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3

O W A0 AT A S I 8 (Mylopharyngodon piceus)ZR 2 121 2 5 B AL 7 B B R AR QTL I B or 45 Rk AT
RN, TE10°5 EBE IR 3 54K A S IQTLIX 45, 477524 5 K 5 FUAH ¢ 1) S % T B SNPAL A5 . F
FUR R S VAR 10 ) 78 7 F B AL 1 ), X SNPA 5 1 3 77 51| PCRY 1S - 3E 4T sangerll 7 . 3 2 #EH I SNPAL
FUEERAUE BE, BT R B SNPAL pi AN [F] 3 (R Y 5 TRYT 75 f B R A K IR AT T 408 ) G B i &5
R, FES63 R TRIL T B R b, Ml €1290)%, MM 2738, MEMELLZ)1.06: 1. 184% 73BT R, SNPos;,G>CHI
SNPg, T>ATE RS FE P EU(N,) 751 9 1.754501.399, M Z+ & (H,) 7 511 290.384510.266, R & FE(H) 77
W1°R0.430410.285, 2 245 H &80 5 (PIC) ¥0.508F10.378 . AH LUk £, et AF Kokt 5 56 P (H AR 57 R 08
v, U P M £ A K R B B B K e SNPgs7G>C TSNP g, T>A AN [7] 3 PR 70 7 e A4 A4 K bR o 474 55 3 22
Tt o SNPos7G>CAL i I GGHE PR B 7 M 11 4K IR Hh B AT B2 35 A0 #4(P<0.05), SNP795,G>CHISNPgg, T>A B AR
0 A R B 5 A KR 2 (A TE 22 57, (HARIA B G i 2 22 57 o 7ESNPA SUAS [ 2 R B A e 1) — A5 2 o, e
AR —E A K Z 5, DS(GGTAEAEK 7 A A BEMRH (P<0.05), BA—E B FNE. HHas®
A e B PR A K T R R 2 RRIC, DR R T B AL O R BRI A B B Rl RS SR LR R

X HEIA: SNP; AKMIR, KBEHT, HM
hEDHES:S961.6 XHEEFRIAMG: A

W i (Mylopharyngodon piceus)& % H . il
B HHE. R TR E KL, 2019
ERTE IR BB E A, 20220F F IR &
k7487, Fea 5 IR, AMEK, REENES
i RIE, 2B E R . T LR, NS ER
K A B EIR, DL BT A T E B A Y
A e A BRI 2 3R LR AR T AR B A
™ B T EEERAR. RARK
TR T, FENHK, A, BRI E T 3R I
R, FrEWmFE, (HRIERAHF N, M
B e Il TN T 5/ s o TS TR 1)
A H B (MAS)E — i &k & T i A B4R AE
YR, FIHEAE 3 Fhrid, SRS A KRR
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EF . BEE —AFRid BRI E, PR TH=
RO F AR A% H R 22 & 1 (Single nucleotide poly-
morphism, SNP), H A X G 3L B 4%, 78R4 b=
e o An)T, BAERRE, [ M T T AR e A
B A B R S R RE S AR
it L2 (Simple sequence repeat, SSR)-5 ¥ 4 (Cte-
nopharyngodon idella) & V£ IR 3 47 5¢ Bk 43 #r "
WA V2 28 WAL T EBISNP S B 2 (Apostichopus
Jjaponicus)'. K 3% 6 (Scophthalmus maximus)'™.
H R B MR (Exopalaemon carinicauda)~ 5 [QERT] U1
(Pinctada martensii)" 257K 7 Z40 A K IR 0 56 6
S Ht. GuoZs!'™ LT ] Ak 3 R LI AR (Geno-
typing by sequencing, GBS)JF /& K &SNP, fELG10-
LG17#1 LG20iX 34~ % 8 # (Linkage Group, LG)_I
EALRNTAN SR, R R m AR SE A KA O
MIQTL, I H K A 8 QTL I % %5 1&E 8 1) SNP 5 A~ [F]
R A ) A K AR AT 1 R AT

BT A7 AW 7L, MALG1077 1% 22 54K QTL
R PRISN P S5 (7 5 IR AL BE 8990192 M)
PA563 FE TRYL T o 3 4 Jy s 3 A4k}, JF g SNPAS [d]
DR Y 5 4 EE R PR 1R DR IB 23 e, D B kil v A
KA BE 7 HBT it A f BEAR AR .

