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Development of EST-SSR Markers and Analysis of Genetic Diversity
in Five Populations of Grass Carp ( Ctenopharyngodon idella )
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Abstract ; A total of 5 556 microsatellite sequences were found from ESTs databases (45 318 unigenes) which
were constructed from brain, muscle, and liver tissues of Grass Carp ( Ctenopharyngodon idella). According to
these microsatellite sequences, 118 pairs of primers were designed with Primer Premier 5. 0. Nineteen pairs of
microsatellite primers could be used to successfully amplify clear and highly polymorphic products by method of
PCR. These EST-SSRs primers were employed to detect the genetic diversity of three groups of Grass Carp
populations from the Yangtze River System ( Shishou, Jianli, Changsha) and two groups from the Pearl River
System ( Qingyuan,Zhaoqing) . A total of 93 polymorphic loci were amplified and 2 to 8 alleles or 4. 89 alleles
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on average were detected by each primer. The average polymorphism information content ( PIC) ranged from
0.415 4 to 0.460 4, indicating that Grass Carp population had lower genetic diversity; the average observed
heterozygosity (Ho) was from 0.415 8 to 0.501 3 and the average expected heterozygosity (He) was from
0.450 6 to 0.502 8. Changsha group had the highest mean expected heterozygosity (0.502 8), while Jianli
group had the lowest mean expected heterozygosity (0.450 6) and mean observed heterozygosity (0.415 8).
These observations indicate that Changsha group has the highest genetic diversity, whereas Jianli group has the

lowest; F_, value indicates that the populations are lowly differentiated. After applying Hardy-Weinberg

t
equilibrium (HWE) test,several loci were found to be significantly deviated from HWE in five populations. The
dendrogram based on genetic distance (D) showed two major clusters according to basin distribution of Grass
Carp populations: the stocks from Changsha, Shishou and Jianli, which were sampled from the Yangtze River,
were in one cluster; while the other cluster consisted of Zhaoqing and Qingyuan populations sampled from the

Pearl River.
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Table 1 Sampling information of five

populations of Grass Carp

PEGR 24P HE K )

Group name Sample source (ind)
HEF Jianli Wb g T IURK R 26
1 Shishou WAL A8 R R AR Fh g 40
£ Changsha HIEE A DR K R g 36
e Qingyuan JUARAE T I R R £ B A 42
EEIR Zhaoqing IR BRI K A0 B G 3 37

PCR & B0 o 1 e R A= W) B4
AR FI i Foh AR AR R el
WA N EAEA Y H AR R A
1.2 XWHZE
1.2.1 HAh ESTs Tt DEFIIMAR AR5
5% F 2009 AEAEE T R AN LA A2
¢DNA SCFE | RIUARAL B 1581 45 318 4% EST
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P, S 24 51K R 650 bp, A tef (tandem
repeats finder ) # 1 T 51 A #6515 556 4>
A,
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FE 5 UL I XU I T 42 )7 5 R o AR IR BUAE 4
YR LA 1 B = 0 32 ol DU i o AR 4, A 5 1
AT AF Primer Premier 5. 0 JE4751 4% 11, 3K
3 EST-SSR 5|49 118 Xf, 519 SR 4 Y #
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1.2.3  FAEILHL DNA 20 SRR
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BHE A BRAFD) U B A3 28 1) 5 1k $ B £ g
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JECEETH A I DNA i 52 S vk B, DNA {77 T
-20CH&H.

