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FUEE 3T EREFH TR BY SNP 43 FARIE I X I ¥ 5 i 32

F oA, x4

(L. LIRRIE AR oR A7 K P S A S R R MR B i si e %, B 2013065 2. RIRFIRETE RS K™ 5 dr e be, b

W 201306 )

E WERERIMOR A 0G4 T B AR I — B WSS s W) h WF SR A R ER S, S T 5 LA X R
(Litopenaeus vannamei ) SFEHR (77 595 77 i & ) 401K SNP( Single Nucleotide Polymorphism, SNP) 43 F451iC ,
o FLAREERT IR R AP B 3RS | 400 B AR 115 (vitellogenin, VG) BERIAE A i e R o A SE8 R H] PCR
PR EBEN T X VG BRI AT SNP A S i A, 315 B MR AT ORI M . S5RARHT . (1) 1 150 D ALghiR
XPURAE A, VG BRI 4 -GS F 8 — L a] LUK 2 37 4~ SNP £ 47,8 A~RE 5 [ 1 R = @ i [a] L 5E7E,3

A RAE 26 DT RAE

(2) X 37 AMLRIHEAT T, A B 4 ASATRERY SNP MRIEfL . (3) 24l

REAR A4 AR P EZ K, ZEE BN FE . (4) X 4 MEBEALE 5 IR ™ IR
Ay B LR AR i B ek BB ORI T B R Dy 22 M, A5 SR R 3 839 L5 ™ B i A LAV A i
FE AT R E IS (P <0.05)  HAW A i AFAE R E 2257 (P >0.05) .

KA : JLAAEEXTIR; BB EE RN SNP; BEHEPRAR s b T ARic

FESES: S917 XHEFRER: A

JLANESTR ] 1988 47 5] F 3 [ 5 5% 52 3
TORMUBE SR IE, B4 o 3 [ R 2 i, o
80% L) 11" AE N T FRFE & PE T, M SF O 5 %
BN, A Zy L, I 5 38 3 475 B IR AR
7 AETEON 8 R B L R AR AR AT Ly
PEAD IR (GIH) 553 W , AR 2F 5P 8 8 1 et i) 3%
I IIE BT % 7 RE IR R F 4 5 AR A
LG 2% FL 4 35 of B 0 FG At 2 PR 20136 0 — 2
BRI . A 7 S B b o 0k 7 LA A R
SR P37 it ol LS 5 4 5 SR T3 AR 307 3, 1 B
BB VR A0 Bl B8 7 v 22 T i b S — S
5 BB VRIRAR I (920138 b i 19 975 1 , AT
FEvE SNP 23 FARIC T ¥

R AE R B0 O B B TR R, B i
RE IBH A R T ERShRE . I E N
JSULE Ao B 3l YT i A B 8 3 ) 5 K, 7 B
SR R PR kT 7 OB 20 M TR R
SRR AN T AR B B0 TN B SR .y T
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IR ik

1.1 SEesfs
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(A A P OHE TR 3 4 7 55 B A PR 0 X, 552 36 1k ] Oy
2014 410 H 28 HE|20154F 1 A 5 H., LI
BETIRT T A A5 S92 30 P L 290 X A fE A 3 J31) 0
PR IR BT, Y BRSO IR A SR A , B 5 5t Ak
BIRLME Rt 0N 8L 7, 99 R AR AN AT D DNA
OF ARSI AR SR I 1A] A H UL A A
VR Y g = IRV R 1 90 % BN Tl il
IBCHH IO B 7 AR S5 15 7 B, U RS 7=
IS A — 52 AR i A TP, BEHE 2 20, 1 10
mL EETHOON T B, AR 3 BOFIE, i
JETTE R
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HRA 7 B I 0 Bk 3k T 5 Sy AR (GD2) v 30
SIS A RS P2 B g MERR A =B 1 ~5 YKAg 70 H
WEEF, M\ SyAqua A (0S) ik #E 15 HUA ™ Bl
WERRFD 15 H7 B 25 S A MERT , A VIOT FE{A1E
$£10 HURGRBERRFN 10 H 7 B4 7 1 HERF , 3
DFEFERE AR R AT T 150 R AR
WU Y 07 3 5 5 B A DR A DG BB 1Y SNP A7 8
ot GD2 B4R S0 50 2 MR W [ OG5 A b 1y
— bR AR, OS FEARJEFE S| B SyAqua 23 H] /Y 5%
IR, V101 2 AEZEHE 8 KL IR FE B R AR
1.2 FLANEXTERE DNA RENANS| i it

