ZEN /N - B ¢ BXiE % | £TF SSRAFIZAM 15 MALARIIRER Rt SRR L LM
Chinese Journal of Biotechnology

http://journals.im.ac.cn/cjbcn Dec. 25, 2024, 40(12): 4628-4644
DOI: 10.13345/j.cjb.240552 ©2024 Chin J Biotech, All rights reserved

- EYBAREFE -

£ T SSR #RIE S HF 15 PNLYEITEIZR RiRfE
LM IRE

i *’%)LZ EHMEC BEE? KExY FEL WBLES,
AN, BEAY, EX

N

1 7RG RS: K 2ERE, TR HHL 524088

2 TREBLNFEBE SRV I RARATT AR E R SRR E T AAESFMEESR
MRS LR E, TR T 510640

3 JTRARMNFBLEGE S AT, T4 TN 510640

4 WL BB, TR llE 516600

5 TAREHAEMBEARGRAR, 7R &4 525400

WRocws, 229l s, BGE R, KRS, S, XURR B, XIRM, & RN, WO T SSRARICAMT 15 A FLANEXT IR A R

WG ZREMERRAE S5 [T]. £ TRESE4R, 2024, 40(12): 4628-4644.

CHEN Wenchun, PENG Kai, HUANG Minwei, ZHAO Jichen, ZHANG Zhihao, GUO Hui, LIU Jinshang, LIU Zhenxing, LU
Huijie, HUANG Wen. Genetic diversity and structure of 15 full-sib families of Litopenaeus vannamei based on SSR markers[J].
Chinese Journal of Biotechnology, 2024, 40(12): 4628-4644.

@ E: hER s LA Xt 4T (Litopenaeus vannamei) F1 XAz S BHAR 6 45 % At e AE 454, RAR
RAVA 15 35 % MR SOMIEEZ Mt 15 MRS TLR RER 2 #4786 LE L5 5] (simple
sequence repeat, SSR)&FAritAnitF ZAF M oM. LR T T, FEiL4EH 154 SSRsAz 5 F, 45
M 112 A% 4% 2% B (number of alleles, N,), 60.453 /~F 2% 4% 3 B (number of effective alleles, N.),

% #1384 F (polymorphism information content, PIC)344 % 0.648. 154~ F1 KAZ S HF K A &
—‘T’-ﬁ] N, % 1.925-2.626, -F 34344 )% (observed heterozygosity, Ho) % 0.425-0.783, -F34H1% 4
4% (expected heterozygosity, Ho) 4 0.403-0.572. RKESATERMA, ISARKZEEZSHIANREE, &
AEBE B £ 0.252-0.574 Z 18], &K % 18 i 45 51k % # (fixation index, Fy)% 0.112-0.278, %&}] N
B EBRROGIAE S, RFRIEP IS M UREAMITR 2 B4 SR EY, hedmgHKFe

WNIH . BEKARR R E(32302977); | AR Bl B B AT ST 4 4:(2023A1515011066, 2023A1515010117); | %
é Alb B} 2 B B [ A0HT 0 I H (202138, XT202301)s | AR E 2 SR RIS % 100 25 £ A0l P8 24 01 H (2024-SPY-00-006); “+
VU T A48 AR 1 K 32 077 1) <4 15 4 )i i H (20228 DZ.GO1)

This work was supported by the National Natural Science Foundation of China (32302977), the Guangdong Basic and Applied
Basic Research Foundation (2023A1515011066, 2023A1515010117), the Guangdong Academy of Agricultural Sciences
Collaborative Innovation Center Project (202138, XT202301), the Guangdong Rural Revitalization Strategy Special Fund Seed
Industry Revitalization Project (2024-SPY-00-006), and the Open Competition Program of Top Ten Critical Priorities of
Agricultural Science and Technology Innovation for the 14th Five-year Plan in Guangdong Province (2022SDZGO01).
*Corresponding authors. E-mail: LU Huijie, luhuijie@gdaas.cn; HUANG Wen, huangwen@gdaas.cn

