42 Wl B % U R Vol.42, No.1
2021 % 2 A PROGRESS IN FISHERY SCIENCES Feb., 2021

DOI: 10.19663/j.i1ssn2095-9869.20191022001 http://www.yykxjz.cn/

XRT, XUEHE, FLA, fOF, T, S840, Php, Wk, WRETe, mlk, 284 LNEEXIR SNP FRid TR S X R E%
KA. ol Bh# 3k g, 2021, 42(1): 108-116

Liu JY, Liu JH, Kong J, Dai P, Yu Y, Meng XH, Luo K, Cao BX, Chen BL, Gao H, Luan S. Development of SNP markers and
verification analysis of relationship on family in Litopenaeus vannamei. Progress in Fishery Sciences, 2021, 42(1): 108-116

NAENTER SNP #ri2 F &£ 5
REAFGERBIEDHT

Apg 2o HE2 LA R OF T OB EEa’
ZoW O wER’ KEAT B om' £ o4&
(L TR A K= ORI S SO TR R 222005,
2. KRR RSB B K= BRITI A bR T HEA AR T A T
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4, FEBAEWRIFT R ST 100 7R, SRR
L 6000 LR . DIMBALZE F A HEB IR £ F Fh
Y ETE AN 10 Z2ZXFURE R A 2R H AR
R, FERE R, sl i FEE T HhrtR e
WL T B FRR T o AR R, TEBEEEH AT &
G FESEEERE T, BB ing R
Bt | PR R AU R 412 /5 18 0 T AT R n
ALk (24, 2018),

TEAEG B R A, FR B I < mT A A T
B AR (Visible implant elastomer, VIE)WRIHA R ZK
Fo BfERBREMET IR T, B TIREEREE K
%, ZWRT A B e, kDR A0 ik
200 MLPA R FR o i HX K& A T AR IC 1Y
BUAK E HABRTFE ST, TEFR0H 1 8 Th 25 ) e A=y b
RN . N TBRCH RGNS, e FEA
RS R R IR, 7 A RN ERR A Rl R, AT
SR8 A5 DA B 2 A HER I

Wil 53 F 1 1) 2 JR RN 3 R RS R B AL, o T
(Simple sequence repeat, SSR). SNP(Single nucleotide
polymorphism) %43 FFric B 580 i g bR B A
HOBAR (R 4E, 2012), Hirpr, SNP bricd HAT #i
E NI T I PN s =B e N =1 ) & i A a1 e
P s, 38 2 A A A W 5 PR A v 1 4 A R RE f5 4 TfT
S RAEAAR () 35t S A8 K, T8 J LRI RTIR (T4,
2014; T #-%%, 2018) . H 7 JH #F (Macrobrachium
nipponense)( 3K k5 %, 2010) . #i L & 01 (Chlamys
farreri)(Jiang et al, 201 1) R EFF R . FIH
SrFARCEEE SNP ARCHFIT RS R R EE, EF
WEF RO AR) 2N HEERS, 2011 REESE,
2014), {HAEAK S A OGS IR 30 o A HoAth
YRR TS AN, AEARR SRR E , XA T
VR R A DL BT 3 AR HEAT SNP Arid /L, JE
MMERIE T PORG R R YEE , WA RUX e AR
MIEAE B, P EE T e i R

MHT, it DNA Fl RNA w5l 5 n] L3RG
KEMZAENE SNP 75, SR, SZHEPIH AR
EAIN - F1 3 BSR4 22 b K2R 5 ), AR 22067 5 7T e
SR s P, FIHEBRHEEA S, X E A
AT RV IE, JF R a2 8P SNP i, &
FEIE Sy A il Bh e 15 0 FE 2L A TAE o AHF5E R
CATET R BT AT EOR , ER T 37 MR A SR AF
B SNP i, JEXF 22 A LN X UF 58 R AT 38t 4%
ZHAE . RRERERCEFEEPr, BTERIT SNP
PRICAE PLAR X WR 2 7 b A AT A4, DA R 40+
P A AR LS