KRR AE Y FLBA B2 /) i v AR A
21 DNA $2IGA7) £ (B0 A 200 YR ) X I i) IR
FRIEAT A DNA 42 H, & A %R B 1% 3ERg
W E R RGN (A S5 50 el FH 5 R 4 %) R AW £ 47
SEEG, RO S MERR TR AT A 1) o

FLYH X R VG S (AY321153. 2) mRNA

J¥ 542K 7 763 bp,DNA 4K 10 419 bp, VG J:[H
ZEHASMERAETAH 4 DS 52
Vitellogenin N ( £ 5 JIg i 1 ¥% iz ) . DUF1943 |
DUF1081 #1 vWD ( von Willebrand factor type D
domain,, [l 7% &EELE K+ VI 45 5 2] VWF 47 o
H4 NCBI %4l 22 5L (%) o [ %6 R VG-mRNA ¥ 1]
(DQ345690. 1), BE 15 X #F VG-mRNA J¥ %
(DQ288843. 1), JL 44 i€ %F #F VG-mRNA JF %]
(AY321153. 2), JJ i #F %t #F VG-mRNA J¥ %]
(AF548364. 1), JJ %i #r X} #F VG-DNA J¥ 1|
(AF548363. 1) 47 Cluster HLXT, $8 1 4h g+ F1
W& FZ A0 3 LS TE ST 4 K E5H 5 DNA
FPo i SNP ;i 7RSI PR 57 X 23 1 %
HEIYY 3G ELE N &1 XU BT IX
B, BARS ) Ry 3G fE B 1,

F1 FLEXTER VG EEfFiE SNP LB REI 514

Tab.1 Primers used in SNP screening of VG gene of Lifopenaeus vannamei

LI EE/EAS GiL el = RN P HE A X ]
Domain Name of primer Primer sequence Expected product  Section of amply primer
NI GCCAAGATGCTCCACCGAATG 917 1 3AHNETF,
AAGCGAAGTGTTGAATCCTGACT P 2RI
Vitellogenin TGAAATTGAGACCGAAGG n
N N2 TGAAGGCAGTAGTGGTTT 797 bp ERE RS
TGAAATTGAGACCGAAGG N P
N3 CACGAGGAATGAAAGATCCG 1127 bp 3AIET 2 AT
TCAACATCCAAGAGGGTA
S
DUF1943 . N4 TGGTTCCAAAGCAGCAAT 1116 bp AR TR
DUF1081 Al vWD ACAACTTCCTTCCACGCTACAT
N5 589 bp 1E 1AM F XA

ACACTGAACCAGGCGACCTAC

1.3 PCR ¥ B~

PCR [ IR :DNA B4 2 WL, | F 15514
£ 1 uL,2 xTaq PCR Master Mix i3] 25 wL, il
ddH,0 , Jif PCR ™4 %6 28 v Uk K6 56 ohy B — 7
Y& BiaR 2 FE TAY A w374 Sanger
XU o HoAxy PCR =) 5 i RARAE DR
A R R i a0 St AT SRR SRR X B4R L
WA R BT
1.4 RS

(1) # ] BioEdit 4 Xf LA XS IR VG FEPH
I PP % 4 A7 M OE, 4 BT I e 20 AT RE AR
XF, $&F] SNP i 5. (2) F|H] DNAMAN #5443 #r
Ji A SNP A i 3 = IR L 5 . (3) B> SNP
AR KR PR RY IR, A3 A 30 0L I, 132 By
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A PP R VAR T o e — > 10 R 5 2R A
TECIEN 1), D0y AR s T e e —F Y SRR 2
IR 2) o (4) BRI AT A i 1) 2 P9 Y
PEAT HORT, B B — B D R A AR KR IR T 3
AR IRPAGE , 3207 AN T A8 07 5 A0 A ) 47
B IE R R X, SR — AR R —fr