1.2.4 PCR ¥ #40fik  PCR [ BMAEFN 20

wl, %A 10 x buffer 2. 0 wl, MgCl, (25 mmol/L)
0.8 wl;dNTP (10 wmol/L)0.3 wl; b Fi#Eg1 %
(20 pmol/L) 45 0.5 pl; FEK 4] DNA 40 ng,
Taq W ( LR BEERAE MRS A R AR T U,
PCR #4725 4y ,94°C WiAE % 4 min;94°C 30 s,
46 ~56°C 30 s,72°C 30 s,32 MG ;72°C FHAE
17 min, PCR F=# FH 109% 5735 1 58 73 445 L i
BEIE 10 V/em HLUK 2 h,0. 1% R PRAR YL 4, 2%
AL (I HBCHT, & 0.25 g JC/KBRIR
F,2 ml 37% W) 2 HHIUSE , Gene Tools
A XS 1957 T RN TA B

A 118 X #ifl EST-SSRs 5144t
e 19 X4 GFE A5 i T H A 281k
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Table 2 The sequences, alleles of nineteen microsatellite primers and annealing temperature

b RE .
fis A FYTIRTRRIL L A
Locus anerl seql[lence temperature Core motif Size Number of

(5'-39 () (bp) alleles
23460 F. AAGCCCAAAGCCACAGAA R: GCAGTAGAAGAGTGAAAAGCATC 50 CT9 156 ~ 180 6
44049 F. GCTGCTGTCACTCCTAAACTC R: TGAAAGGTCCAAAGAAAGAAC 50 TGTC3 165 ~ 185 3
4703 F. AAGTGAGACTATGCTGATAAAACCG R: ATTGAAACAGATGCCTGCTTG 50 AC10 222 ~276 8
2423 F. CTGTGATGGGTAGATTTAGGG R: GCCTGGTGAGTTGGTATGG 50 GT20 201 ~218 4
5476  F. GCTAACACTCCTTTACTATCAT R: TTGAAACGCTGATTGAGA 50 ATCT6 298 ~343 6

21051-1 F: GGTCTCGTCTTCGCCATCCT R: CCTGCGGTTTGCGTGGTAT 50 TA7 256 ~268 3
12886 F: GAGCGACTCCAGTGAGATAA R: CCAGGATGAACGAACAAATA 52 ATI10 320 ~339 4
40698 F: TCAGCCTTATGCCTTGGT R: GCCACTGAACTGGTAACG 53 GA7 320,324 2
16165 F: TCTAATACTGTGCCTGTTCTA R. CACTTACTTACTGCTTGATTGT 52 AC7 123 ~139 4
4218 F. TGTCGCTCAGTCATTCTCC R: GCAAGTATTGTCAACCAAGTGT 50 GT7 87 ~ 120 6
35939 F. TAAGTAACGCTCCTTGAAAA R. GAGTGTCTGTTTGCCTGTG 51 AC7 198,202 2
23426 F: AAGGAACAGCATAAACCGAAAT R: GGAACCAAGCATCTGAAACTG 48 AC10 253 ~284 8
28973 F. AGATAAACTGGGGCGGC R: TGGAGACAGGTCGTCAACAC 46 ACl14 220 ~238 4

784 F. CAGAGTTCGGAGACAAAGAG R: GAATGGTGTTTCTATGTAAGTGT 45 ACI0 91 ~118 7
4996 F. TAAGGAAGTGATAGGGACATT R: TAGTTGCTCGTTGTGATGTG 55 AC6 89 ~124 5
13118 F: TGATTGCCAAGATTGTTTCG R: ATACAGGGAGGTTATTACGACA 56 AC10 120 ~ 138 4
17329 F: ATTTCAGTAGTAACCCATCAC R: ACAGGACCAATAAGGAACA 54 AGAT6 149 ~168 7
16158 F: GCAGGACTGAGACTGAAGGA R: GAGGTCTTTGCGGTTGTAT 50 ACAG3 216 ~224 3
30977 F. AAAATCCCAGTGAGACAATC R. ATCCCATAATGCCTTGC 50 ACl14 214 ~234 7