Received: 2024-07-07; Accepted: 2024-11-13; Published online: 2024-11-13



FR3CiZ % | BT SSRARE T 15 M LAEI IR REME BN RIB LR LN 4629

FB K L EATIF R A TARRAE T 242 FHEdE.
EHEIE: FLNIESTIT, 4 FARie: B FATEMK, B S AN, BHEH

Genetic diversity and structure of 15 full-sib families of
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Abstract: To clarify the genetic diversity and structure of the nucleus population of F1-generation
Litopenaeus vannamel, this study utilized 15 pairs of highly polymorphic microsatellite primers
to analyze the simple sequence repeat (SSR) markers and genetic diversity in 15 full-sib
families of L. vannamei. A total of 112 alleles (N,) and 60.453 effective alleles (N.) were
identified among the selected 15 SSR loci, with the average polymorphic information content
(PIC) of 0.648. The average Ne, observed heterozygosity (H,), and expected heterozygosity (H.)
in the 15 F1 families varied from 1.925 to 2.626, 0.425 to 0.783, and 0.403 to 0.572,
respectively. The 15 full-sib families were primarily clustered into three categories in the
phylogenetic analysis, with the genetic distance between families ranging from 0.252 to 0.574.
Additionally, the genetic differentiation coefficient (Fy) among the families varied from 0.112
to 0.278, indicating substantial genetic differentiation. Overall, this study suggested that the
genetic diversity of the 15 full-sib families was moderate, providing valuable genetic insights
for the subsequent breeding initiatives aimed at enhancing the tolerance of L. vannamei to high
levels of soybean meal.

Keywords: Litopenaeus vannamei; molecular markers; nucleus population; genetic diversity;
genetic structure
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AN, 3T 300 XU K FO 1SR AREAR, oF
TTANTET. RAEEmRM I AT
20 MR FR(F1 AL, M e IRUBE A B TR] A0
L R — FEREN SRR, 84K
FEEALEEHL 8 EXTHF, 3£ 120 & F1 fUXHF, SR
NN AL HICK BERE E RAE, AEARZE
Rl ZREVEPRAL AOREA

R 1 ARECS RIEERR (T R)
Table 1 Formulation and proximate composition
of experiment diets (dry matter)

Item Dry matter (%)
Peru fish meal 15.00
Soybean meal 35.00
Peanut bran 12.00
Chicken meal 10.00
Wheat flour 18.00
Fish oil 2.00
Soybean lecithin 2.70
Monocalcium phosphate 1.50
Vitamin premix” 0.20
Mineral premixb 0.50
Lysine 0.05
Methionine 0.35
Choline chloride 0.20
NaCl 0.30
Sodium alginate 1.20
Microcrystalline cellulose 1.00
Total 100.00
Nutrient levels®

Crude protein 41.95
Crude lipid 7.66
Moisture 7.62
Ash 10.72

* One kilogram of diet provided: VA, 3 230 IU; VD, 1 600 IU;
VE, 160 mg; VK3, 4 mg; VB1, 4 mg; VB2, 8 mg; VB6, 4.8 mg;
VB12, 0.016 mg; nicotinic acid, 28 mg; pantothenic acid
calcium, 16 mg; biotin, 0.064 mg; folic acid, 1.285 mg;
inositol, 40 mg. ®: One kilogram of diet provided: Ca, 1 150 mg;
K, 180 mg; Mg, 45 mg; Fe, 50 mg; Zn, 40 mg; Mn, 9.5 mg;
Cu, 7.5 mg; Co, 1.25 mg; I, 0.16 mg; Se, 0.25 mg. ©: Nutrient
levels were measured values.
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1.2 FLYUEXTUREFEZE DNA 2B A&

B 30-50 mg XTHFALPAAE b3 Y 5 A
PEHOHR XS N LA 5 1) B b AR H AL A 400 pL
21 2 S L (TR — Wzt 3k PR R4 B )
15 uL 5 K(BioFroxx), k%12, BT
65 °CHE IR AR 1=t BIH Ak 5 TEBT A F B Hh B AL 53
%100 pL AR, 43%% 3 i 500 uL/ALIK 75%2
Fist, PR BEFL 4% 100 pL/80 uL/60 pL (AR %
P it RS 432 X AR ) W I 5 Uk g B AR
B, FTFF NanoMagBio S-96 4= H sl #% iR #2 U
@I NG E R A RA R, SR r 2
fift 15 min, RMESERUE, ARG AR B L N
A 280 pL SENREE; BEEEXTNLREY, KA qY
RS MERRAE BFiE1T; BIrEmZ )G,
B¢ 2 uL DNA JF# 7£ NanoDrop 8000 43t )t B
71 (Thermo Fisher) I i#17 DNA ¥k EE kil , HX
2 uL DNA JFIRE N 2 pnL 18R 5 08 1 7 3B i vt
JEHL KA, R G A IS, REACRAE T 4 °Crk
IR DI
1.3 SSR 7 ES|¥N% it &