FERIZIAA
T 6 C A A C T

%QX [ ><><><

E1 #&EFEDAA
Fig.1 Homozygous genetype AA
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SRR — JE PRI 2 A SR AR AL
(5) F PopGene {43 #7436 137 s 1) 2 A5 1%
(6)#E GD2 FffAr, M A A B it 78 e IR vp 3k
TE 40 HAFA IE A 4340 0 FLAATE X R FE &, R A
SPSS 22 B4 207 25 T 5 i TRk B R
TR ] 25 52

HEFEIAT 700
A

T G C A c T

N : . N\
,/ \\ | / \\\ 4 \
NYAVAY, SNPAVAN

B2 ZHEEEZAT
Fig.2 Heterozygous genetype AT

2 4k

2.1 JFLAYEITERE DNA BBk 047

Xt T BRI PLAN B 30 0F 6 DNA 24T HL Ik 20
e, IRAREE SR AN &L 3 Bz, Pl v m] DL i i W 5 )
LUK AR, SR TC It R B, U W FL A 5 0] R A
{5 DNA SERTCRERR , nl LUTIAE PCR 525

B3 FLAAEITERE DNA BikER
Fig.3 Electrophoresis result of total DNA of

Litopenaeus vannamei

2.2 FLANEXTER VG EE PCR ##4R
TS VG JEF ) 5 X 51 ik Lk i %t
IR S DNA #E47 PCR &3, B 31543 =4 .
H— X5 [T 3G 7= L Uk S SR ] 4 TR
EIAT %0, PCR =yt s Pk il 45 1 R — X 514

1) PCR =435 — S5 S Wl i 45, 5 LI
=R/ MESE o B 1) PCR =P A7 )7,
7t NCBI I Blast, Blast 255 @R 4748 - B2 M LA
TEEXTHR VG FER ) —38 453, P FIAHUEE R 99%

4 JFLANEXTER VG EE N3 5|93 1= ik 4R
Fig.4 Amplification products of VG based on

N3 primer gene of Lifopenaeus vannamei

2.4 FLNEITER VG EEH SNP i 55 #7
FAMLANEEXTIR VG 3K 5 X359 % 150 4~
PRI T 3515 21 750 4> DNA 7=y b 245 )
F| 37 A~ SNP i i, Horr 11 A7 i fE AP B IX
B, HAR 26 MLSAEN G FIXI(FR2) ., 114>
AN T X AR AL HE 8 AN] L FAEFN 3 N4 X
A3 A SLHEAR AT R AL 1 512 KGR
HATRZ AT, 75 3 597 F2 Z R RN 2
Rz (a8 5, LA 7 o 3 878 Y46 1k Fi ik 2
iRz [a) A8 5% o TERTAFEI 37 A SNP i 5 Hr iff—
A F R AN A B 11 35 DR AR DA R (R R B B — 1
FEPHY, B 59 3] 4 ik SNP s, 430 2 R
AN SUIRASAL A3 597 Az s 3 878, AN [F] L5
A7 55 3 839 FI 3 923, 4 Ar R T 45 4%
DUF1 943 |,
2.5 VG ERE &L SNP (i i SR
X H 1 4 A VG JER B BE SNP A3 i 47
AT, HAREE R IR 3, X 4 M7
M4 G BEAE 0. 407 55 ~0.475 80 Z [8], A 3L
FREAE 1.5 ~1.9 ZH, 28GR &FEAE
0.3192 ~0.362 6 Z[a], 4 BOTSTEIN'"*! fity 3
W, 4 AL RAE LGN I A IR REAR v i a1 22 R
J& T AEKF
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R2 KWHARGSHANEE VG EEH) SNP i

