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FHM Y EEa Fup o 4
wREE OKREA LA EKE] WAL
(1. Bk S5AdarEpe Bl 2013065 2. EDKF=RIHA0FIE BB K= 0F 58 BT ARl AR A 5 1 1 ol 7T F5 45
RIREGLHE F BRSNS E R LR =GR S Y- BRI RE HS 266071
3. WA R R KBAYRRIT R SR ESLRE B 325005)

EESD 8 5% 4, B L4 & 7 #F (Litopenaeus vannamel ) B v w4 Fi By 3% & % B4R AE, T WL A&
SR, EEEHRET 6 MEREEY ALYEXIT G EGEMN, 25 a4 W EW]R, KE M. ] MNP,
JNZ, BESTlEEZ, UWSANMMIEMIERMERE LML, ERET, 6 NREEN LA E
M 8 MIEEAFEBRENLAMN, LA PHEMEREWN,). MEZLEEEH). M4 H,)
1% A1 B4 EPIC)2 5] A 4.5~9.5, 0.516~0.733 ., 0.346~0.550 F 0.472~0.700, % & 3% 1 % Bt
FERENGERLA A EI RS M Z>" N P> Z>AE M>EH S, % i—if 18 #%-F#HHWE)
g B, 4.17% (2/48) B Al 45 R K I A B 3% 101k %5 (0.01<P<0.05), 58.33% (28/48)F A 4 i &
B (P<0.01). % F %77 Z2H(AMOVA)Z I, 12%th & 7R B &G, 24%0 % 7k E &EN
AMEKTE, HA4 64% 7 F3k B T H & EAE, UPGMA RE QMR B, 6 A5 B H LA E Xt
HRA2ANWUBHLI, THPATMNZRN—X, REM, BH R, BEZAfEHS RH -,
ERA T PCAER LR, A &BLAENITLELMATRE, AFRWE 2T BAENF
FE LGRS IT Bk AL &, SEIe 2 R T O LN E X AT BOFR 3 1R AR

KR AAEXE; MbwAh MIE; mhSHR

FESES S917.4  XEAARIRES A XEHRS  2095-9869(2020)05-0012-09

L4475 %5F i (Litopenaeus vannamei) Ji 7 b 32 3 o e I BRI ER FE ARV R ORE R, U
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2 R ERAES

JEJINZ2 IR B A3 A g5 R B8 B (E %R 5, 2004), LAY
TERT U A A = R FRFH AR 2 — GRABAL, 1990), H:
PR G RERTIR R AT 70%GK B4, 2019), HA
USRS BT AER . SRR AL . L
YRIEXTER T 1988 AEMNKETIA, Z 5 HETE 4 E
Bl N K (T, 20145 FE#5 5%, 2018), Bk EE K
I8 2l Py v SR BE KR SR R — A Bl 28 (5 R HE A
2011), HAHT, FREC B LGN IR 5556 7
T i e Y R (e B8 4, 2008; FEEELE, 2009),

Bifi 5 T [ LA R 1T 3775 5K B A3 O, X MR i
iR E AW TR, HEr, EEAMEFEE
BARCBIEENE T, ALEFHN T iR
WA, PRSI E, KT BoH, MG FRH™ &
FBEIRC, Bif 22 17 Sk 1 [R) A sk i 22 i R 1 [
i F IR R L Z R TR, N2 AR SEARTE AN E]
TOHr, [ FRFEXT IR BT R SR AR | e R A
IS . IS B E , A g TR LN I X iR 5t %
T, WP EE O R A R RO P4 (e B R
HAEZEIEFE L,