F.EM 5190 R. )54, F:Forward primer; R:Reverse primer.
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(1) ] POPGEN 32 ¥ {35548 %55 07 ik
[KI %5 (effective numbers of allele, Ne) ") Wi 24
A (observed heterozygosity , Ho ) 4l R R A
J& (expected heterozygosity , He ) ™) AH X 15t 14 B
2 ( genetic distance, D) Lo , ot A5 AL &R 2R
(genetic similarity index, S) L16] , WAL A F8 B
(genetic differentiation index, F_)'"" FI Hardy-
Weinberg 78 f£ i 85 F- B F8 50 (d) " L B35
P FERB(Ne) : Ne = 1/ Y, P, X, P g4
DL § AR R PR AR 5 - X LI 2 5 i
(Ho) : Ho = WA B A& 18/ WA AR L

VEAA L (He) : He = 1 = 3P, b,
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BN AT AR AL S B N, N, Y
SR i AR AR B I AL AR X
BEHE (D) : Dy = -In(S;/./S, - S)), X,
S, A PIRPEER] B L AR LR L, S, S, 23l oR
FRE § FIRRAE § A 358 14 AR D)2 50 REAAR (]38 4% 7y
ARE(F ) :1 - F = (1 - F,) x (1 -F,),3
W F F F o3 AR R Y I 58 R 8 HEA
6] 43 Ak $i5 B0 BB K 22 & B Hardy-
Weinberg 5t 1% (i 25 V- 46 4% (d) :d = (Ho — He
)/He, X "1, Ho 2% Ao 53 07 B0 % 45 B2
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n-1

content, PIC)'"™' PIC = 1 - ZPIZ - Z
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132 (unweighted pair group method using
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2.1 EST-SSRs 5|47fi& 118 X} EST-SSR 5|
Yrxt 50 B aFEAIE T PCR 31, Horpr |87 X
SPGB — 45 12 X B R,
19 X5 YRedy 34 280 R B, 2851 5
B B 51811 16. 00% , Hodh XUis 3k 1 & 7
15 4, i 83. 16% ;4 083 & ¥ 51 4 4,
i 16. 84% , XUHR K & h L (AC),/(GT),
FE, & 73.33% ; (AT) /(AT), 5 13.33%,
(CT),/(AG), i 13.33%,

2.2 EST-SSRs #RiZEA&MESH W] 19 *f
ALY 5 AR ALL 181 BRMFEA
AT AR, JERAT 93 AR X
5Pk I 20 () S LB 2 ~ 8 A, e
4.89 N, T HE ) e Be Kk 87 ~ 339 bp; M
ZHEBRWE3, 51923460 P HELERILE 1,
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IRZIN

- — 123

1 3|4 23460 i) PCR ¥ 184 R
Fig.1 PCR results of Ctenopharyngodon idella amplified by primer 23460
1~23 KIPBEAAFEAR; M. ssr Bsu I 50 FEARIME,
1 -23 Grass Carp population in Changsha; M ssr Bsu I marker.
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Table 3 Genetic diversity parameters of nineteen microsatellite loci

B K &2 Ve S I G S PV IIP/ S e SRR A L AEE R AR

A7 25, PN Average effective Average observed Average expected Polymorphic information
Locus Aveza;(:l ;l fele numbers of allele heterozygosity heterozygosity content
(Ne) (Ho) (He) (PIC)
23460 6 1.926 3 0.438 9 0.4822 0.459 5
44049 3 1.999 8 0.455 6 0.501 3 0.380 5
4703 8 3.188 5 0.711 1 0.688 3 0. 666 2
2423 4 1.540 2 0.3611 0.3517 0.349 7
5476 6 1.481 2 0.266 7 0.3258 0.3227
21051-1 3 2.0254 0.561 1 0.507 7 0.437 8
12886 4 2.3245 0.533 3 0.571 4 0.513 6
40698 2 1.867 2 0.444 4 0.465 7 0.356 6
16165 4 2.112 6 0.516 7 0.528 1 0.495 3
4218 6 2.428 8 0.583 3 0.5899 0.587 8
35939 2 1.938 7 0.477 8 0.4855 0.3670
23426 8 2.0829 0.527 8 0.521 4 0.516 3
28973 4 2.1170 0.527 8 0.529 1 0.436 0
784 7 5.100 4 0.6111 0. 806 2 0.791 2
4996 5 1.524 2 0.316 7 0.344 9 0.307 7
13118 4 1.970 4 0.3611 0.493 9 0.492 3
17329 7 2.0719 0.3556 0.518 8 0.508 2
16158 3 1.595 6 0.3722 0.374 3 0.372 1
30977 7 2.493 7 0.483 3 0. 600 6 0.594 8
45 Mean 4.894 7 2.199 4 0.468 7 0.509 8 0.471 3