Tab.2 The SNP locus in VG gene of Litopenaeus vannamei

s A= P BFEAR HIRAEL AT
Name Locus Location Change of Nucleotide Change of amino acid Type of change
1 1512 E4 G/A KA/ HA R i
2 2527 15 T/G ORF 4} i
3 2530 15 T/A ORF 4 e d
4 2 544 15 /G ORF 4p i
5 2 546 15 A/G ORF 4 4
6 2552 15 A/T ORF 4 e d
7 2555 15 /G ORF 4 e d
8 2559 15 G/A ORF 4 4
9 2563 15 A/T ORF 4} JiTiE
10 2 568 15 G/T ORF #p i
11 2573 15 A/G ORF 4} Heff
12 2575 15 G/T ORF 4 e d
13 2 578-2 583 15 T___ A/TAATACGA ORF 4} Bedk
14 2585 15 T/C ORF 4 4
15 2588 15 C/T ORF 4 4
16 2 600 15 G/A ORF 4 B
17 2 603 15 A/G ORF 4 4
18 2 608 15 G/A ORF 4} i
19 2 6152 620 I5 T____ A/TGAGTA ORF 4} Bredk
20 2978 16 G/A ORF 4} i
21 2 987 16 A/T ORF 4 e d
22 2988 6 A/T ORF 4p A
23 3052 16 A/G ORF 4 4
24 3053 16 A/C ORF 4} e d
25 3089 16 A/T ORF 4} JiTiE
26 3207 16 A/T ORF 4 i
27 3213 16 C/A ORF 4} i d
28 3 476 E6 C/A [] L5878 i
29 3 479 E6 C/T ] L 5¢ 78 g
30 3597 E6 A/T SEA R ENAR i
31 3719 E6 A/G [|] L5878 i
32 3761 E6 C/T ER& e
33 3776 E6 A/T ER& L8
34 3788 E6 A/C /] L5878 i
35 3839 E6 G/A [/ S A8 g
36 3878 E6 A/C L LT/ 2R W R Fii
37 3923 E6 A/T [|] L5878 Heff

T E A 123 53R SN2 5 (Exon) FINE 1 (Intron) ;E6 /R4 6 MHNE 515 FIRHT 5 AN 15 ORF /s b 34
Notes: E means exon and I means intron; E6 means sixth exon;I5 means fifth intron; ORF means Open Reading Frame
R3 FLAEXER VG EERIE SNP (L S i S5 Mo
Tab.3 The polymorphism analysis of potential SNP loci of VG gene in Litopenaeus vannamei
b, FERBIAR SRR /DR ARG ZBEL AR
Candidate  Genotypic Allele Minor Allele The number of Polymorphic
locus frequency frequencies Frequency

B fi Gz

Heterozygosity Homozygosit R . .
YEOSI YOS effective allele information content

AA=43% A =71.5%
3597 AT =57% T =28 5% 0.285 0.407 55 0.592 6 1.7 0.324 5

AG =28% A =64%
3 839 GG =72% G =36% 0.36 0.460 8 0.5392 1.9 0.354 6

AA=45% A =72.5%
3 878 AC =55% C=27.5% 0.275 0.443 8 0.6556 1.5 0.3192

AA =22% A=61%
3923 AT =78% T =39% 0.39 0.475 8 0.5242 1.9 0.362 6
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2.6 VG EFEEE SNP i 5 525 4K 8 KB
LaXiis

W 4 AHLRAE GD2 B 38— 43 B H ™ B
FEPEFNEE R AL (£ 4) 4 Mt SNP 47 55 -4 H
PR AL DR Y T X 107 B9 L 4 758 X6 MR A A7 7 B 4
PE A W) 25 S, B A R R AU g AR v R A
FEERANA A AN BN A, HL 7 B ASR 5 AN

IR LG22 S ANBH B o ANz i 3 597 #Y AA S
DRURYAN 7= B R GRS AR FE I 12 2. 58, AT B
TRUART= PRI B E B2 12 2. 35 357 s 76 7= P A
AFERRE PR R BER B St . oA 3
LR EE RS Z I, BIR REAE S 777 O (1 7k
KRB S

x4 FLENEXTER SNP L 7= B A0 A 7= IR~ By R A BL 451

Tab.4 The proportion of spawn and non-spawn in Litopenaeus vannamei SNP locus

A7 £ He R FEA /A~ AR PR (AN)
Candidate locus Genetype Number of shrimp Proportion of non-breading to breading
2 597 n s 133500
3839 ig ii 1; %82)
3 578 I o Li2.67015)
3923 gf; 3; 11::22. '3697((263))