HR A PLAN Ve 0T IR 2 25 B[R 20 7 4 43 B i
SSR 5141, I35 15 X514 F 5258 (3 2).
SSR BT 5145 B B AR A 434 H L R —
PSSR A BR A R S8 . 510k 43Kk
G, BIERTE BT I B 21 bp B9k
FEo . RAESL L T PCR 9738, 25—40
WHSI LS. NSRBI SRS, 5
FHAT L F A [ PCR 7241, 5 — 2 Wil oot
S5 . RS 5% —2 0 PCR ™
Mg, R8I 21 bp #3kP A1
) PCR 7 #(Lh b AL R FE—~ PCR (K R FIFE
Pk, SRAHZOES T PCR P 41T,
i 5oty A PEOERA 1) B 195 T s 1
FLHZXT DNA BRI T4 3G , 15 27 98 6 A
i) PCR /=¥
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®2 RATAYENIFERETEE SSR #RIEER

Table 2 SSR markers employed for genotyping the Litopenaeus vannamei samples

No. Locus Primer sequence (5'—3’) Fluorescence labeling ~ Genomic location Physical position

1 Lv1017 F: TACAACAGGCGTCCGAGTTG HEX LVANSscaffold 1017 601 406
R: GACAATCCGCGTGATTCTGC

2 Lv1021 F: TAGACAGACGGGAAGCCTGA HEX LVANSscaffold 1021 86 894
R: ACTCCCAGCGTCTCTTCTCT

3 Lv1034 F: AGAAGCTGCGAGCAATCACT FAM LVANscaffold 1034 380533
R: ATTCCTACCATCGCGAGTCG

4 Lv1065 F: CACTCGCAAACGTGTTGGAA FAM LVANSscaffold 1065 637356
R: GTGGTCGGCCGTGGTATTAT

5 Lv1093 F: TCCGCGAAGTGAAATGGGAA FHEX LVANscaffold 1093 679356
R: CGCTCGAGCATTCACAGGTA

6 Lvli113 F: CCGCCGCCATTAACTATTGC FAM LVANscaffold 1113 304518
R: GTTTCGCCAAAGCACGTGAT

7 Lvl143 F: GGGTCGTAACGTCGCTAGTT ROX LVANSscaffold 1143 38676
R: TGGGTTTCGCCTTTACCACA

8 Lvl186 F: TCACGCAGCTTCTTCCTACG HEX LVANSscaffold 1186 1142179
R: TCCTCTTACCTGCTGCCTCT

9 Lv1208 F: TATCACCCAGTCGCATGCAG ROX LVANscaffold 1208 158 647
R: AGCCGTGTTATTGTGAGCGA

10 Lv1237 F: GTTTAGTAGCCGTGCTTGCG ROX LVANSscaffold 1237 56 788
R: TCGTTTCGGGTGATTTCCGT

11 Lv1259 F: TGGTGGTGCAACACAATCCA FAM LVANscaffold 1259 12427
R: ATAGCGAGGGAATTCTGCGG

12 Lv1279 F: AAGGTGTCTTCACGACCGTC ROX LVANscaftfold 1279 640228
R: CTTCGCTCCTCTTCCCACTC

13 Lv1340 F: GGCGAGAGTGCAACAGTACT FAM LVANSscaffold 1340 32622
R: TTGCTCTGCTTGTGCTCACT

14 Lv1378 F: GCGCGTGCATGTGACATATT HEX LVANscaffold 1378 1184322
R: CTGTGTCCTGTGCAAAGCTG

15 Lv1391 F: GGTCTACTCCACTCCGTCCT FAM LVANscaftold 1391 140 807

R: GGAGGGCAACACAAAGCAAG

EFR; 95 °CAsME 30s, 52 °CiB k 30s, 72 °C
SEAR 30 s, 25 DMEH; 72 °CLE{# 20 min, 4 °C
PRAF. PCR W5 WG, ¥ G40 B A