SrFRCHETE S Zis T K s a fhrb (kB
45 2011; PVEESE, 2017, F445, 2018), Hirf, XL
¥ 1L & (Microsatellite5 Simple Sequence Repeats)/r¥
FRic e b o o il TR FRIC & 2~6 1 Bl 3 R % 0
) R IR R A PP 91, o A BN Y B O R A AR )
RS AR, 0 T AR LR A
(Tautz, 1989; Schlétterer et al, 1992), f LR C EA
AR . EEVEL . BRIt B EE
R BT TR IRREA 8 A% 2 P 43 BT (Bringmann
et al, 1996; Postlethwait et al, 1998; 7K KH}%%, 2005;
B 1 NI S, 2008), ASBFFEA AT I AR 2 i il LA
B, N FE P 6 R b i it PL Y Xof W 1 o A 4 35 4%
ZREPE BT, W10 2 B X T PN 3R G LN T X R Y
WAL 5, LI X IR R SRR Y 7 4R Lk

1 M5
1.1 LI

VT EAICERIER 6 A5l LN X IR R b
AP K K (49.73+1.53) mm, PR E K (1.41+
0.11) g], sl HEYER, R Z, RS, M
Z. ] P ORIZRE Mo B R EE 30 AR T AL
4140 DNA $#25L, H91 180 & FLANTEEXT IR~

1.2 ELEAE

K RIRIFVESI Y202 DNA $2 B0 & 470
RWZHZ DNA 210, FIFH L4 6 1T (Biolmaging
ystems, UVP)#E{T DNA WREEM &L, FfHR 4 I i 25
¥ DNA FiBEE 50 ng/ul, KB 2 DNA FlH
8 MM T RN AP T PCR U1, PCR RRMIAZR: M
WER 20 pl, Hodr, il DNA 1.5 ul, (Vazyme) 2 x
Taq Master Mix (Dye Plus) 10 ul, IE[aF15[05]4)
(10 mmol/L)#% 0.8 pl, KFHAIK 6.9 ul, PCR i Fe
F: 95 C AR 3 min; 95°CA8E 30 s; 72°CiEB k 30 s,
72°CHEAH 30 s, 30 NMEFF; 72°CHEf 5 min; 4°C
RAF o PCR PEYI TR 4 R A T AW TR (i)
AR T, FIF ABI 3730XL I AL 5E 1, Fr
PEME RS MERILE 1,

1.3 #HFEAIE

X6 A it LRI X MR R Ml AR A T R AR
#% -1 (Hardy-Weinberg equilibrium, HWE)F I 135
1 Z e/ Hr . FIH] GENEPOP version 3.4 21T
HWE 5, 152580 P {E(Py.w)o #id Cervus 3.0 it
A TS R A2 H Number of alleles, N,), W
744 i (Observed heterozygosities, H,) . #E 744
(Expected heterozygosities, H.) . 8 Ml RN S 2
{5 B %% & (Polymorphism information content, PIC)F1JG
AN FE R A R [Null alleles frequency, F(Null)], £ F
GenAlEx 6.51 311 6 A~ il i FLAA V5 X R AE 4% 07 45
1A A 2 FE P45 £ (Shannon's diversity index). 8 /M.
SLRA SRR AL (Private alleles) F-341H . 4%
o JL ] P9 3t A% o0 AR R R R DR O (B 46 B Fsr 1ELDA
KPR B Fsp (B ; 4878 507 2553 HT (Analysis
of molecular variance, AMOVA), i il 15 1% 75 S 75 i it
PR R T A0 BE I B 5 6 A REETR] Neis T it (%
BEES . A AR R, R R R B R R L A A
Vi) 35 2 B 5 R O 5 1) ol o ) A 4 [ 35 4% B 25 R o
PEAT 2 W43 43 M7 (Principal coordinate analysis, PCA).
FIFH NTSYSpe 2.1 B4 B35t A% — B HEAT 6 4~ i
JLANEESTER UPGMA R,

2 R

2.1 6 T b dm b L 40 R X T S AR B A A

6 1™ il i PL A TR MR R Ml B b B9 A 2R E S R
W2 ME 1. 18 8 M EM ST, 6 i LA
BEXTHR SAE AL I O 36~76 4>, e RN EHER, fix
INAIRE Mo £ B SR IN BN 4.5~9.5 4
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Tab.1 The information of 8 microsatellites loci
firss SIIFANS -3) RIHKAR B = e B
Loci If’]rlmer sequences (45'~3') agd the Annealing temperature (‘C) Amplified fragment size (bp)
uorescence labeling of primers