TE 45 55 PO AT B B ESR A A
Notes ; It was number of non-spawn in the brackets

Xk PLAA I X5 B 14 SNP A7 i 25 R B 117 B %
e R BMIR O B O B ™ DR P-4 7 B 4
AR 5 B B ) BEAT BN R T7 2200 i,
PREE SRR 5 B, SPSS B A 43 M1 7] AL A%
3 83911 GG Fl AG JEPH B 5 537 I i AL B3 14K 5
PR B AR SN, HAt 3 A7 Y R R
YR K AR S 247 B A LA AR T

" B SR PR IR A S A S XA
P A B, L 3 839 AR AE B B 1AL 44
St X 2 AR B SRR GG RISk A B
AG fAAER #2257 (P <0.05) 54 3 597 AL HE[H
T AA R AT A5 4 AR EATAAE B 3 25
5 (P>0.05) , HAt 2 Mz i 5 Z 2L,

x5 AMEXER VG EE SNP £ 5 5 EE IR LB E ST

Tab.5 The analysis between spawn character and SNP locus of Litopenaeus vannamei VG gene

B AR BEH A PRI UE IR S B R 457 B R AR ST B OB/ ¢)
Locus Genotype Number of spawn Egg number Average egg number Egg number per body weight
3 507 AA 2.2+1.1 52 358.2 £28 667.0 30 788.7 +15 765.6 965.3 +564.8
AT 2.4+1.0 69 187.1£30 122.2 28 601.8 £13 212.1 1263.1+640.1
3 839 GG 2.4x£0.8 54 748.0 +£27 220.3* 29 021.7 =14 632.3 990. 4 +560.7"
AG 2.2+1.0 80 041.5 +31 305.0* 30 944.6 +13 636.8 1 641.3 £569.9"
3 878 AA 2.2+1.0 55309.6 £28 001.5 32 373.2 +14 839.5 994.5 +471.9
AC 2.3+0.9 66 973.6 £31 647.0 27 397.6 £13 668.7 1240.4 £704.6
3023 AA 2.6+1.1 69 181.0 +31575.9  30427.2 +13 606.8 1379.5 £747.2
AT 2.2+0.9 60 173.1 +30267.8 29319.6 +14 577.5 1087.1+595.4

TE <77 IR YRR e IR A S5 96 30 18] 9 77 BT U 5 o 0 7 TR o o T A 5 6 A0 1) 77 B S 6 0 5 240 77 9 o A X OF 6877 9 B o
DA o TR ) 7 DI 5 B AR Bt 7™ B H et i ) AT 9 677 R 6 R L 4 X A AR i e

Notes: Number of spawns means total number of spawns for multiple-spawner during experiment; Egg number means the total number of eggs for

multiple-spawner during experiment; Average egg number means total number of eggs divided by the number of spawn; Egg number per body

weight means total number of eggs divided by body weight

http: //www. shhydxxb. com
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3 e

3.1 NI AREREASHT

BB R O KR A3 B A= s I i K B T
I E Yo, 7 B0 S B b R Rk, R
PEA LI BE R AT 1,37 A SNP 7 i A $ 11 M4
BFRAM 26 MNE TR, 11 AR T X
g8 AT 3 DR LR A, Ay AL T
Vitellogenin N 2% #4458k (1 512 {37 &) F0 45 ¥ 35,
DUF1943 (LA WA SCRAE) o ARG 3 A7 A1
AR AL 1 512 IR AR M AR Z
[F1) £ A2 A, A 1 R 2 S BR AT S i L P Ay P A 1P
FIEIR , T LA 200 B B 2R A D RE 7 A — E Y
SR L 3 597 Ab st IR AR N A TR I A2 1L,
PP B IR AR R AR M 2 R, X B v 28 [ AR
FIIY = ZER RAN 2377 HE R RS20, BRI %o 2 1 Jo
WIDIRETT A A RIS . fiad 3 878 AbJE2%
1T AR I R 1Y A2 Ak, AR Sk i i BRSO, Ut
IF ST I B IR AR 2 3% 1, P e A IR I8 RETE I
T, X ON AR R SR s A R
Wi, A) B B BT I RE I S8 S o T A IR
AR AT A BIF E AR E  A B T 23 5 H A A
HBL2E 5T, BB LG R DR PR I 5 i — 25 52
B oA L b IR A BRAS H B vWD 25 AL 4k
DUF1081 52 2f%5F, A =25 S, T DUF1943
FAAEZ A G, A4 3 839 bR 5
3.2 HER IR IR IEE RIS O