14 KFH PCR ¥
K H 15 X 2250 & /51 A6 120 & Xt iR
FEAS, FKWALE ABI Veriti 384well i PCR X

(Applied Biosystems) [ i#£47. 10 uL PCR "3 Sz
A& #4345 5 uL 2xTaq PCR Master Mix (Gene
Tech), 1 uL J:H 4] DNA (%) 20 ng), 0.5 uL |-
W19 (H B 10 pmol/uL), 0.5 pL FiE5 4k
FE 10 pmol/pL)F1 3 uL ddH,0. PCR ¥ 34 ¢ %
BN 95 °CHAME 5 min; 95 °CAEME: 30 s,

62-52 °CHEEEIR & 30's, 72 °CH#Effi 30's, 10 4
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B HL KA {8 ] GeneMarker {4 %45 5 347
OYMT, ARAFEEARE G 0 SR L PR Bk, e R R
ESEiTI
1.5 RHARICEME KN

D¢ NERRIE B A4S HL TR P 2K — 1R 45
FERBHE A BRA R e HARS BRI . (1) 28
& PCR ¥ 3452 15, B 2 pL PCR ;=¥ k4735
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e BEIR B VKA TN (1% E), Jd 3 PCR =4Iy
7 BN 55 B FI K& SSR 5117 1S iR S Fn g™
R, MAEAEA EALR IR R, X & 28
Jt PCR kA5 ke, 1528 % ¥ —ry 5t
PCR 77¥]. (2) ¥Hi e R5—WE P PCR
FEYINZE 384 fLROWART, BEEINATR G JE K
R, A SOV AL SR R 10 L, 346
1 uL %) PCR 724 .0.5 uL GeneScan™500 LIZ™
(Applied Biosystems)., 8.5 uL Hi-Di™ Formamide
(Applied Biosystems)o 5 HIAF A AS R0 1 1
KR B0 (4 000 r/min))5 it %] PCR 1Y _Lizfy
ASPHEFRIF (95 °C, 3 min), A58 A LRIV A,
(3) fi A ABI — U )JF{X 3730xl (Applied
Biosystems)# 17 &A1 B UKA I, AR AE AL
VR AR, BRI A 44 FR KT I F A6 0 SC A
1847 SSR FEA A I RE Y o
1.6 BB
1.6.1 [RIEHIESR

M ABI —fRI 7 3730x1 5 1) fsa #5 20
IR IR, ARSI AL S AT o 2R IAR S, 23
T A GeneMarker 43 Ak, BT HBE K AL 2L
PR, TR A PR 5 Excel [
YU 3 A PDF 43 200 0 [ SCF
1.6.2 EESHEM SN

TE GenAlEx version 6.501 &8 {F, &
SSR i/ s FREAR I £ st % ZREPER bR, (036
S 25 437 JE A (number of alleles, N,). A 30550
FE K (number of effective alleles, N). AR
(Shannon’s information index, I). ZAMEAE ETE
. (polymorphism information content, PIC), X{
I %= 4 JiE (observed heterozygosity, Ho). HIEE
s (expected heterozygosity, H.). it E3
(inbreeding coefficient, Fi) F [# % 4§ %X (fixed
index, F),
1.6.3 BAIREEMOIH

FIIH powermarker 438 A HEAA H] A5 4%

&: 010-64807509

FE RS o R AR AL X 5 AR 2474 (unweighted
pair group method with arithmetic mean,
UPGMA)#AT R, FFLHIFRRE LA,
FIH] STRUCTURE 2.3.4 B {45 120 AMEEA kA7
TR LS ¥ 4y B, 1 B R 2L (true number of
populations, K)>&7 1-19, Burn-in &4 10 000,
R Bl 4% 5% 5 R 1% {5 (Markov Chain Monte
Carlo, MCMCQ)i% 4 100 000, 54~ K {Hiz17 20 1K,
FFH) FAE4k T. 4. STRUCTURE HARVESTER 5
WAt AK (BB iR 215 ) o AR R
FE KRS AR 2548 7t i 25 SR 181 ] CLUMMP
1l DISTRUCT #4221l .
1.64 DFHETHMERRGE