2.3 BBt sHEESKHR-BAKTEE

BB E Z NG T R R 4, 54
AT PR B S 2 AR SE TRV B (Na) 4 3.526 3
~4.315 8, V-4 R B B (Ne) N
1.929 3 ~2.139 0, XU Z2 & & (Ho) M
0.415 8 ~0.501 3, F¥WBEIAE (He) N
0.450 6 ~0.502 8, FH L &MFEE & (PIC) A
0.4154 ~0.460 4; KIBHA T ZEEE T &

FPF-HH B 2 5 B e, R 0.460 4 i1 0. 502
8 5 W FIHE AR (1) - Y S 24 A B RSB 2
FEEAR, 9 0. 415 8 F10.450 6, @it iH5E LA
Ry P E A5, 5 > HE 1A Hardy-Weinberg
S O S B A T R RV AR B G S, 45

W5, fEAERAART 16165 17 45 % A B
B 4703 17329 1 30977 {37 15 K A W S 3 B
TERIDREMAT 23426 13 5 A B W S 23460
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Table 4 Genetic diversity parameters in five populations of Grass Carp

SR 3 P RIS E PRI AR R PR S R ERCEZ N ESNEs
FEEN A el Average effective Average observed Average expected Polymorphic information
Populations xezafle )a ae numbers of allele heterozygosity heterozygosity content
“ (Ne) (Ho) (He) (PIC)
1 Shishou 4.3158 1.999 6 0.472 4 0.479 1 0.426 1
K> Changsha 4.1053 2.098 5 0.467 1 0.502 8 0.460 4
HEIK Zhaoging 4.263 2 2.074 7 0.459 2 0.495 3 0.454 0
IH I Qingyuan 3.5263 2.1390 0.501 3 0.500 1 0.456 2
W] Jianli 3.684 2 1.929 3 0.415 8 0.450 6 0.415 4
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5476 16165 4218 784 4996 17329 F1 16158 fii
SR A I O 5 E W R AR P, 23426 I
17329 137 15 2 A 0 25 0 155, 4218 o i3 K HE A
TR RS PRI 4703 5476 Fil 23426 {if
SRR N B, 23460 FI 13118 437 A5 & A= )
8 2 S 5 TEVE I BEAA 23426 FIT 17329 £ A5
I N R, 4218 a5 A A AR b e

2.4 BEE{KiEM Fs,ﬁ\lza%?l‘EM%ﬁ'—ﬁmﬂ:EE
B RAERHAR FE (R 6) K5 MREHA
)G AR AR (F, < 0.05) {4 Nei'™

THERE AR [B] (1% 382 % B B Fas AL A R 8, 25 51
FEHA W A B R 5 0 O R st AL TR S B
(0.086 2) , it fLAHBIR B/ (0. 917 4) , Ui
W SR 2 0 R B8 T VD BE R 5 4 1 A it
fEHE B 4523 (0.019 8),ﬁf§$ﬁ1u§§&ﬁ%jc
(0.980 4) , UL E LG CRERIE (R T) .

