 177 522.033 2.949 95.09
AR ST Total 179 546.211 3.101
S 3 P RARRRBA N AL S8 (R 7). 78 1AM &
i W, SCM19. SCM29. SCMS58 sl Hp<Hggs
1 " KR Hy>Hyor SALSERARLE . 78 TPM
P

1 UPGMA B4
Figure 1 UPGMA clustering tree
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2.4  EK M REH AR TS 0 A
FHMEEE 3 AR 10 ML S 7E ITAMLTPM A1 SMM

%K, SCO1. SC31. SC78. SC90 i £ Hy> Hzp»
HARAL S Hp<Hpo, #ALRERAEZE. /£ SMM
BT, SC31. SC90 7 sl Hp>Hpo, HARALEL Hg
<Hgp, SCM19. SCM58 fLpiZE R ¥ (P<0.05),
SCM29 i i ZE 5t 22 (P<0.01).

1.00
080
060
040

020

000 T T !
BS HB HR

PRI AR A AN R A8 A LR . K0 (RO LR
[ Byl
Two colors represented two different genetic clusters.
Gray represented cluster [ ; White represented cluster 1[I
E 3 3 MEEREHATE K=2 ETRIEESEN
Figure 3  Genetic structure assumed in K=2 for three Siniperca
chuatsi populations

25 AR EBEFEHARRT-EBEE SR
PRI A Wilcoxon fF5 Rk Ias R (R
8). £ IAM #i:\ N, HS. HB BRI H 24 &,
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SHMEE: SRR HBER (Siniperca chuatsi)BEARIS AL S5 FIHE 5T 933

HW BRI EAE, HW BHATERT 51656 b 5525 W
BRAREAL AT . £F TPM BT, HS BEfA &t
F, HB. HW FAE/R—ERENAEANE, HW

Wilcoxon 145 Bk GG b 2 25 i 120 R AR - A% 1
i, £ SMM U, 3 BFARRIB RS AL,
HW BHALERF 5 K5 [ Wilcoxon £ 5 R IR 46 )

RERAERT SA 00 h 35 W B RS- TR, A2 AR IR B R AT 1A

* 6 FRIEBREP
Table 6 Chi-square test for probability value (P)

B R AR P
Microsatellite marker HS HB HW
SCO1 0.000™ 0.000™ 0.000™
SC31 0.000™ 0.000™ 0.013"
SC78 0.000™ 0.929 0.000™
SC90 0.000™ 0.000™ 0.000™
SCM19 0.000™ 0.000™ 0.000™
SCM29 0.000™ 0.249 0.003™
SCM54 0.000™ 0.000™ 0.000™
SCM58 0.791 0.178 0.577
SCM60 0.000™ 0.000™ 0.000™
SCM66 0.871 0.012" 0.058

VE: *+FREFE MBS Hardy-Weinberg P (P<0.05); #*+3RNH T 2 w2 Hardy-Weinberg “F1#1(P<0.01)
Note: * means significant deviation from Hardy-Weinberg equilibrium (P<0.05); ** means extremely significant deviation from
Hardy-Weinberg equilibrium (P<0.01)

® 7 3 MHBFEHANIENM RIS

Table 7 Bottleneck test by microsatellite markers in three Siniperca chuatsi populations

MR IAM TPM SMM
Microsatellite marker g Hgp DH/sd P Hgo DH/sd P Hgo DH/sd P
SC01 0.643 0.529 0.731 0.272 0.597 0.380 0.435 0.667 -0.276 0.304
SC31 0.510 0.327 1.031 0.198 0.393 0.702 0.320 0.467 0.326 0.445
SC78 0.423 0.324 0.549 0.367 0.398 0.150 0.480 0472  -0.358 0.282
SC90 0.598 0.444 0.904 0.198 0.514 0.580 0.327 0.591 0.067 0.429
SCM19 0.730 0.737  -0.068 0.361 0.800  -1.282 0.102 0.845  -3.536 0.011"
SCM29 0.659 0.709  -0.469 0.244  0.774  -1.767 0.059 0.825 -4.310 0.006""
SCM54 0.740 0.665 0.602 0.337 0.744  -0.051 0.408 0.801  -1.321 0.097
SCM58 0.413 0.516  -0.644 0.247 0.591 -1.384 0.110 0.669  -3.130 0.011"
SCM60 0.702 0.631 0.556 0.344  0.704  -0.017 0414 0.773  -1.372 0.095
SCM66 0.700 0.630 0.529 0.371 0.705  -0.056 0.397 0.771  -1.330 0.095

7: DH/sd 78 Hp 5 Hpo W7 ShRfER 252 s #3RR Hp 5 Hpp 72 5 W35 (P<0.05); #+ 38R Hy 5 Hpo 725 235 (P<0.01)
Note: DH/sd means ratio of deviation to the standard deviation of Hy and Hpy; * means significant difference between Hand
Hpp (P<0.05); ** means extremely significant difference between Hyand Hgp (P<0.01)

* 8 3INMOEHRERE-EHTEIN

Table 8 Analysis of mutation-drift equilibrium in three Siniperca chuatsi populations

. Sign test Wilcoxon sign-rank
# ﬁ% IAM TPM SMM IAM TPM SMM
Population
Hg/Hp P Hg/Hp P Hg/Hp P P P P
HS 6/4 0.463 6/4 0.525 4/6 0.233 0.084 0.492 0.625
HB 6/4 0.553 4/6 0.200 3/7 0.061 0.492 0.625 0.131
HW 2/8 0.019" 2/8 0.016" 1/9 0.002"* 0.084 0.005™* 0.002"*