1 MREFE
1.1 SRIEHR

TEAO A FR G K F5 5 52 A% B R b (P K
BRAF 5 g B K =S BT 1 ) AL G AU
DR RPN, 3 S A FL BT AN E [ 28 R Y i
51 ANFEER, P LNENIR G2 RO B R
M, FFTE20°CIRE TR EANIRAZ . NIFEA
KAEE MR G2 A Rk 22 2[R
RER(E 4 MYERMEER), BOFRMMILE 9~10 2
AR, F3 T 218 BAMA, fin b 22 BACAR 20 BEEA,
YE A SR AR AR B, FARA AR BUIE B L A 21 21
&, WAHER, 80 CIRAFE . AHFFT il s 21 %K
8 vy o R 2 g T AR 9 BT S0 06 VA 3 A 2 B S S
gt 3k 134 A SNP 8 R HF SIS E

1.2 SR HE

DNA $2H(Z M T H:4%(2008) /077 1% . DNA HYJF
ORI B ol R R R AN A O B I A, R IE
DNA ¥ EE>50 ng/pl, W HEAE(OD 260 am/ODago nm)
e 1.7~2.0 Z 1o SRA 1% Bt B M R e HiL ik A6 )
DNA 585, K 58 B8 (I RE 5 B F-20°C UKAE %

1.3 SNP S &

BEPLI 24 BREFREANE, PR 24, &
12 BAMAR) DNA IRAE—#2 . MYEHE 5 DNA Eits
R, FRAHMRAY DNA RS 50~100 ng/ul. H4HE
JPHI{E ., i3 Primer Premier 5.0 # {4 3T L FiES|
Yy, ¥ WS IZALS A DNA B, PCR I IRF N
50 pul:0.25 pl Tag /(S U/ul), 514945 2 ul (10 pmol/ul),
2 ul DNA(50 ng/ul), 4 pl Dntp(2.5 mmol/L), 5 ul
10xPCR Buffer (Mg?" plus)Fl 34.75 pl ddH,O, FEFF:
94°C AL 5 min, 94°C 30s, AiEiE KIRE T 1 min,
72°C 1 min, 35 MER; &5 72°CHEM 10 min, 5[4
A RN R b AE T AR T AR A A B W 52 1 o

FH B0 80 0E SNP A 5 S A 7E UG
ARG R A R R , BIA Rz S AE R AR AT
2B BXTAAAE NG A7 5, 83T Genotyping
Tools & MassARRAY Assay Design #4111 PCR ¥"
W51 S ARSI Z & PCR Wit 2 4
ZEMAA, MITA R P s Rk I B
P F T B R B R AT B ) R 5 43 B B OR (Matrix-
assisted laser desorption/ionization-time of flight,
MALDITOF) 7 BURG I, 1 ish e pi A s 1 LA 4
FORA PR\ SCHFE A
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1.4 HIBELAESSH

SNP {7 s ER 25 B2 (He) . W 2% 55 B2 (Ho) Fl
L5 B EF R PIC)/Hrifid Cervus 3.0 (Kalinowski
et al, 2010) PR HEAT o 28 A (8] 1Y it A% B g ol i
POPGENE 1.32(Yeh et al, 1999)# 411445, £T3Ehm
KRS 428, f# Ff MEGA 7(Tamura et al, 2011)
il 22 MR RREE,

H AT, fe w0 E 1508 o2 HEBR
(Jones et al, 2010), HAv, F 2FHEEEHE 2R (Cumulative
probability of exclusion, CPE)FR/RHEBR A & H I EA
A 128 2 AR AU (Dodds et al, 1996; Heaton et al,
2002), ¥4k R K EiEH Cervus 3.0 (Kalinowski et al,

2010)4K 1138 1 8L SR % $% 1 (log likelihood ratio, LOD)
{EHI T 5347 -

2 R

2.1 SNP & &I

MFLEREw, 2 41IRA DNA HES A 83 A
UM IR U TR AN S PR — ) 0 PR i R
W, ARV 2 N ZEAE(E S BNALEE N
27 ANF1 28 4Y), B2 ANHA TS RIA 18 Al 19 4
SNP v s FE T A FEA T X REY 4 W) . ) L 64T
s 1) 3 3 0 BT 1 AR X AR A 9 37 A4S SNP A i 3547
SNP 73 BURGI , A 5115 B 1.