PR A ] 1) 358 4% B B9 0 MR A A S /\ﬁﬁiﬂ’]
UPGMA REE (E2), LA, HEfmft
PRI BT WS, KUDHER W R e AR
B — 3 HE RV B AR il — 32,

x5 EHf5ANEEERER Hardy-Weinberg &£ HRIE
Table 5 Chi-square test for Hardy-Weinberg equilibrium of genotypes in the five populations of Grass Carp

37 15, Locus £ Shishou £ Changsha HEPR Zhaoqing Wi Qingyuan WA Jianli
23460 0.763 912 0. 000 081 ** 0.001 094 * 0. 002 539 ** 0.987 654
44049 0. 822 356 0. 883 755 0. 484 959 0.025 781" 0. 730 070
4703 0. 000 048 ** 0. 387 954 0.011 439" 0. 000 481 ™ 0.792 137
2423 0. 887 893 0.203 434 0. 684 929 0. 000 106 ** 0.958 253
5476 0.037 542 0. 000 000 ** 0.010 527 * 0. 866 905 0.054 012
21051-1 0. 891 145 0.618 781 0. 109 784 0. 000 000 ** 0.752 433
12886 0. 662 535 0. 736 386 0. 882 510 0.201 060 0. 936 986
40698 0.947 724 0.939 415 0.512 312 0.778 484 0.851 716
16165 0.010 222" 0.003 874 ** 0. 891 796 0.321 809 0.616 942
4218 0. 765 947 0.004 633 ** 0.062 125 0. 000 003 ™ 0. 000 000 **
35939 0.732 541 0.732 201 0. 172 316 0.201 975 0. 108 640
23426 0.323 455 0.013 173 * 0.012 010" 0.977 212 0.012 171°*
28973 0.702 930 0. 183 310 0. 700 985 0. 172 427 0. 453 490
784 0. 158 196 0. 000 027 ** 0. 954 553 0.010 581 " 0. 353 650
4996 0.469 522 0. 000 027 ** 0. 539 652 0.393 952 0. 993 509
13118 0.757 699 0.399 087 0. 000 000 ** 0.001 894 ** 0. 070 525
17329 0.002 814 * 0. 000 000 ** 0.287 716 0. 000 337 ** 0.042 720"
16158 0.563 888 0. 000 000 ** 0.943 198 0. 000 659 ** 0. 303 898
30977 0. 000 086 ** 0.203 310 0.072 210 0.005 016 ** 0. 153 520

R w7 e SRR FRIZ AL L L 2 (P <0. 05) A 3 (P <0. 01) %5 Hardy-Weinberg -7,

”»

“ oy and © wx

in this locus.

respectively represent genotype is significant (P < 0. 05) and extremely significant deviation ( P < 0.01) from HWE

®6 SANE&RFEKENF A
Table 6 F values among five populations of Grass Carp

e A Kb EN T WA

Populations Shishou Changsha Zhaoqing Qingyuan Jianli
£ Shishou 0.036 4 0.034 8 0.054 6 0.041 8
£ Changsha 0.014 6 0.033 0 0.0159
Z5 K Zhaoqing 0.027 7 0.0199
W Qingyuan 0.037 3

WA Jianli
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Table 7 Genetic distance and genetic similarity of five populations of Grass Carp

LN A K N s WA
Populations Shishou Changsha Zhaoqing Qingyuan Jianli
£ Shishou 0.980 4 0.957 1 0.9340 0.941 7
£ Changsha 0.019 8 0.968 3 0.967 0 0.966 1
ZEPR Zhaoqing 0.043 9 0.0322 0.977 3 0.9358
JHIZ Qingyuan 0. 068 2 0.0335 0.023 0 0.917 4

WA Jianli 0.060 1 0.034 4 0. 066 4 0. 086 2

XEAZ L R AR R B, X LR LUR it iy

Numbers above the diagonal are genetic identity and numbers below are genetic distance.