TUMXLv7.121 F: HEX-GGCACACTGTTTAGTCCTCG 58 194~244
R: CGAACAGAATGGCAGAGGAG

TUMXLv9.90 F: TAMRA-GACCAAAGGATATTGGCTCG 58 282~292
R: GTAATCAGGAGATGGTCCGC

M1103 F: 6-FAM-GGCTGTGTTTGCGGTGTAGTTT 55 376~391
R: TCATACGATAATGGCATAGAAGG

TUMXLv9.103  F: ROX-CACCAAAACGAACGAAACG 58 199~393
R: GGATAAAAACGAATTGTATACCG

Lvi2 F: 6-FAM-GATCATTCGCCCCTCTTTTT 55 125~134
R: ATCTACGGTTCGAGAGCAGA

TUMXLv10.33 F: HEX-CGAAGAGATTTATCCAGGG 56 252~324
R: CGTGCATTATTATCCTTTCC

TUMXLv8.256 F: ROX-GGACTCACACTTCTGGTTC 55 150~163
R: GGCTGCACCTTGTAAGTC

TUMXLv7.56 F: TAMRA-CCATGGCTTTCCTCTTCTTTC 62 311~490
R

: AGGTAGGGAAGTCGTGAGGG

B R SRR TR S A AE 1,625 AN ERAT S50 3
H, AP REZ . RE M SEEEN AT
0.125 MFA SR, MRl 8 MEl
B Z5ME B & PICE N 0.343~0.925, i
4 TuMXLv7.56 i 55, %A M1103 i 55, Fr M1103
B A, Hofth 7 AN BT A5 PIC #KF 0.5, B LER
TN Z FifgrE Z AR Z R R R, o 3 A
AR o 8 B TR AN A R TGRS 3 o7 56 R AT S5 91 i
0.031~0.403, 5 M7 s AAAE TGN B . 8 AN T
LTSRN 6 A i i LA X IR AT T 48 IR HWE
Ko o Hodr, 4.17%(2/48) RS 4% S 32 1k S 2 B4 i
B5(0.01<P<0.05), 58.33%(28/48)3¢ I}y # i 2 M B
(P<0.01), HAxMY 37.5%(18/48)F74 HWE (P>0.05),

2.2 6 /Tl dm hE L 40 X W B 3 4R 43

AT )7 T (AMOVA) K& 1L, {XUA 12%1 35
FEAR S50 LA, 24%0 B R SRR, Hi4x64%
178 S B4R A A a3 R WS % AR 7 32 AT
AR (FR3).

6 /it KL LGN I X R B ML B A F SE a4l
0.359 (Fir), 0.273 (Fis), 0.118 (Fsr)o T &8 [] %)
{H Fsr#£ 0.034 A1 0.111 Z 1], ¥J<0.15(3% 4), HH &
B oy P ER 4y Hidr, /NF 0.05 ok 4 41, 54
15 4111 26.67%, WA H I AL 4316 (Fsr<0.05); A+ F
0.05 F1 0.15 Z (R R 11 41, & 43 15 4111 73.33%,

g R AR B 43 4K(0.05<Fs1<0.15), 40, MEERH 4
MiEOATE, PRFEARE N>1, JEH R 1.806~7.027
(FE 4,

23 6 M El MmN MR EERE

W S ATLAE W, 8 M AR Z e s
1R iR B e i (0.128), st A& AR RUME R 80 K (0.880), 5E
GERREA TN P ORI S i LI A st £ 1 8 et
(0.549), AL FHIM: RER/IN0.578), FEL K R IRIL
FE 2 n LA 1, 6 Al A FLANTEXTIR R R 2 4
WA, TP RN Z BA—, KE M, B
PR, MR Z AR S BN —32,