Fz 1 FLYEIES 37 4 SNP LS BISI41E 2
Tab.l Information of 37 SNP loci primers in L. vannamei

(DA el 15 1B il B2 FrBORN
Locus Type Primer sequence (5'~3") T (C) Size of fragment (bp)
SNl TIc R: TCGCGTTCTGAGAAGGAAGT 57 219
SNP2 AT R: TTTTCTTACATCTTCCTG 4 243
SP3 Tic R: AAGGAGATAGCGCAACAG 52 220
;
SNPS e R: TCGGAGCATCACAACAC 50 a1
0
;
.
sNPio. e R: ATGCTTTGGTTGAGACT L 276
NPl G R TGACTCGGTGAAGTTGTA & 265
NPz T R: CTCCCACATCAACACCAC 59 264
5
sNPi4 T R: CTTCAATACTTGTGCCTOA 50 248
SNPIS T R: AGACGAAACAACCGAAAGT 50 267
0
.
SNPI8 T/C F: ACGTGCTACCATGAAGT 48 244

R: TATAGACCGAAGGAAAA




XI55 FLANEXT IR SNP ARICTF A 5 K R ARG KR RUE T

gkl

(A Al EIL/2]) B R RE TGN
Locus Type Primer sequence (5'~3) Tm (C) Size of fragment (bp)
SNPI9. - AG R: TCCTTAGGCATACCTCT 50 216
}
;
.
NP A6 R: CCTTGAAGTCCGAGCCGTAG 53 274
NP2 Te R: AAGAGTTCAAGCAGGOA 50 294
.
’
NP2 Te R: GTAAAGGTCAACGAAAT 50 269
;
’
;
;
sen e LmSSwameTie
}
SNPs4CG R: GCATCCAGTTTCTCCCT a8 524
.
SNP37 T/C F: GATTCCAAAGGATAACGA 4% a2

R: AAACTACAATGTATGCGATA

22 HKEBEESHESH

A 37 A~ SNP Fric 43 BUAE B LA i X R
22 MRFRIATHAG ST, AR,
I (Ho) g 0385 SEXIUIM 2445 1 (Ho) N 0.34.
128545 B % i (Polymorphism information content,

PIC)% 0.30, J& T+ i £ A5 1£(0.25<PIC<0.5)(% 2).
23 FFXRREE

TE 95% M EAG A, FLANTEXTER 37 4~ SNP £
S R FR 2, 218 B TICE T LR L EH
MR ILE 3. FoREMNEMIEN T, CPE {HTE
95.04%~99.75% 2 If], ML % 58 SRAE 40% 2247 5 WGE
PEEFIEB T, CPE {Hfd 99.99%, WL % g %
H100%, SEPREEE A 77.27%,

24 REEREBEENBRESH

T FLANERTIF 22 MR R ARG, 2]
RAMPRESHE, WK 1, K& F11 M F17, F8
FUF10 435X R R &, Horr, FI1LATF17 %
Z ] Y3845 1 5 B /0N (0.04) , e S RAE—iEL ; F8 MTF10
FRNARAEIE B K 0.10, REERLRE &,

3 itig
3.1 BESHEMESN

ARG IE T FLANEERT IR SRl 5 R & 1T 37 A4
ZA&M SNP Frid. 285 B & (PIC) 245 I 4
DNA ZESBEMFEIRZ—, R Botstein 55(1980)
T SEHR 1 OR MY PIC R 43R, AW A T3 PIC
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2 FLAEIER 22 MRFRTE 37 4 SNP L5 LHIEME S HEM
Tab.2  Genetic diversity estimated using 37 SNP loci for 22 families in L. vannamei

