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EF#mESE<EES 1 755K SNP EEF R LYGERTER
UIRIARE R ssGWAS F1 FarmCPU 94

7 &7, 3 A, T ¥, # O, B oM, KREA,
VEowE, A W, ZEal, K P, xR
B O#, oL, x4F, &4
(1. Bl KRS E a0, LilE 201306;
2. R EK PR R A 5T R B K PR AR, KSR B Rl 5 AT R e 4 [ S SEIG E,
B SR PO RO R S e B R T RE SRR, IR H i 2660715
3L IE KRB ARAR, W R 572633)

BE: HEx B 5 ANMEMTAERMERM X SNP AL ATy 2 E, AFXEATREE
AREEKFENAFT R SERZLE BAZRBTEKRFENR, AABREEREE
157 (55K SNP) at H o 39 NF ZA/AMK AT B A H oA, @it ssGBLUP 7 % 1t 7
WRE MR B A 43 S B, IF 8 KR E ssGWAS Fu FarmCPU o7 3 A7 7 T #6 § # % Bk
#ySNP L A R h b H . RESHMEITERD T, RRKENEZE LN 047, RAL+E
K, RAZBREREARAWREH R H. ssGWAS Fo FarmCPU i £ R B o<, W A
TR R E T 2N 6 A A B 4 KT B F KB SNP L & (P<1.26x10°), &£ & T R
BENR 2.71%~6.76%, HoHEaME 14, 2R fFE2 9N 14 N2EEH K FEEDE
3 B SNP i & (P<2.523x107°), F* A & B4 B % % 1.33%~6.76%; QQ H & &, Farm-
CPU %z ssGWAS 4 E4F M= 6l A 5 R B Mo RIE 7 AN ZF K BH SNP L £ B
BISAEHREE, 5HERA. AKX FRGEERBSFIRAL. EFETHMH L L
B EF R A EREER 2 A E LOCL13809777 5§ LOC113809778, #I 4 A 1% 3t ¥ & o f#
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BRERZEXRKNSNP LA, FARERANBITAERKERN R EEMBRETEESE,
FHRIA): L4 E 5 aF; ssGWAS; FarmCPU; A& ; B 2 B SNP {1 &
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JE Y AR 2 U R K SR A R R
DI R N Rl e B MR E & 2 N
AT X IR E R E , AR EORE 5] T KR
JERCR, A T LA ENE R T A5 S AR A P
HAERKRAM, FPRCOPRRRR M, SR, BEE
1o B T AR SR FE B AN, el X i AR
P A DR B T B S SR . R, A
AR EE R, e S ORI 2 OCER Y
SNP i £, % OCHE L A Mm%, L R 4]
S THIBE A, Rt DRSS E R
LI,

4 FE R 4 K BE 4 BT (genome-wide association
study, GWAS) J 7 X423 K 20 1 [ P9 19 38 A4 b i
BTN NG44, DAY s R i 2 2 Mtk A
KHBAERRIC, AT BOR 7R B S MR s A%
FER A EE Tk . MR TR A LAY (mixed
linear mode, MLM) [ B0V 55, GWAS Zr#1 ik, L
S i 47 S5 LGRS IR A E T REAE JC Y
SNP {37 i o PN F) FH BRI B e AR A0 ML
AR IR AR UEAT GWAS 34T, ik 33
FORHERY SNP s, f#RE T 33.52%~53.92% I3
TR S o SRTT, EA T2 R AL A GWAS 71
Mroris, AMEREARRERN (<300 ), HAFEIF
ARBEBMAIEFEE, XrREaX GWAS 447
S5 TR0 AT A BE P AR B

TEXTUFIEAL Z R B M E , lE SRR
I ZHAARB I R IG5 B . Garrick 5 g7 T
F R 73 RUAS A 114 25 151 U5 7 Fl (. (deregressed estia-
mted breeding value, DEBV) f T8 ik, [RB)KF:
T2 1R AV R IS5 I ABLAUE T4 RIS 1Y
DEBV. T 74 DEBV B HU AL A B, ] LA
YN ZA BEDLASON T 5 RO, REA R 51 B 35
B o R A6 1 RO R, A Sy PR A e
1T GWAS 73 #r i L R ALE B #ERf . DEBV fUEF
KA T A 2 i gy 4= fnaet S5
BLEPEIRE GWAS Jrffrh, S8 H 520
FL . FLIRAIE A SRR i 25 JCHKAY SNP FRic.