MR IR AL G50 A 45 8, 7 GenAlEx
version 6.501 FR{ 504 FEAA ] R A4 4 1)
VAR T AR T TR Ak
Z B (fixation index, Fo)FIHERI (Ny), N %
Wright "B A AT . Np=0.25(1-F)/Fyo

2 ZERE54

2.1 1554 % S Mah

WL 7t PCR MBI LIk 7y, 15545
AL OB Beo /NI 1), iR 3 AT,
15 XF5 9078 120 DFEAS FpARAG I Y 112 4> N,
Hep, /0 NEHR 3, SR NJEH R 12,
AL N, BLH N 7.467. Ne B8N
60.453, ALK 1.425-7.595, V34
AL N4 4.030 | BIEEE R 1.491, H,F3
5 0.573. H. BIBUEEH1E K 0.680. PIC 0%k
VG R 0.269-0.855, F-3{H 0.648, FiF1y
{H—-0.208, ZUEH N—0.543-0.325,
2.2 HRAREREEZHEMN

&AL, 15K RERH N, 2.267-2.993,
Ne & 1.925-2.626, | A 0.645-0.957, H, N
0.425-0.783, H. & 0.403-0.572, H:+# POP15
FZ M N, N 23914 2.933 F12.626,1 4 0.957,

55
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1 FEHMAEIS SSR #RIE(Lv1378 F1 Lv1017) T 94 U I &
Figure 1 The example of genetic polymorphism identification (molecular genotyping) in partial SSR
markers (Lv1378 and Lv1017).

*3 SSRIURZESMERR
Table 3 Polymorphism at the SSR loci

SSR locus N, N, | H, H. Fis PIC Significance
Lv1017 5.000 2.443 1.086 0.605 0.591 -0.299 0.530 oo
Lv1021 6.000 3.565 1.514 0.683 0.719 —-0.384 0.688 ok
Lv1034 9.000 2.737 1.369 0.630 0.635 —0.287 0.598 ok
Lv1065 12.000 7.595 2.198 0.563 0.868 0.034 0.855 ok
Lv1093 11.000 7.349 2.119 0.420 0.864 0.201 0.849 HoAk
Lvl113 6.000 2.363 1.199 0.602 0.577 -0.317 0.545 ns
Lv1143 5.000 2.473 1.111 0.567 0.596 —0.543 0.542 ok
Lv1186 3.000 1.425 0.548 0.333 0.298 —0.419 0.269 ns
Lv1208 11.000 5.388 1.926 0.633 0.814 —0.083 0.793 oAk
Lv1237 11.000 6.758 2.100 0.874 0.852 —-0.373 0.836 ok
Lv1259 5.000 1.766 0.900 0.317 0.434 —-0.061 0.410 ok
Lv1279 5.000 3.697 1.455 0.617 0.730 —-0.192 0.691 Hrk
Lv1340 9.000 3.164 1.539 0.267 0.684 0.325 0.656 Hkk
Lv1378 5.000 3.272 1.307 0.689 0.694 —-0.362 0.638 *x
Lv1391 9.000 6.458 1.989 0.800 0.845 —-0.358 0.827 ok
Mean 7.467 4.030 1.491 0.573 0.680 —-0.208 0.648 —

« koo

ns” means not significant, that is the population conforms to HWE; means significant difference P<0.05; “**” means

significant difference P<0.01; “***” means significant difference P<0.001.
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Ho 4 0.783, H. 4 0.572, ¥mFHMAER, £
W] POP15 5 & MR 5 A% Z R L HAth 8 R T
F5 o LAk, U POPS K& F HIE%L 0.008,
HARRZY AT, X 15 M FEFRdEL 15 4
SSRs v i #E AT S 3 - I A7 4% 352 % °F 7 (Hardy-
Weinberg equilibrium, HWE)K: 56 (5% 5), FrE %
FHEZEATE 8 MR EFFS HWE, &K & 705
TERRA LS R P HWE (W Es, B
MR T G TR