Wi Jianli
I ¥ Changsha

A E Shishou

0.5

HEPE Zhaoging

I Qingyuan

B2 SAHE&BEHREST

Fig.2 Cluster dendrogram of five populations of Grass Carp

3 3 i

3.1 Ef EST-SSRs #RiZHITFIE AWM
At 760 000 > EST J@ 5 DF2 )5 1R15 1% 45 318
ZFEHI A R A5 5 556 M TR ES,
A~ ESTs 0dis FE 1Y 12.26% , Hot EST-SSRs 7
SUBHIE (5 A7 55K 1 HE 9] (83. 16% ), i . 42 2%
BRI LL(AC),/(GT), NE,E 60.00% , X4
S50 5 HAt A4 5 i % 2 0l TR A4 R
7 K LA AR — B, N Wang | 88 7= 45202 g
#£71 ( Cyprinus carpio) ESTs Wik i By EST-
SSRs, (AC),/(GT), 5 ®Uak 3 & & 35 A 1Y
67. 57 % ;— Lo F AL i L 0 s TR v & IO
BRI A DR 5 A 96.75% , (AC) FT 5 4
FEBilJe: (CT) Hefi iy 7 512720 X s 2538 T
7N, R AC BUR S A 2R Yy 1) 2 Ui 32K £
FAY TR A T BRI T

EST-SSR 341 2 & Dy ge I A I o i
YRR 55, 7 S Ak K A A il b R B 4
B 2 JEE TR R B 11 T P A, L LU SR R4
Z BN B BERE R TR, HAR S (1K AR S A A

WAL, ASHESE H i EST-SSR ric £ & 15
RN 0.415 4 ~0.460 4, N LK, Tz
Wi 200 T FH ) B Am JE R 40 SSR e o, 45
ML BV TR S, 34 M B B ELE
PE9 LA EA T EEZ A 2 AR B AR
2, HEE R R R L4 SSR & T
EEA ., AU R, R AT RE L H Y TR i
TEE I R bR IO R R 2T
FF I,

3.2 BEfsHMEST  BEAEE R
FERNZRERE | AR DR RN A TR Ee i
ERBRCAT S WA A i A 67 PR 1) = R N 3
SIRREE  HR/INAT DR e A st A% 8 S i I
— AN B R R B ARR AL E F — iE S
BT S AR An R A G S B0 A A B AR
0.416 | 0.501 Z [a], ifij °F- ¥ 55 {7 5 K %k 78
3.526 F| 4.316 Z [0 (£ 4), W DeWoody
PN GE 13 FhiRAK IS Y 2 A
R 0. 46 B RECH 7.5, ATUACH AR
5 AR B AR TR AR R R R H A it
& 22 BE PR BCAIG, o DU B 1 45 0T e R B
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SO 2L AR BRI LR AR DNA Xof 72 JFE {4 3k
F5 7 53 Hr , 4 SRR UE S £ R A48 4% 2 REPEAR
e KVTFIBRITOK & mf E Wy i B i HLPR
YL R VR 22 0 D B | IX AR A R
TR BEEN A A7 PR B A AN O 1236 135 1 22 e D
i, T IAEARZ WITAARAS 240 PR VL s
WYL, 8 R AT AL 2 B, # i B TN
PRI 2R 5 M R A= A7 PR 0 AL T s R £ A )
ZREPEIIREAR . B, Luikart 28000 R % T —
S BH A YR N R a2 WYAE  TER
Sefif LT AT g R A B R R A
EE, X AL AR AR RSO 8t 1% I i ( cryptic
bottleneck ) 7, 5 P4 B LT FH A% T2 bR i
FERL AR Z AR R T R I, R A s R AR
S 9 ARAR I H 2 A e A2 ™ f B Hardy-
Weinberg V-7 , e 5L v GEAE T st 2807 T
— YRG5 R AL ZFE P R AR
WANHERR A2 BRGS0

3.3 BHEBEMETR MRS Neis BHEHR R
(¥ UPGMA B} ,5 A F f BEAA SR 0 T P 32, Kb
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