SR, 3T DEBV [ GWAS 43 #7224 7
AT, MIXE AR, Aguilar 8 H2H T —2 GWAS
(single-step GWAS, ssGWAS) 75k, FlFH— 3
2 f A 2 % JC e T 75 (single-step genomic best
linear unbiased prediction, ssGBLUP) & &FAE B |
FRIGE BB AUE QAT GWAS 38 AR
BRBE B 1) ssGWAS - Hr 45 R & BL, 5 Single-
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SNP Fl GBLUP-GWAS # Lt , %5 iL7E 2. 3 Al
1SRtk |2 5E B T 219 SNP LA (66 vs.
13, 16). A T IHBRTE MLM H5 | A SRS S R A
PR SE F B8 Bl R AR B[R] ™), Segurad: !
P T 20 5SR-S AL (multi-locus mixed-model,
MLMM) J77% . Liu S8% & T —Fh 58 848 i
RV T B AL A5 A B ARG AL 22 60 s GWAS 73 T i
FarmCPU Jy 7% (fixed and random model circulating
probability unification), BE5¢ 4 Ek T tric S
RGRFZMIRME , X T e 45 R e vk .
BEXEULRE I I AE MR 1 GWAS 3 #r45 R R B,
FarmCPU AUA =6 T P AR, 6 s
Y T 5 ITAE R VA OB AL . B T
sSGWAS Hl FarmCPU J5 41 XF FLA i %) M 44 o
ARITIE GWAS Z3 B BRI S 18 oK WA I

AR S AR 18 FLAN X R PR R F
ODRHEZ FE RTINS, FIRTBORH S e
.6 15(55K SNP) Xif H i 47 5y 38 12t 55 1A 43 A
S TSR R RS B ORI, ATk
FESEG 1 ssGWAS Fl FarmCPU J7 ik %l
XA B AT GWAS 38, i 7T B Y SCHR o7
Fo BTSSR Sy PLGA R BRSO A E MR Y
I3 T B A AR A 1 IR PR IC R AR

1 MRS TA

1.1 SEIHR

AR ST T {68 R A FLAR T X6 IR Sk 1 9 T P I K
PERMEABRA R, A4E 2021 4F 9 AW IRE
2 GO2 1 64 NFEF, LAKGIFEZRE CBEA 10
MRFR, Wi 714K FR, H, MO
H 2019 4EFF IR, BEIEF TR Z A FE A
AR ERER P IEA R 240 A BREA . SR E
A Fi1 B B4,

1.2 AR

A K R A IR AE EAR N 4.5 m 1 24
WO YREAG (B1. B2) hittr, /KOIEE 0.5m,
TKARAETRZ) R 7.95 m*, 202246 1 H, X 14 4%
RIETHARIE, AR R ARC 25 BEF,
HitARid 3 700 B, 43 BCA 2 A B IR A R
FEINK, FRPEEE N 233 JB/m’, B RIKE 80%,
2 & 2o 35% BN TRCA R T3
BRI SR, BRBMENIRER 10%, F7HE
57 d JEiC s ORARE , STt FRIEAAE R
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1.3 EERLZE

{55 3 B DNA 2 B ) 0 % 75 FAz 00 B
T 91 R 724 BT AR LR A 81T
DNA 2, Hd, 7724 B, kA WA RFR
WA R R BT 39 MK R . FIH GenoBaits 4
B 4 AR B AR ) VA S BT ES 1 555K SNP
i 8 B )0 Y SCE i FH MGISEQ-T7 Il J3°F
BTN, @ PLINK!"Y EAT R, iS5
A --geno 0.1 --maf 0.05 --mind 0.2 ”, XJfULE B AL
PEAG Fh P Y 815 2 S AR AR/ A 17 25 R U A
BT B, R8T 808 BMAF 45 649 4~ SNP
Frid. XHHUFE GWAS 2 i G 724 B4
Wy B R HEAT B4 (SR ), RE T 717 2
AR 45 697 4~ SNP fric, #E—2F (i 5] 44 4~
RSG5 39 640 4~ SNP FRic,