23 EEEBS5RESN

I powermarker 7158 15 K & 8] )15 4%
et Hih 5 & POPO1 5 POP07 2 [a {4
PE 25 5% K (0.574), POPO1 5 POP09 2 [f] 38 f£ iH
Bi/N0.252) (K 2). T Nei’s itk g, %
FHl UPGMA 755} 120 & ML EEXT IR EF T 3250
Br, PRI 3 A EEEBE(A 3), H,
Cluster 1 fU$5 POP7 I POP15 L 2 %R
Cluster II f3§ POP1,POP3 POP4,POP5 . POP9

*4 15 NMLEXNIT2ERR RENZE SHMELR

Table 4 Comparison of genetic diversity among 15 full-sib families of Litopenaeus vannamei

Family N, N, | H, H, F
POPO1 Mean 2.667 2.240 0.804 0.542 0.480 —0.112
SE 0.232 0.205 0.106 0.097 0.061 0.117
POP02 Mean 2.400 2.004 0.687 0.475 0.421 ~0.102
SE 0.235 0.185 0.108 0.091 0.065 0.103
POPO03 Mean 2.267 1.925 0.661 0.458 0.418 ~0.097
SE 0.182 0.160 0.092 0.088 0.057 0.128
POP04 Mean 2.267 1.928 0.645 0.425 0.403 ~0.067
SE 0.228 0.194 0.104 0.077 0.061 0.101
POPOS Mean 2.400 2.108 0.766 0.492 0.490 0.008
SE 0.163 0.176 0.067 0.086 0.032 0.151
POP06 Mean 2.800 2.467 0.883 0.683 0.523 -0.295
SE 0.243 0.243 0.105 0.084 0.056 0.070
POPO7 Mean 2.733 2.283 0.867 0.717 0.531 ~0.349
SE 0.182 0.163 0.068 0.051 0.032 0.047
POP09 Mean 2.600 2.308 0.837 0.575 0.518 -0.071
SE 0.214 0.188 0.089 0.100 0.047 0.148
POP10 Mean 2.600 2.127 0.790 0.567 0.480 ~0.092
SE 0.163 0.184 0.078 0.081 0.043 0.130
POP12 Mean 2.533 2.175 0.792 0.567 0.490 ~0.127
SE 0.192 0.204 0.081 0.076 0.040 0.107
POP13 Mean 2.400 2.115 0.731 0.575 0.449 ~0.290
SE 0.214 0.188 0.109 0.089 0.065 0.072
POP14 Mean 2.400 2.027 0.722 0.567 0.452 ~0.257
SE 0.190 0.180 0.085 0.081 0.048 0.107
POPI5 Mean 2.933 2.626 0.957 0.783 0.572 ~0.362
SE 0.228 0.231 0.088 0.065 0.040 0.071
POP17 Mean 2.667 2.152 0.756 0.617 0.446 ~0.364
SE 0.270 0.236 0.114 0.091 0.062 0.038
POP19 Mean 2.533 2.112 0.763 0.558 0.469 -0.210
SE 0.215 0.201 0.090 0.063 0.048 0.071
Total Mean 2.547 2.173 0.777 0.573 0.476 ~0.187
SE 0.055 0.051 0.024 0.021 0.013 0.027
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% 5 Hardy-Weinberg F &4
Table 5 A test for deviations from Hardy-Weinberg equilibrium

Family

Locus

Lv
1021

Lv
1034

Lv
1065

Lv
1093

Lv
1113

Lv
1143

Lv
1186

Lv
1208

Lv
1237

Lv
1259

Lv
1279

Lv
1340

Lv
1378

Lv
1391

Lv
1017

POPO1

POPO2

POPO03

POP0O4

POPO5

POPO06

POPO7

POP09

POP10

POP12

POP13

POP14

POP15

POP17

Probability
value
Significance
Probability
value
Significance
Probability
value
Significance
Probability
value
Significance
Probability
value
Significance
Probability
value
Significance
Probability
value
Significance
Probability
value
Significance
Probability
value
Significance
Probability
value
Significance
Probability
value
Significance
Probability
value
Significance
Probability
value
Significance
Probability
value
Significance