TE: Hy/Hp FoRB AN S AR RE L ; «RoR B2 B RALER T (P<0.05); #xRo- M i 25 i 1 RS- AL T
fii; (P<0.01)

Note: Hg/Hp means ratio of loci number with heterozygosity excess to deficiency; * means significant deviation from muta-
tion-drift equilibrium(P<0.05); ** means extremely significant deviation from mutation-drift equilibrium(P<0.01)
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BR R 2= AN BN YAE B2 I R AR Ak . FEAE S, B
FN G A R A R PR RS AT N T 375
R %, I B 5 MU AN R e B4, 4
LB el kO et =g Tl ik
rh A g B USRI ST T B M R [ £ AN
23 N THE MG IR, B T BA AN FEARE
PIRURSSACTEAAR o X 3 ANAS [ (2 G S ) e
2 Jst Al Z AT T, A BT N e M &
TAERITTRE.

SRR (N REE (D RIHGEEZ
FEPER EZR bR, (ks U2 2L E
N, HEE 2T . 2P 3 MR
WEBRIEA T 14 Hoy “F¥J He ¥KT 0.5, UibH 3 #
52 B PR B A PR, CRIFE B BE % 2 R
JE ML B 2 R 8EE H I HREE R A B R, H
RO R R R, BHAB AL BT IEK, —
e AR ) KR i ) % 5 Lg% 2 FE 1
BRAKIPO2), HS K HW FHMEHE T4 Fik, LR
EERUD, NEER R B ARETH M i s E 2 R
PERRAR. 3 MAREFHMEEREERT-Y) PIC 7£ 0.488~
0.570 2 [a], J&T &Ll 2450 A As (g
22 S AN W L 2 4l RN A5 A I IR EE 4 AT R AR
HIIE RIS KR, R E R R R T
FENZEME. NTIEE—H e FEusE 2k
FEAR, 7 — AR Tk B B R E aif, 2
B RERATH R TR e, WEBARKTE, 34
R E Z R S, BAE—DEE g .

Dy I+ Fsp Nm 2 BRI 8L 5 W1
HEZH . HS 5 HW BMESRRHANR D, &K, 1
i, AT DL MMEERTE N T s e ik d F, e
E [ AL A, B S R AR E R, 2
AN €872 S AR T 1) AN [R] 38 4% 5 ) K« HB
5 HW FMESREERIA) D, B/, TR, HW S5
FERAR OB KR8 5 HB RS, PR ) i
AR AIRAL. Fsr 20T K3, HS 5 HB. HS 5
HW BEfRE] For>0.05, J& TR M2k, 1M
HB 5 HW BEAK[A] F5r<<0.05, ML FERE B 7] I,
S FHMEHFAE A T N AR, 07 5L kA B
H, BECFRRERI R, IR R AR X ST
A, T HW AR 58 42 2040 SR T B R A
AMOVA iR BoR, 3 BRI R E TR A
TERER PN ASPRIED, X AT B S5 BE AR A HE A £ %

H RO S5, B ) S FEAE XS B 3 A % . UPGMA
FEM IR, HS FUME SRR AL T B — AN o
X, HB. HW ##A5EJy—2&. STRUCTURE #f 5Tt
K, M K=2 0, AKHEK, HS MBS+
HEAMEJETRAR T, BALES AL 1 HB
HW M HE AR R B 2 A8 TR I, AR
FESERIFL, 2 A4S RS UPGMA 73445 R AH—
B NP IEAFFRMAI, EFEE EA R AR
BER BRI, MASAMaP B N—2k, ®
PELL B A r Bp B g — 2510,

M FERALL T Hardy-Weinberg “Fflifi, #2547 3
R 3 AR A AR R B 1. ZBF T, K
7 A% 32 25l 25 Hardy-Weinberg “F-1fif, X7 B8 A2& H
TAUKFEAR O R R R o A R a1k & 155 A R
I RS FEAS R o M i B Fh o A2
NIEINE MR SCR, WM E s, Brik
BMBEAR IR . & TSRO R, Ak
ENLAL AR AR S & 1 (Hp) LR FE
PR ARYE AL R EOT E R G (Hep)
KB, 7E IAM. TPM Hl SMM 3 Fl A5 MR H T,
MR E/RFS TPM B, o] H TR AR R
FRRIHTEY, 78 TPM BRUMBR R, K2 Hh
Hp<Hpgo 7MW 844 048 S 1) 5 W) e B TAERINIFF
&, EHEREAR, 3 FEMARS TSN . B
PRACAE IEH W RAS - PATPIRAS B R f 2
B AN AL FE IR AL . 7E TAM. TPM Al SMM
3 FhRASRRUAR T, HW SISO 35 2 0 4t
GBAR, BB e RS-, RE S
HMsERD, MERERE R, FE—2P K
b=t 27,

T 1 3 AN AS R 4 E5el s A A 82 A%
R E R FRER . TFRER: 3 MR Eng
A AR IR B R B AR 2 AR, (E Ak
BT 55 Hardy-Weinberg “FH# LS, Nift—54
KIEERER; HS MBI R e, ¥ %, hf
FRIERA ., 58 HB MM LR R S . %0
TR 2 A AR 2 IR TE 9T 5 T R SR AR BE R A3 I
SEETE S

B3R
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