14 ERS¥MET

FIH R E 5 T H5 A 1t v X MR SR A ) -
BIE . B/ME . BORME . b2 Dl R 7 R AL
ZEE AR ALE B, 1] ssGBLUP BEAUfli i1
RHE MRS I 2247 0 SR 2 336 AT AR ALEL
i, Horb 808 R R 3 BIAMA, ] BLUPF9O!™
FEIP AR A RS- A G R W A (H 1)

N
X, AU IR T RGBSR s AL A DG K
WERROREIE , AS) T 3 S0 M A S 4
A BRI T A5 R OGRS R B, G BT
RN R G R, GHIFFH Van-
raden' 37 TR 1 MR

77’

¢a3Pa-p) @
K, Z HRE oAb e B SRR N R
PR 7R AL R S B PRI

i F ASReml-W 'V 4.2 " fili 34 FL gl 52 6 3R Wi
PARTE B SH, ARSI PR .

Yijk = p + Tank; + Sex j + Bbwy(Tank; : Sex )+

ar+ejjk 3)

K, yip R k BEBGRIAE (g), 1 Fw
SR YIE, Tank 3278 55 7 A0 364t [ 2 2G0T,
Sex ;& R 85 j A il [ BN bwk(Tanki : Sexj)
FORWATEE i A 556 /R0 58 B[ e &%
NN SR k RAMRBIPIGR R E PR &, BRI IR

R E K7 2: 2 E /) sponsored by China Society of Fisheries

TR A R, e B k RBASR R
WAL (BEHLALY), a~NO,Ho2), o2 khntk
WL T 22 ey RN K RARMBENLR 2, e~
NO,I07), oo ikET 2%, FRI X0, =0s+07;
Bl n? = okjod,

1.5 DEBV it

FIH &G B A~, s ES it
WAL 1, TN R BN R EBV. A T i
. DEBV, B eARYE LT AR AMEK EBV
MHERTE ()

2
P se (BLZUP) @

Oa

X, se(BLUP)Z % EBV MIFRHER, o2&tk
WL 2%, A3 e, PRI T ARi14E DEBVY,

EBV
DEBV = —— Q)
r

1.6 ssGWAS 9

fii i BLUPF90"™ 2 J¥ #f 17 ssGWAS 43 #7
EELR . BB SR TR R H
P ssGBLUP Ay £k Pk TR A Ry A5 70 7 2, [l A
R A AN A AR O I O s 5 A B SR A
(0) ek P TR A R M R B HERR RN
SNP RV {E ; 155 SNP AR R ; 1155 SNP (¥
P{H. & SNP () P EITHE A

pval; = 2[1 —tp(s d%_))} (6)
X, o BEWRMEIEZS KB, @ M5 i 1~ SNP ()
RONLAE,  sd (ar) A a; AR IER o

1.7 FarmCPU &1

fdi i R 43 tMVP!"™! tft FarmCPU J7 ¥ 17 2 0f
M GWAS 78T, [ RO 5 .

vi = PCiay + PCyas + PCzas + M1 by +

Mpby -+ Myb, +Sjd; +e; @)

K, yi b i BAMAR DEBV; PCy. PCy. PCs
& FE A TR =8 E RS, a1, ax. azftEE
AL BN AE 5 Min s Mip...Mi 2R ¢ A A B A5 Y
R T R SCI N7 o A FE R, 5 — U A QA s i i
WA RES, by, by b RN EIRINAE ;SR
i AR ARG SNP ARICHYFER R d; AR R
MIZCNAE ; e iik2E, RNTFECH 0. rEN
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o2 IEA S YLK 8 2 SNP 7 G AT BE N TR, B L
BERLAL AR . “Gene”ZE RIFR ML >k, IRl NCBI#EAT A5 if]
_ 1E“Gene description” I 4% FIAH I HE A i ik
Yi=ujte; (®)