0.205

ns

0.028

0.501

ns
1.000

ns
0.346

ns

0.028

0.353

ns
0.445

ns
0.090

ns
0.514

ns

0.046

0.514

ns
0.686

ns
0.471

ns

0.346

ns
0.850

ns

0.346

ns
0.514

ns
0.475

ns
0.522

ns
0.046

0.046

0.046

0.053

ns
0.092

ns
0.090

ns
0.452

ns

0.199

ns
0.686

ns
0.076

ns

0.501

ns
0.410

ns
0.514

ns
0.624

ns
0.346

ns
0.239

ns
0.011
0.046

0.028

0.339

ns

0.031

0.009

*k

0.850

ns
0.176

ns

0.015

0.154

ns
0.238

ns
0.217

ns
0.053

ns
0.346

ns
0.193

ns
0.828

ns
0.310

ns
0.273

ns

0.040

0.045

0.005

ek

0.148

ns
0.005

&k

0.170

ns
0.199

ns
0.005

A3k

0.514

ns
0.013

0.667

ns
0.012

0.522

ns
0.310

ns

0.046

0.469

ns
0.346

ns
0.514

ns
0.199

ns
0.501

ns
0.346

ns

0.514

ns
0.199

ns
0.314

ns
0.199

ns
0.021

0914

ns

0.005

&k

0.046

0.686

ns
0.199

ns
0.346

ns
0.046
0.353

ns
0.199

ns
0.005

Hx

0.046

0.346

ns

0.199

ns
0.090

ns

0.199

ns
0.046

0.346

ns
0.199

ns

0.514

ns
0.850

ns

0.124

ns
0.572

ns

0.040

0.090

ns
0.161

ns
0.233

ns
0.184

ns

0.045

0.217

ns
0.075

ns
0.469

ns
0.572

ns
0.192

ns
0.514

ns

0.134

ns

0.046

0.081

ns
0.198

ns
0.346

ns
0.082

ns
0.239

ns
0.205

ns
0.170

ns
0.233

ns
0.046

0.038

0.238

ns
0.082

ns

0.046

0.199

ns

0.346

ns
0.514

ns
0.161

ns
0.346

ns
0.005

kk

0.686
ns
0.035

0.346

ns

0.141

ns
0.100

ns
0.353

ns
0.346

ns

0.035

0.346

ns
0.134

ns
0.046

0.013

0.501

ns
0.514

ns
0.199

ns
0.046

0.184

ns

0.135

ns
1.000

ns
0.514

ns

0.040

0.005

&k

0.212

ns
0.320

ns
0.005

A3k

0.005

&k

0.005

]

0.501

ns
0.090

ns

0.686

ns
0.081

ns
0.733

ns
0.405

ns
0.405

ns

0.046

0.09

ns
0.17

ns
0.161

ns
0.199

ns

0.028

0.514

ns
0.184

ns
0.659

ns

0.010

&k

0.154

ns
0.217

ns
0.667

ns
0.062

ns
0.314

ns

0.046

0.469

ns
0.198

ns
0.346

ns
0.733

ns
0.346

ns
0.222

ns
0.238

ns
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(823 5)

Family Locus

Lv Lv Lv Lv Lv Lv
1021 1034 1065 1093 1113 1143

Lv Lv Lv Lv Lv Lv Lv Lv Lv
1186 1208 1237 1259 1279 1340 1378 1391 1017

POP19 Probability
value
Significance ns ns ns ns ns ns

0.053 0346 0.082 0.557 0212 0.170 0.514 -

0.013 0.090 0.320 0.199 0.346 0.199 0.346

ns — * ns ns ns ns ns ns

“ns” refers to Hardy-Weinberg equilibrium; “*” refers to a significant deviation from Hardy-Weinberg equilibrium; “**” refers

to a significant deviation from Hardy-Weinberg equilibrium; “~” refers to only one genotype at this locus in the population,

without this value.

POPOI

POP02 —..
POP03 =
POPO4 |-
POP05 |2

POPO6 |- .

POPO7 |
POP09 .
POPI10 |-
POP12 |
POPI3 |
POP14 |
POPI5 |
POP17 |-
POP19

104

0.0

POPO1 |
POPO2 |-

2 15 MLYLEXT R £ E MR RIZE R ERE

Figure 2 Heat map of genetic distances among 15 full-sib families of Litopenaeus vannamei.
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Cluster 1
L Cluster 1

Cluster 111

Tree scale: 0.1

3 120 BALAURITEREY R 2 574 B
Figure 3 Dendrogram derived from UPGMA cluster analysis of fifteen SSR marker alleles of 120
Litopenaeus vannamei individuals distributed in three clusters.