{37 /5. Locus Ho He PIC E-1P E-2P E-PP HW
SNP1 0.31 0.48 0.36 0.12 0.18 0.28 ok
SNP2 0.55 0.50 0.38 0.13 0.19 0.28 NS
SNP3 0.36 0.33 0.28 0.05 0.14 0.22 NS
SNP4 0.34 0.48 0.36 0.12 0.18 0.28 ok
SNP5 0.22 0.25 0.22 0.03 0.11 0.18 ND
SNP6 0.03 0.28 0.24 0.04 0.12 0.20 ok
SNP7 0.16 0.16 0.15 0.01 0.07 0.13 ND
SNPS8 0.41 0.47 0.36 0.11 0.18 0.27 NS
SNP9 0.40 0.50 0.37 0.12 0.19 0.28 NS
SNP10 0.10 0.36 0.29 0.06 0.15 0.23 Rk
SNP11 0.12 0.28 0.24 0.04 0.12 0.20 ok
SNP12 0.46 0.45 0.35 0.10 0.17 0.27 NS
SNP13 0.05 0.08 0.08 0.00 0.04 0.07 ND
SNP14 0.54 0.50 0.37 0.12 0.19 0.28 NS
SNP15 0.53 0.48 0.37 0.12 0.18 0.28 NS
SNP16 0.14 0.39 0.31 0.08 0.16 0.24 ok
SNP17 0.35 0.40 0.32 0.08 0.16 0.25 NS
SNP18 0.49 0.50 0.37 0.12 0.19 0.28 NS
SNP19 0.52 0.46 0.35 0.11 0.18 0.27 NS
SNP20 0.39 0.38 0.31 0.07 0.15 0.24 NS
SNP21 0.49 0.49 0.37 0.12 0.19 0.28 NS
SNP22 0.21 0.19 0.17 0.02 0.09 0.15 ND
SNP23 0.29 0.47 0.36 0.11 0.18 0.27 ok
SNP24 0.54 0.49 0.37 0.12 0.19 0.28 NS
SNP25 0.34 0.44 0.34 0.10 0.17 0.26 NS
SNP26 0.49 0.45 0.35 0.10 0.17 0.27 NS
SNP27 1.00 0.50 0.38 0.13 0.19 0.28 ok
SNP28 0.24 0.30 0.26 0.05 0.13 0.21 NS
SNP29 0.45 0.42 0.33 0.09 0.17 0.26 NS
SNP30 0.30 0.26 0.23 0.03 0.11 0.19 NS
SNP31 0.20 0.23 0.21 0.03 0.10 0.17 ND
SNP32 0.46 0.46 0.35 0.10 0.18 0.27 NS
SNP33 0.31 0.42 0.33 0.09 0.16 0.25 ok
SNP34 0.33 0.37 0.30 0.07 0.15 0.24 NS
SNP35 0.15 0.18 0.16 0.02 0.08 0.14 ND
SNP36 0.28 0.32 0.27 0.05 0.13 0.21 NS
SNP37 0.06 0.23 0.20 0.03 0.10 0.17 ND
SEHI{E Mean 0.34 0.38 0.30 0.92 0.85 0.77 -

EiAE HIERES
Cumulative probability of exclusion, CPE
TE: E-1P: BTN B HEER 35 B-2P: ACAPERIC AN AU HEER 35 E-PP: XGEMEN ORI I HERR A 5 NS For
ANRFEE; O BE M O R E R s ND RTINS
Note: Cumulative probability of exclusion when the gender of dams were known (E-1P) or sires were known (E-2P) or

parents were all known(E-PP); NS: Not significant, **: Significant at the 5% level; ***: Significant at the 1% level, ND: Not
done

- - - 0.9504 0.9976 0.9999 -
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z3 NMPNEMIT 28 EFREFRREALETEERE

Tab.3 Accuracy of parentage assignment for 218 offspring in L. vannamei (%)

S LI s 5 0 el S
Genotype Observed assignment rate  Expected assignment rate ~ Real assignment rate
HA A Mother alone 43 80 -
LA 4LA Father alone 41 80 -
BEE (3 B JParent pair (sexes known) 100 100 77

TN 030, JE T EZAM0.25<PIC<0.5), 5]
F SNP A5 ic 3R 49 B9 FL 94 3 b o . B X AR
(Fenneropenaeus chinensis) iR 15 1% 22 kR4 43 B 45 S
FKPIGKET S, 2011; RERE, 2013), HHF5EERY,
R 2 0 By FLAR X HREIAS, 675 T 8@ 1 PIC
{H, F¥MEN 0.51~0.58(FRHZE5, 2019; #/NIN%E,
2019; fLKAR, 2018; ZEARFAE, 2015), sEHREH, F
FIENN SNP FRICAUE 2 NEEA LN, 5 SSR FRid
HHE, AR A PIC # K (Kong et al, 2014).

JUARTEXTHR 22 45K 2 Ho Al He V- 21E 5351 4 0.34
038, H HW FHEKIZEREW, H 30%M 07 55
Wt 2 O A, BRI AR 2t T 2R E, FAE
FEARETHRMING . 50 HGE 1 PLYRIEXT R AR5
14— (Jimenez et al, 2004), 7 7 [E %R (R K B
4%, 2005) . BKE7 %} 4R (Penaeus monodon)(Xu et al, 2001;
Premruthai et al, 2002) & PR 5T ot & A% &
Tk, BRBHAZ A T HJ0K & 8 G 3,
PEE A FEHEA N LA B ILR, T FEUE L =R L
FTE R, R AR AR 0 20 85 AR b 19 38 N M (B B4
2000).