KLrf, W5 i BAMAR DEBY, w b5 i BAMA
BB AER0N, i~ N(0,2Ka2), K SRR AT AES
HRA S TR SR O BRI, o2 RS AL
2% e NFRZE, RMFBECH 0. FrERa2iE

{8 I Bonferroni £ 1F J5 ¥ ) 1 4= Fk PR 4H /K F
B A, R A K RN

0.05  0.05
== =126x%x107° FHE R 4H 7K S P
N, = 39640 1>< ,1 4 5L R 41 7K OF 1%
BERENEN P —=—— =2523x107
TE I EBEHEE N N = 39640 X ,

Hr N, & SNP FRicEE .
1.8 1RIEEMHE

2% Yu G GE , ARRE SR A T R
SNP i &5, b R ilff+40 kb X 48 i 5 K . i ] NCBI
B 2 (https://www.ncbi.nlm.nih.gov) H #%) FL 44 Ji%
X IR 6 DR 4 93 R S (GCF_003789085.1_ASM
378908v1_genomic.gff) XJ I it 5 i 15 3| () 4= 5L

ARBFFCRRA T EEKPRRE BF9  B K 7
PR 52 50 3400 6 B G P8 2% B e, 5
oo A X T S o K PR BB
BEK PO A LS, 4% I [ K 2R
BIFGE 5 0K 7 9 7 £ B2 3R 2 2 O ML 4
BT

2 4

2.1 RS

WA AR A R XL A R M ST S O R 1
4 74 DNFKFR VIE FRic AR I B IR FE AR 15 R
9 74.56%, FIIAEE 15.68 g, HHERE N 26.84%.,
Hrp, 78 B1 B R FRFEAE S R8T B2
W, H IR R T B2 A4, P S EE Bl
AR T AR R ORAR B ER T B2 B, L4
ROk A A KRB 39 MR AR,
AR FIE & T AR BOR A E I E

®1 AEMNITBERFENER LGSR

Tab.1 Descriptive statistical parameters of harvested body weight in different populations of L. vannamei

VIEFRiT T WHRAAEE  weight
~ RAME oo YR SR IR o,
?’ﬁﬁ; no. d\ﬂﬁiluvj no. of hno. of survival o o o, WEZE/g R REY%
population families " D VIE-tagged . dgrydestl rate A EX./JT fa/g Bﬁﬂﬁ/g standard  coefficient of
individuals mdividuals mean  Minimum  Maximum g, tion variation
BT A A 74 Bl 1850 1287 69.57 15.95 6.50 35.60 4.16 26.06
all tested individuals
74 B2 1850 1472 79.57 15.45 6.00 35.40 4.24 27.46
74 e 3700 2759 74.56 15.68 6.00 35.60 4.21 26.84
total
HF K 38 Bl — 347 — 17.61 7.30 35.60 4.41 25.04
genotyped individuals
39 B2 — 377 — 16.82 7.20 35.40 4.54 26.99
39 40 — 724 — 17.20 7.20 35.60 4.50 26.16
total
: VIE. AR ehRics «— ZIEHE Camas LI pra iR AMa h, AEEELESIH.
Notes: VIE. visible implant elastomer; “— the data for this item is already included in the above test subjects and does not need to be listed again.

22 AEHESMEEA

W R A i A1 B TR 20 st AL SRR, WOER I
Ry 2% (03) K 11.47£0.46, itk 1%y
% (02) N529+0.75, $FETIT% (02) H}95.88+0.42,
AL 1 (h) 9 0.47+0.05, FI K E LN
Ko

https://www.china-fishery.cn

23 GWAS DR

}2 3 Bonferroni #: IE 773, LIP<1.26%x107°
4 e R4 K B3 R A{H , ssGWAS Fil Farm-
CPU 3l e 2] T 2 A~ F1 6 4~ 5K 8 g & SC IR i)
SNP fv 5, X FRAAR S F RN 2.71%~6.76%,
Hh NW_020869456.1 73385 j& 24 i & (32 2).