AR S 0 4 A g R AV T I 5 AN R B 2
(] PR 22 5 , A R IS5 77 DR AR G B AL o HY BERA
WntsE SO 21T RST ISR B SR G ipvin R A
FBCRAT K IBHE T S551 T J0RN 0 B A 8 R0
W QTL kG B NN R, ik
LR EFREA I oA 2 B —Fh B4, TE R A
SIS R], 53 PLAAEE X 0 — B 7B, 5
B AT $R 3 5 0 1 7 OP B A O HR 1 43 T
Prico XMAFLEA W6 J7 T W] B8 : B Jo e 4 T istfg
B AT Iy i s v O e T VG SRR AT
SYIEA) B A R s FOAE RS A 525 60 K1)
I [ A 7 B A AR, A T RE R IR IR B B AT
677 BRI T o 33K 26 R SR W BE 7 DI A fE A0 7 5
55 v FURE M OAS P IR R X £, B TR O S
(53 F B AR ICAFTEA 2 M

7 B AR S A B IR TR X R R
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AR, PR 0 2 AR T 5
LA AR T ECR, R B g . BB B,
A SNP ARk 5 SRR R I AL, K2
SERAER & I, K AR B 4 vh e rh AR
HCRE PBE A FLARTE XA i R DUAR G
Ito

Xt 7= B AEAR A A B, A2 3 839 5
7 B A B A o 7 B A S, Ul AR
RRLE T IR 2 8] ] BEAFAE —E AR R R, X
RIS A R A R R A
M3 839 AREEINTY AG BB B W T GG 2
DAY, D S L TR A ] ™ B B BLAT (e R4
{ERTESCIREAR 3B B AA JE AL, iy LA
SRS B (9 FEAS KR At — 2P i B ik, 7 B0
ORI AR PR AR, 22 3k PR SR P A B
1455 BB RAR (U™ B | B (AR 7 B ) A1 OC
ey VG LI 1 A~ SNP 7 A5, I8 T IX 28 AR
SRR 2 — T AT 2 1 S B TE A
SR HE IR 7 1 o
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Preliminary study of SNP marker on spawning traits in Litopenaeus
vannamei

WANG Ran'?, LIU Hong'"?
(1. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education ,Shanghai Ocean University ,
Shanghai 201306, China; 2. College of Fisheries and Life Science ,Shanghai Ocean University ,Shanghai 201306, China )

Abstract; Molecular markers related with spawning traits in shrimps is limited. At present study, vitellogenin
(VG) gene of Litopenaeus vannamei was selected for SNP ( Single Nucleotide Polymorphism ) marker
screening on spawning traits (ie. spawn or not & egg number). Direct sequencing of VG gene was used for
SNP loci screening. The detected SNP loci were further correlated with spawning traits. The experiment was
based on 150 ablated female shrimps and the four domains of VT gene. During the discovered 37 SNP loci,
there were 3 missense mutation, 8 synonymous mutation and 26 nonsense mutation. Further analysis found 4
potential SNP loci whose polymorphism information content ( PIC) were between 0. 31-0. 36 indicated their
middle standard of PIC. Single-factor ANOVA analysis was used for the reproductive variables ( number of
spawns, total ege number, average egg number, and egg number per body weight). Only the locus 3 839
showed the significance difference on total egg number and egg number per body weight (P <0.05), no
significance differences were found in the other 3 potential loci.

Key words: Litopenaeus vannamei; vitellogenin (VG) ; SNP; spawn traits; molecular marker
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