A B
20 1.0
AK=mean (|[L"(K)[)/sd(L(K})
15+ 0.8
.6
10 + 0
4
0.4
5 L
0.2
0 L = — = =4 '
1 1 1 1 0.0
5 10 15 20
K

4 120 EFLYVESIEIRE AN A: Structure AT AK 5 K HITZE. B: 120 B
2 Y Kof R A 8 A% 2485 ) ]

Figure 4 Population structure analysis of 120 Litopenaeus vannamei individuals. A: Line chart of delta K
and K values based on structure model analysis. B: Population genetic structure diagram of germplasm
resources of 120 Litopenaeus vannamei individuals.
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®6 TEMDTHEDIN(AMOVA)
Table 6 Molecular analysis of variance (AMOVA) of population

Source DF SS MS Est. Var Percentage of variation (%)
Among Pops 14.000 364.808 26.058 1.418 25
Among Indiv 105.000 353.438 3.366 0.000 0
Within Indiv 120.000 513.000 4.275 4.275 75
Total 239.000 1231.246 5.693 100

DF: Degrees of freedom; SS: Stdev square; MS: Mean squared; Est. Var.: Estimated value at risk; Among Pops: Among
populations; Among Indiv: Among individuals; Within Indiv: Within individuals, which refers to genetic differences caused by
heterozygous alleles, the magnitude of which is related to the number of heterozygous loci in an individual, i.e., the genetic
diversity of the individual.

KT BN AARENNEERBERABHERR(E=ZA)MEEIULRB(T=/H)

Table 7 Genetic flow (upper triangle) and genetic differentiation coefficient (lower triangle) among 15
full-sib families of Litopenaeus vannamei

Family POPO1 POP02 POP03 POP04 POP0O5 POP06 POP0O7 POP09 POP10 POP12 POP13 POP14 POP15 POP17 POP19
POPO1 — 1.043 1253 0.753 1465 1.659 0909 1.729 1269 0.835 1.055 1.129 1241 0925 1.229
POP02 0.193 - 0.831 0.723 1.072 2224 0.772 1211 1599 1.089 0.834 0929 1.066 1.609 1.034
POP03 0.166 0231 - 0.650 1500 1.179 1.331 1.341 1355 0954 0.750 0956 0953 0.990 0.841
POP04 0249 0.257 0278 - 1.010 0984 0.888 1.243 1.070 0915 0.719 0.926 0904 0.768 0.805
POPO5 0.146 0.189 0.143 0.198 - 1449 1.165 1.899 1.648 1218 0.925 1418 1564 1.098 0.984
POPO6 0.131 0.101 0.175 0203 0.147 - 1.173  1.611 1929 1428 1492 1439 1533 1514 1.987
POPO7 0.216 0.245 0.158 0220 0.177 0.176 - 1.194 1.193 1215 0951 1261 1377 1.077 1.135
POP0O9 0.126 0.171 0.157 0.167 0.116 0.134 0.173 - 1493 1372 1.045 1233 1325 1223 1.154
POP10 0.165 0.135 0.156 0.189 0.132 0.115 0.173 0.143 - 1.390 0.888 1392 1.176 1.715 1.161
POP12 0.230 0.187 0208 0215 0.170 0.149 0.171 0.154 0.152 - 1.180 0.895 1271 1344 1.111
POPI13 0.192 0.231 0.250 0.258 0.213 0.144 0208 0.193 0220 0.175 - 0922 0983 0958 1.183
POP14 0.181 0.212 0.207 0.213 0.150 0.148 0.165 0.169 0.152 0218 0.213 - 1252 1.014 1.193
POPI5 0.168 0.190 0.208 0.217 0.138 0.140 0.154 0.159 0.175 0.164 0.203 0.166 - 1.113 0979
POP17 0213 0.134 0.202 0.245 0.185 0.142 0.188 0.170 0.127 0.157 0.207 0.198 0.183 — 1.166
POP19 0.169 0.195 0.229 0.237 0.203 0.112 0.181 0.178 0.177 0.184 0.174 0.173 0203 0.177 -
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