HPE K FE2:2: 3290 sponsored by China Society of Fisheries
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®2 LENINR A E2 EREKFEEEMBERE XKLL
Tab. 2 Significant and potentially significant genomic loci associated with harvest weight in
L. vannamei at the whole genome level
Jiik SNP#4 i HEBRE Y ALE PE TI ZERRERER %
method SNP_ID LG position P-value variance explained rate
ssSGWAS NW_020868823.1 262749 15 45830 727 1.57% 1077 452
NW_020869050.1 828958 17 40031 518 3.25% 10-6 2.83
NW_020868409.1 600910 1 46 571 994 L02%10-5 5.11
NW_020872939.1 365265 9 31554516 1L.02% 1075 2.26
NW_020868589.1 80129 31 2929316 1.14% 1075 6.76
NW_020870488.1_36739 27 16 235 930 1.29% 10-3 6.47
NW_020868678.1_971813 29 16 654 473 1.58% 1073 133
NW_020868678.1 963153 29 16 645 813 239%10°3 2.31
FarmCPU NW_020868589.1 80129 31 2929316 9.52%10-8 3.13
NW_020872939.1_365265 9 31554516 1.28% 1077 3.18
NW_020872875.1_402024 36 30 733 600 2.03%x10~7 3.08
NW_020870683.1_49796 2 4794078 3.16x 1077 2.92
NW_020869299.1 140699 31 34152939 6.68% 10~7 2.71
NW_020869724.1 535534 15 43 260 769 3.14% 10-6 2.46
NW_020870598.1 440389 4 17 921 466 3.99 % 10~° 2.19
NW_020869886.1 173557 32 38098 216 4.44% 106 221
NW_020870936.1_86686 34 4366 596 6.76 % 10~ 1.91
NW_020869666.1_1125718 42 35666 845 8.57 % 10~6 1.89
NW_020872498.1_16758 20 32334319 9.60x 106 2.10
NW_020868730.1 199761 27 9 117 447 175% 1073 2.07
NW_020869923.1 247472 5 10 692 424 2.50%10-3 1.92
sSGWAS NW_020869456.1_73385 42 51499 354 3.15% 10~7 6.76
FarmCPU 1.97x1077 2.97

e VIRALE. DLESEE S S LR IR E

Notes: Position. using the first base at the 5’ end of the linkage group as the starting position.

DL P <2.523 x 1075 Jy 4 5 K 4 /K OF- ¥ 7 (. 35 (.
FrifE, ssGWAS Fl FarmCPU 43 J 2 ] 7 9 4~
14 4> 5K 3 G i SNP A &, 25 70 78 S i B
FN 1.33%~6.76%, ssGWAS Hl FarmCPU 43 #7 )
o AT LA QQ EIZE A A&l 1 F1El 2 iR o
2.4 EHFEFRE

5%t ssGWAS Fll FarmCPU 7 & 3 ) 2 4> F1
6 ™4 JE A 2H 7K O i 2 DG 1) SNP A o5 147 A
HRE, el 3 AR 14 M e, e
B3] 15 Mgk BN (% 3), Hd, LOoC113809777
5 LOC113809778 & [F] 7 B 2 A L K, X 2 4>

R E K7 2: 2 E /) sponsored by China Society of Fisheries

R ) T RE /2 glycogen debranching enzyme-like 5
protein groucho-like, glycogen debranching enzyme
S — PP AR T R R YK N, protein groucho
JE— TP SR R -, 5 B R R R R A O,
KRR EES 5T KE . DNARZFIER . it
R, A0S sE . A0BE o SE T RE IR, FEPLIK
SRR T T RE A HE T AR

3 Wi

3.1 WRHEREESHMET
TEE B SR, RAFUER AL S BRI R
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25, % K= 23R, 2024, 48(12): 129104
Tr 7 -
6t ﬁ 6t
§ 5+ 5& 5t
== S
HE 4 T4 -
® o g2 5|
| g
2t 2z 2r
& =73
1t & L7
ok 0 bs . . . . .
1234 7 9 11131516171921 25 27 29 313234363840 42 44 0 1 2 3 4 5
P/ERE SR P B B £
chromosome expected —lg (P)
(@) (b)