24 6 N EAmELMEIEEXRER TS0

FHIT AT (PCAYEE R R (B 3), 6 A LA
TR AR AR T s e . Hod, TN
P HITIN Z oA R A, HIRMARE M FIiEM 2, ZJ5
JpEEaE R R S, FEM4T 1 (Coord )FIERS 2
(Coord 2)Lff e T Bt B F /Y 71.22%. T7E/MAK
b, FEHS 1 (Coord. 1) E A4 2 (Coord.2) I fi#
BT R AR T 20.05% MR 3 T, 6 AN
1) 180 & JLANERT IR AR E B N, Hrpr, J7M
P, J7M Z FEEYE R 3 A Y PLYA T N IR A 4R B
Ko TRIEE, BEAS R A LA X MR AR G ik Bl 2R
—%,
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Tab.2 Genetic diversity indices of 8 microsatellite loci of L. vannamei from 6 brands

v 5 Loci
il 24
Brands Indices TuMXLv M1103 TuMXLv TuMXLv Lvi2 TuMXLv TuMXLv TuMXLv

8.256 7.121 9.90 9.103 7.56 10.33

I P N, 5 5 4 8 9 10 12 7
N 2.590 2.187 3.209 4.775 5.279 4.986 6.977 4235
[ 1.195 1.109 1.261 1.731 1.839 1.870 2.176 1.619
H, 0.233 0.533 0.733 0.567 0.600 0.600 0.867 0.200
H. 0.614 0.543 0.688 0.791 0.811 0.799 0.857 0.764

Piw 0 0.090 0.570 0 0.270 0 0 0

Mz N, 6 5 5 8 7 15 16 7
N 2.667 1.933 2.857 4.523 4.327 8.219 9.677 3.082
[ 1.278 0.873 1.288 1.742 1.630 2.409 2.451 1.433
H, 0.267 0.533 0.500 0.433 0.433 0.633 0.867 0.133
H. 0.625 0.483 0.650 0.779 0.769 0.878 0.897 0.676

Piw 0 1.000 0.040 0 0 0 0 0

W Z N, 6 5 6 11 6 12 10 7
N 2.795 1.421 3.020 4.986 2.975 5.863 7.087 4.337
I 1.321 0.649 1.361 1.920 1.316 2.013 2.087 1.653
H, 0.267 0.300 0.867 0.800 0.633 0.700 0.833 0.533
H. 0.642 0.296 0.669 0.799 0.664 0.829 0.859 0.769
Piw 0 0.140 0.370 0 0 0 0.440 0.130

HKEM N, 3 2 5 7 5 4 8 2
N 1.665 1.514 2.643 4.433 2.242 3.141 4.412 1.342
I 0.642 0.523 1.235 1.680 1.093 1.231 1.647 0.423
H, 0.467 0.233 0.633 0.767 0.133 0.400 0.700 0.233
H. 0.399 0.339 0.622 0.774 0.554 0.682 0.773 0.255
Puw 0.750 0.090 0.980 0.170 0 0.010 0.520 0.640

HIER N, 8 3 6 11 10 12 15 11
N 3.066 1.439 3.346 8.108 5.573 5.769 11.842 3.364
I 1.525 0.532 1.393 2.231 1.942 2.060 2.569 1.622
H, 0.433 0.300 0.700 0.800 0.467 0.333 0.633 0.333
H. 0.674 0.305 0.701 0.877 0.821 0.827 0.916 0.703

Puw 0 0.990 0.140 0.620 0 0 0 0

MEG S N, 6 2 5 4 3 4 7 7
N 2.927 1.142 2.296 2.353 1.106 3.025 4.412 3.015
I 1.291 0.245 1.028 1.002 0.230 1.212 1.624 1.359
H, 0.300 0.133 0.333 0.433 0.033 0.467 0.700 0.367
H. 0.658 0.124 0.564 0.575 0.096 0.669 0.773 0.668

Piw 0 0.700 0 0.100 0 0 0 0

3 it N GRIGE S, 2014), BEREEBAL Z AR IE T

Fhdh i 52 28 PR8I AE A7 Rk (Li et al, 2016), H B 3%
BCTLER SR FRRICAE RN A P PE OIS0 JRRE 5 (DR R 2 R R STRRIE |62 4 10K
WRIEAL 53 A 43 BT A 30PRIE (PIVRCC S, 2008), fil 10 N, ZAEB S RIET 3 47 Hi(Beardmore et al,