3.2 REBEMEFLEST

MR RBRE P LREE R (E 1), WAEFRER
Zoh HARBIHE R 1 4(F11 #1 F17 e B E—i).
BAb—4 KR M ZE Z F8 M F10 v, F8 5 F12., F6 Fll
F10 e RAE—ie ., FFLL, X4 NF A (F6. F8., F10
M F12)H 3k 39 BAMASEI TR IS(E 2). I 2 7T LA
WMELH], F10 ZEPIEE 4. 5 5 DRSS F12
FET, F12 ZETHE 10 MERELE FI0 K&
. F8 Fl F10 RieFIERE—E, JRHATHEE F10
FETIRA F12 ZEPAE, T3 F10 KRBT 305t
fREF B, FERBRRAEML S F8 RARKAE—
i, B4 RIEMET], F8 Fl F12 & B4R
TFR—H, 2 M RERBPEGLREGT, WEEILER
KL,

TEACREARSCEME R E A E LT, 35 F I CPE
99.99% , WL % IR E] 100%, FR%E %5 2]
77.27%. Kazuhiro % (2010)F]F 29 4~ SNP X} H A

4= (Bovine) FE AR HE AT 3 UL /8 M, HSE B AT DGR
EHAIEN T, CPE 4341k 96.93%7F1 99.69%. #HE
W5, 7F 20~32 > SNP JuFEI N, 210 EFHERR
RIE 95.6%~99.9%Z [A](Werner et al, 2004; Anderson
et al, 2006; Heaton et al, 2002), SAHIZE 45 B —5,

F0 F5 FlI6
o o

F12

o)
F6 g9 F22

BT FLANIERTIR 22 KRR

Fig.1 Cluster analysis between 22 families in L. vannamei
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Fig.2 Cluster analysis among individuals in family
F6, F8, F10 and F12 of L. vannamei
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Zhu Z5Q017)FIH 6 X s T2 AR X BESY XF UFE17 5%
GRREE, TR ERILT] 89%, FRArF45(2013)
FIH 50 A5 2 A5 PERY SNP A7 5 %F 938 Sk 7§ 135 /R 24k
(Bos taurus) #1726 F %, A LIREEEN
41.04%, Sellars %£(2014)FFH SSR K Z f1 SNP 1A%
XFBET XU R R B I EAT LA, Sl S e g Rk
B, 60 > SNP ARiC 4 R AE 99% A 47 o ARWFFE L BR
Y RAI AR, JFETET SNP v 5 0 4 /> F A7
TEZR A Fo R, Toik 4Rt 7e R M Bk S th BT 4
PRI L SLACREAS , HARBE A A7 — e R R 2%
KFR, BARUER R, FECEL KR MIRH; Sellars
20145 W, FtiE SNP 7 S A s, sBg% %
RUERMER TR A3, X0 16) i T AR
B 2RI, 7E FLAN XS IR, DT 110~130
ABEHLEEE) SNP 5, SETRRLEER S Il ik
F] 100%.

BN e i I Y G N R WA B F S ER F U
H, PSR SNP FRicfCEBE Y HFR T IR R R
S — MR UER T TR . RIS, I SNP i
SRR, RER R RIS T
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Development of SNP Markers and Verification Analysis of
Relationship on Family in Litopenaeus vannamei
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Abstract The Large-scale family-based selective breeding can effectively increase genetic gain in
shrimp, but tagging individuals for tracking pedigree is time-consuming, labor-intensive, and would cause
inaccurate kinship. Molecular markers are effective in solving this problem. In this study, we developed
37 SNP markers derived from transcriptome sequences and performed analysis on genetic diversity,
family clustering, and parentage for 22 families of Litopenaeus vannamei. The results provided examples
for the application of SNP markers in selective breeding of shrimp. The results showed that the average
expected heterozygosity (He) and observed heterozygosity (Hy) for 37 SNP loci were 0.38 and 0.34,
respectively. Further, the average polymorphism information content (PIC) was 0.30, which means
moderate polymorphism (0.25<PIC<0.5). The half-sib family F11 and F17 were firstly clustered together
in the dendrogram and the genetic distance between them was 0.04. A highly cumulative probability
exclusion (CPE) of 99.99% was obtained when the gender of parents was all known and the real
identification rate was 77%. In conclusion, it is an accurate and feasible method to identify families using
high-quality SNP markers instead of physical markers when testing trait and tracking pedigree in
Litopenaeus vannamei.

Key words Family; SNP markers; Genetic diversity; Cluster analysis; Parentage assignment
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