1 FLAEITENEOR A E ssGWAS S HTHI 2 F1E (a) F1 QQ [E (b)
Fig. 1 Manhattan plot (a) and QQ plot (b) for genome-wide association study on

harvest weight by ssGWAS in L. vannamei

7 -
6 L
= 5
e
w3
&2
=
1 L
0 L
1234 7 911131516171921 25 27 293132 34363840 42 44
P LSGREN
chromosome
(@)

BOUI P AR B0
observed —1g (P)
S = D W kA U AN

0 1 2 3 4 5
YR P B HO
expected —lg (P)
(b)

2 LYSEXTERSUR A E FarmCPU £ #TH) 8 1a 1R E (a) F1 QQ E (b)
Fig.2 Manhattan plot (a) and QQ plot (b) for genome-wide association study on

harvest weight by FarmCPU in L. vannamei

AR ERI . B REAN AR TAE R EE R AR
R, FEARSZE T, R HEMERE S TEAR . T
R FEH RV R ANE B, RSO R E 1YL )
B R 047, FEASAESERY WS, RAFICR K
AL S THEE B 0.19~0.43, 7E Sui 55
PIBRFFE T, 255 PR R 0 28 B BCH I AR AT R A4
FAL TN 0335, SZMH, ARk
150t AL JuAl T R e, MR LR, AT R
FZWRTFRABIEEEH, BRI TR I AL [
IRBERLNE, RGO R [ A 358 007 Y Y A —
JIT 8, Ibarra S5 AR GERIAE R, T AR
o2 T SRR AEE RN, LR X RIS A
AL FAG R 0.61, 7E Dai %524 4% 98 4 %
B MEETAG S T, TR R Z AR
REE, AR AL AR, T
Hast A& i HE g AL, JEFE R 0.641~0.707, 7E
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BT, BN [ 5K 2 B SR A PR ] 11 22
S, SR M5 R B, BT LA R e
gL B mAG

32 WREENEMSFMZAIE GWAS 517

XU EMEAR, HIERAmIC, I
JP AR, BOMETT R KA 1 GWAS 43, A
PEFE AR I H, FIF ssGWAS ikt — 4 & &
2000 Z AT B RAUE, TRkl 2 etk
[A 20 7K S B 35 AH G 1 SNP v 4 o Fh 3 BV
ssGWAS J5 i, Jlit 4 1100 R HF 1 Ok 4
1292 RRAMA R IR 7r BUE R, Bl € H 33 4
FER KA ) SNP 5 . 54k, TEXT
WT 6 (Oncorhynchus mykiss) 7. 56 I B AR BT
KV PEEE (Salmo salar) FIT 8576 B 4T PEPY S5 MR
FIEgE R, FIFH ssGWAS 57 ikt 4 e T 403
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R3 ARSI SERIEE MR EZHEXE SNPs R i&ikE E

Tab.3 Genome-wide significant SNPs and candidate genes associated with harvest weight in L. vannamei

Jiik SNP4 Fk iR £ 7| L F i
method SNP_ID start end gene description
ssGWAS NW_020868823.1_262749 284193 308 088 LOC113803942 neurobeachin-like
FarmCPU NW_020868589.1_80129 45 064 46 419 LOC113825361 piggyBac transposable element-derived protein 4-like
NW_020868589.1 80129 79 934 80 881 LOC113825371 protein O-mannose kinase-like
NW_020868589.1_80129 79 452 86 022 LOC113825223 SRR1-like protein
NW_020868589.1_80129 92397 116 466 LOC113825379 uncharacterized LOC113825379
NW_020869299.1_140699 125110 184 645 LOC113808389 myb-like protein X
NW_020870683.1_49796 73 444 76 352 LOC113820817 serine/arginine repetitive matrix protein 5-like
NW_020872875.1_402024 385476 391803 LOC113802171 uncharacterized LOC113802171
NW_020872875.1_402024 347399 37 1422 LOC113802200 ATP-dependent RNA helicase A-like
NW_020872875.1_402024 376 026 385098 LOC113802170 jmjC domain-containing protein 8-like
NW_020872875.1_402024 415206 485007 LOC113802196 uncharacterized LOC113802196
NW_020872875.1_402024 392 655 408 616 LOC113802178 ubiquitin carboxyl-terminal hydrolase 36-like
NW_020872939.1_365265 270 761 438 536 LOC113802654 transcription factor collier-like
ssGWAS NW_020869456.1_73385 25597 55233 LOC113809777 glycogen debranching enzyme-like
FarmCPU
NW_020869456.1_73385 61337 70 053 LOC113809778 protein groucho-like