BOF AR Z oA TR, B, Bk 1997; FHY%E, 2016), WM e, HFMNENEESE,
W, B TR EF Y Z RS THE e de S R . S B A R Rk

AN I = PN
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o ENEFEN, oSN FE RS = 5% A R 3L Number of different alleles with a frequency=5%
120 WAMEEREEN, 8 FREPAERT  w A SAERE Private Alleles W Z&(H B ARPIC
10 b B T
8 8rl
Q -
=6 _ T _ — -
g 4t T 1 T I —
Bt _ N T
0
Ll e PMz WHZ  KEM HR RS
fin 8 Brand
LT 6 At i FL A I3 X B R Ml B st A% 2 R PE S RO (8 AN LR AL )
Fig. 1 Mean value of genetic diversity parameters of L. vannamei from 6 brands (8 microsatellite loci)
£33 6 MmEAMEMTS FESFAESN
Tab.3  Analysis of molecular variances (AMOVA) of microsatellites in 6 brands of L. vannamei
8 5 i BT B 543 d AV S 4 I Ifil 7 74K
Source of variation df Sum of squares  Variance components  Percentage of variation Fixation indices
o
fi i 5 124.825 0.359 12% 0.118 0.001
Among brands
=} AT
AP P 174 594.033 0.732 24% 0.273 0.001
Among individuals
T
Fﬁﬁ ! {.z';.pﬂ 180 351.000 1.950 64% 0.359 0.001
Within individuals
ST Total 359 1069.858 3.041 100%
F4 6N RIFLAEII Fsp BT = )5 N ECE ) e
Tab. 4 Pair-wise Fsp (below the diagonal) and N,, (above Mz
the diagonal) between six brands of L. vannamei | HERZ
PP Mz M Z A M R R S M
JOH P 1 7.027 4.175 2.061 4.995 1.806 { BHR
i
Mz 0.034 1 4.015 2.657 6.108 1.988 057 o1 076 o1 0.85
W 2 0.056  0.059 1 5.146 5231 3.205 Coefficient
AEM 0.059 0.086 0.046 1 2.093 K2 ARG RAL —BUE R UPGMA #
MR 0108 0039 0.046  0.085 1 3394 Fig. 2 UPGMA dendrogrgm based on genetic identity
of L. vannamei from 6 brands
S 0086 0.111 0.072 0.107 0.069 1

£5 6 TR AR UR R R
(F =) 5 itesam( L =)

Tab.5 Genetic similarity coefficient (below the diagonal)

and genetic distance (above the diagonal) of

six brands’ L. vannamei

AR ST, SREN A IR AR AL, W R A Y
BB ¢ YR (Eschenroeder et al, 2016).

T LA X R A T A0 I & 0 34 1) A
B F Kt i (Meehan, et al, 2003; 5 4%, 2013;
Wi 5, 2017), ARSI SE I 3 & i i SCRE (B AR T

JOMP Mz W Z RAEM BEYER RS

4, 2016) i e 8 IR E BT DAL, ST

MNP 1
Mz 0.842
M 2 0.730
AEM 0.601
FUER 0.751
MH S 0578

0.172
1
0.729
0.698
0.809
0.639

0.314
0.317
1
0.880
0.786
0.801

0.510
0.359
0.128
1
0.694
0.728

0.286
0.212
0.241
0.366
1
0.814

0.549

0.447

0.222

0.318

0.206
1

T 6 /[ P R RL A Y o o i b ) s A% 2
P BEEMTESG LR, S5RER, 87.5% (7/8)H
N ESEY 2B B AR EPIOHTE 0.5 YL E, BiE
Botstein 557(1980)42 t Ml it bR, 24 PIC>0.5 i), &
R VLA 0 0 o BE 225 i, X AU B A 5% T 51
M TR ARIC I 22 SRR R o R A A R o AR
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Fig. 3 Principal coordinate analysis (PCA) for L. vannamei from six brands