PR 5 AH A SNP A7 £

A, FarmCPU WL AT RELE T8 it 05 4 1h Hb %

{HAE ssGWAS 45 MLM A 5| AT A 25 1)
Q H R F o DA B SRS O R, SR ] LARE
ik GWAS ZrHr &5 AR BAE ,, HI2 T 5 R
PRiCZ [ AEPETR IR R, Pt 2 53 GWAS 43
M 25 BB, FarmCPU Ty ¥k 22 25 fifi F [ 5
RN AP ATLRCON 5SS, AT DAA RICRE S B AR S5 4 L)
KRG K F A SRR DI AR IC ARG [ 8, RRAIT
AT R I o FEEE XA S (Haliotis dis-
cus hannai) W) FRDELRCRED | fH £ BE AL (Epineph-
elus coioides) R M52 " DL K Fv#3 #0165 (Pseudo-
caranx georgianus) "R SEMR IR, R
FarmCPU J7 7445 5 4 JE 41 /K7 i 28 SNP fif
o TEARBIIEH, SLE A FarmCPU J5 i) %8 5E
6 PRI 225 SNP 7 ki

28k X%t SNP o7 S i A1 QQ KIS i AT 1Ak
JE R, ssGWAS BYSS R A A T B, PIEWS
fli, T FarmCPU 7 73 B 5 MR AR 5 A7 5007 T He
ssGWAS RIFH A, X2 F ol fglH N T
o 5 2 0 Ak B 5 A R R B9 E X0 . ssGWAS
W HRET AT, XA B2
T RN SHERNRT RN E L EEN,
it B L[] 422 5 P AR B DGR (9 067 5 P IE B S A
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JERITAL s e 57 J st A 5 L, DT BT A b R
B S PR R SR A . Fu 2B (i H MLM
FarmCPU J5 #5146 FLAN I X i it 2 S MRk A 7
SN RN, SRR, fEesHNg KT
WF B EARE T, MLM oK 3% 3] 2 SNP, i
FarmCPU #% % 2 />~ # SNP, FRitz4h, Liu %
43 50 4d Bl MLM 5 FarmCPU 4t % 48 B J% (4ra-
bidopsis thaliana) () FF AL IAPEIRIEA T 42 3 P 4H DG HK
SR, SRR, ALK 3 BE A
MLM H ¥ A #% #] 8. 2 SNP, 1fij FarmCPU 3£ #| 5
A5 SNP, X SU RGBSR LY B fr
SRR I 4

3.3 WRHENREEFRLEE

TEAR R AT 30 1T 7 A A A,
HFERE T 15 A, KR B AE FLA i X
R AR RIE . HiA, Neurobeachin®™', piggyBac
transposable element-derived protein 4" il serine/
arginine repetitive matrix protein 5 (SRRMS5)™" #f5 55
M RG LB AR, FinlE Neurobeachin J K i
Sus A RSN w EP S R Y E YR S L 1)
REAEE, R T AR 2P AR A

https://www.china-fishery.cn


https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

iy Paray
BAE, %

K= 23R, 2024, 48(12): 129104

WP e A R, protein O-mannose kinase
(POMK)"! 5 transcription factor collier” %R -5 JL A
REAXK, LHAEARKSRPEEEEEM. 4
i, POMK 7B & i1 (Danio rerio) & i AT 1 1Y
WU & & FE b AR 2 RGP, i A — B BE R
SRRI1 protein, myb protein X"**| jmjC domain-con-
taining protein 8", ubiquitin carboxyl-terminal hydro-
lase 36" 1 ATP-dependent RNA helicase A" 4%,
‘BAI15 DNA &l B, diiEhesE. el K4t
A M ) fe S B UIAE OC . (HAR T B,
ssGWAS 5 FarmCPU 2L [a] 5 i 3| T~ glycogen deb-
ranching enzyme Fll protein groucho X 2 /™ 3 [A .
HHr, glycogen debranching enzyme J& — Fifig 4k
JE K el U, SRR B R DIAE O

4 25

ARSI B X FLAAES X MR PR ZR o o 9 U5 A
7, FIATRBARE TS 80 157 (55K SNP) X
T R AR AT ol S AL, 5 ssGB-
LUP ik G HEM  RIEMEBREL, RET
RE PR LR A s e S8, s IR
K5 B UAEFH ssGWAS il FarmCPU J5 i % i gk
RE T GWAS 20Hr, WISl 7 2 HA
IR 35 SNP v 5 8T 52 SNP v i i B B i
PERA 154, AlRESMA RS, MALE . fEs
FRBAETIREA & o X BB E PR RS 4378 LA I X iF
I REIIE, NIFRAE KRN FHRBIE R
P T HESH

(3 7 WA A SUTC 52 B s A2 B Al 22 )
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sSGWAS and FarmCPU analysis of harvest body weight using the liquid chip
"Yellow Sea Chip No.1" with 55K SNPs in Litopenaeus vannamei

XIA Yan'?, KONG Jie’, WANG Ping®, FU Qiang’, LUOKun?  CHEN Baolong?, SUI Juan?,
ZHOU Hao?, ~MENG Xianhong’>, DAIPing?®, CAO Jiawang’, TAN Jian?,
QIANG Guangfeng >, LIU Mianyu’, LUAN Sheng **

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China;
2. State Key Laboratory of Mariculture Biobreeding and Sustainable Goods,
Laboratory for Marine Fisheries Science and Food Production Processes,

Qingdao Marine Science and Technology Center, Yellow Sea Fisheries Research Institute,
Chinese Academy of Fishery Sciences, Qingdao 266071, China;

3. Hainan Zhongzheng Aquatic Science and Technology Co., Ltd., Dongfang 572633, China)

Abstract: Growth and survival tests were conducted on 74 families, comprising both selection and introduced pop-
ulations with fast growth rates to identify single nucleotide polymorphisms (SNPs) and functional genes associ-
ated with growth traits in Litopenaeus vannamei. High-throughput genotyping of individuals from 39 families was
carried out using the "Yellow Sea Chip No.1" liquid chip, which included 55K SNPs. Genomic genetic parameters
for harvest body weight were estimated using the ssGBLUP method. Additionally, the ssGWAS and FarmCPU
methods were employed for the first time to discover potentially associated SNPs and candidate genes. The estima-
tion of genetic parameters revealed a heritability of 0.47 for harvest body weight, indicating a moderate to high
potential for genetic improvement within the population. The ssGWAS and FarmCPU analyses identified two and
six genome-wide significant SNPs (P<1.26x10°°), respectively, explaining phenotypic variation ranging from
2.71% to 6.76%. A common SNP was also identified among them. Furthermore, both methods separately screened
nine and 14 suggestive genome-wide SNPs (P<2.523x10°%), explaining phenotypic variation ranging from 1.33%
to 6.76%. QQ plots demonstrated that FarmCPU exhibited superior control over false positives compared to
ssGWAS. Gene annotation of the seven significantly associated SNPs revealed 15 candidate genes related to func-
tions such as the nervous system, muscle development, and energy metabolism. Notably, the common signific-
antly associated SNP was annotated to two genes: LOC113809777, which encoded a hydrolase promoting glyco-
gen hydrolysis, and LOC113809778, a transcriptional regulatory factor associated with gene expression regulation.
In conclusion, utilizing the "Yellow Sea Chip No.1" liquid chip, the ssGWAS and FarmCPU methods facilitated
the identification of significantly associated SNPs with harvest weight in L. vannamei, offering valuable insights
into the genetic basis of growth traits.

Key words: Litopenaeus vannamei; ssGWAS; FarmCPU; body weight; significant SNP
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