LR KT R BAH S8 H D5 4%, 2017), 8 ML
BALR P B INZ5 BE(Ho) 112 0.486, WIEEI G
FEH) PR 0.745, W25 B2/ TR 5 2
o DA — 00 T 156 BT P R i R R 44 Y X R o 3
TaATEK . dih T RGN . T TR
B 8 Musih, A 5 1N(62.5%) 0 i E i 2 HWE
(P<0.05)c F=AIZE R E . —J5 T S S2 56 X iR 4l
HFRE . ARG T S — T K B A 4
PR R ER, DI 3R 3 1578 S e A v o (R,
B T A A A (] — S AN TR A A v A i T
BSHEEHMWAS, JCEY HIES SO LR, P16
JC A A e R 2 B o AL 25 R W W B HWE
(BFUb4255, 2011; AREIEEEE, 2013), FEL KR
A DA T8 % B 2 o S e (BR T HE S, 2016 X1t ¥4 4%,
2018), TEARWBIGEH, MALHEE R 2 A E e
MNP RNEERS S, LB B /A 2 AR R MO
ME Z, JIF HAES AR R 8% ¢ R E 453 (PCA)
W, 6 A Y FLAN T 6T B TG 12540 R A i i B g
R, MMRCEL X R T XFEEREY, Y
T ] PR AN T R 8y ML 40 5 6 A SF R A7- AE — 5 AR AR 1
P, TR A AR AN T G A O I
WEASHENL, fHRS O RB WL .

T Ak X R P e 1 30, o %o 3R A AR
KPR (B/NINEE, 2019) ABFFEFT /TN 6 A

JRPLABEXTSRRL A Aop, B3E R 510 2 HAH
195 AR 22 R, AN TR] ot R P o o e o T )35 A A
FAAE—RE 225 o 16 5 i JLAA TR IR SR FE AU A BT 9 R
MTE BT, BIFFE A% R 3R 5 R A A 7= P RE 2 ] A S BB
JEREE, HAT e AR AR AR R 511 5, A g
B B R ST R T o

£ % X M
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Genetic Diversity Analysis of Domestic Commercial Brands Seedlings of
Litopenaeus vannamei Based on Microsatellite Molecular Markers
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Abstract To clarify the genetic diversity characteristics of domestic commercial brand seedlings of
Litopenaeus vannamei, six domestic commercial brands of L. vannamei, namely, Huanghua R, Dongying
M, Guangzhou P, Guangzhou Z, Hainan S, and Hainan Z, were collected from Hebei, Shandong,
Guangdong, and Hainan Province. Their genetic diversity was detected using eight microsatellite markers.
The results showed that the average allele number (N,), expected heterozygosity (H.), observed
heterozygosity (H,), and polymorphic information content (PIC) were 4.5~9.5, 0.516~0.733, 0.346~0.550,
and 0.472~0.700, respectively. The genetic diversity of the six brands ranged from high to low: Huanghua
R > Guangzhou Z > Guangzhou P > Hainan Z >Dongying M > Hainan S, and 48 Hardy-Weinberg
equilibrium tests were conducted on the 6 brands of L. vannamel using 8 microsatellite loci. It was
observed that, 4.17% (2/48) showed significant deviation (0.01<P<0.05) and 58.33% (28/48) showed
extremely significant deviation (P<0.01). Molecular variance analysis (AMOVA) showed that 12% of the
variance was from the brand, 24% was from the individual within the brand, and the remaining 64% was
from all individual brands. UPGMA clustering map showed that each brand of L. vannamei could not
cluster independently. The analysis showed that the six brands of L. vannamei clustered into two distinct
branches, Guangzhou P and Guangzhou Z clustered into one branch, and Dongying M, Huanghua R,
Hainan Z, and Hainan S clustered into another branch. PCA results showed that each brand of
L. vannamei could not cluster independently. This study preliminarily analyzed the genetic background of
L. vannamei cultured in China. The experimental results can provide data to support the breeding of
improved varieties of L. vannamei.

Key words Pacific white shrimp Litopenaeus vannamei; Commercial seedling; Microsatellite;
Genetic diversity
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