1 MR5ERE

1.1 SEIe#Rl

SEES AR 3E A R 20214E T 75 T BB Ky 7K
Fa o A PP TV A SBU SE 1R 75 b, A% kit
fHERE S U AR Rl A R A ey Y 38 M £ A 13 ) A £
(788)o [FIESH T I IM T FRTASRHE R B0 A
IRAFFRERNLES, WA IRAEX
¥ o 1ETHREONMRAL Jo, R AT IEH P, e R L
TGV R AR IR L6 FE H 1.5 mig i L5
FEHE B N1000/2/667 m”e 20224F11 H, 7E I
MA500Z 7 b BEALEHLS63 B ., i F 2= K %)
FE R CRS B 0.1 mm) Al HL TR CRS B2 50,01 )l &
RRE IR E AR, BYIUEE 2L HSUMCE T oK
LEH, 20°CIRIFE% -
1.2 XWHE

DNAIZEL 5 B YueZs" ¥ 7 v H 96 4L it
JEARIL E IR A EE 2% IDNA. A FH 1% i i
B LUK VP Al DNA 52 8, R 4 Y66 Bt
NanoDrop 200045 Wl ¥ B2 o ¥ ik 2] 52 56 22 5K (1)
DNAFREA, B35 Fe At T—20°C UK, 1 T f5 825256
H .
2l E- BT 75 U 7E 1 B 2 R, 3E DL
AR HERE e, T R AT 5T R FH SE 56 =TT R I T

WA A4 S 51 P (F: 5'-FAM-TTACGAGCGCATCT
GAAAAA-3"; R: 5-AGAGCATCTGAAAGGGCAA
G-3"), IE[A 51 95 s AL AR INFAM S Y 36 . 7 4=
W HE 045 58 152/168 bp, M5 5144168 bp
(FE 5 80y B 48 Sorbr ) 25152811168 bpihi Ak [7] I 45 14
S5, W gk £ 168 bphb HIERIE (S S 5, Ky
HEPEY™ . DL563 R 7 f 1 DNA A #4 i3E 7 PCRY™
B K &R 12.5 uL Tag PCR SN TR IR (2%),
2 LR DNA, b N5 GRFE10 pmol/L)# 1 uL,
JnddH,0%25 uL. M FEFF: 94°C 2min; 94°C 30s,
iB KR E30s, 72°C 30s, 35IKAEH; 72°C 10min. §7
BEP=H4% FH ABI3 730X L4 H ZHDNA 740k, 2
FLIZ5001E A 5 o
R CEBISNPARIZ FFIEEL. 514t &
PCRY/™ 1 Guo2s "R 41 K DL AR 1T SNPgs, Hl
SNPyg, 5 7 AR KR BB ES . 2 e 3RUX 24
SNPA. 1 7 2 PR 40 (W R R R A &, 28 )5 H
BEDTools# 74 " Bt SNPAL 5 7 J5 500 bp, i
Primer Premier SEF 1 IMIGR 1), 8 =9 v
B 5 SNPAL . X563 2 # L DNAHE /T IX 2/ F
SESNPAZ S PCRY 38, 18 fs A4 28 A s o7 A2
[FIHT o A5 FH 1 %3 R B B8 R FEL KA B 9 38 7= KD,
BE47 Sangerill 5 .
Fz 1 SNPHTFHRERISIHMER

Tab. 1 Primer sequences of SNP molecular markers

i L2 s L
Marker name Primer sequence (5'—3") T, ('C)Size (bp)
SNP7957 TCATAGCCTTTCCCTGC 56 221

CTCTGTCGTTCCTTATTTACTC
SNPogp, ACTGGTTTGATTTGGGAC 54 409
GGCAACAGACAAGTGACC
BB FIAHExcelll B R R MAR (MK

PR E A7) F) H GeneMapper 4.033E 47 Ab 3 4 )
R PEFRICPCRY M W0 7 7 41, e . F)
FfISequencher 5.4.5%} Sangerill] > &5 S it 4T 2 7 51 Eb
XoF, A4 e P A T o s R PR A . R I SPSS 258 A
THE PR A OC R B (Pearsontf 6 R £0). P 31E .
PRiEZE . A2 R R AL, BT SNPAS [F) 2 (K AL 5 4 =5 A
A B AR A 2 M, 22 5 (B 2 TR /K P B 9 0.05
H I GenAIEx 6,551 1 B TRV 75 fi i Ak 144 2
FEPE S8, A0 45 W % & & (Observed heterozygo-
sity, H,)~ W44 ¥ (Expected heterozygosity, H.,)
B 85 5 K # (Effective number of alleles, N,),
X SNPAL s 3E 47 #E 181 -5 1 #% ¥ 47 (Hardy-Weinberg
equilibrium, HWE){&3 . F FIPIC_CALCH 115
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SNPAV 15111 2 #515 B & & (Polymorphic information
content, PIC).

2 #£R

21 SNPLmIRfEZHMS

A K QTL'E % % 8 SNPHR 1L I8 4% 2 FF
PEZ IR 2. A 805 0 5 (V) 1.754F0
1.399, ML 4% A B (H,) N 0.384F10.266, HIHH 4+ &
(H,)40.430410.285, 2 15 5 & & (PIC) N 0.508F1
0.378, SNPo5,G>C 1l 25 M 1t - I 471 4% ~F- 47 (P<0.05),
SNPgg, T>A KL T~ 15 1 - AF &~ o
22 MANLEREKEE

T I B AR AR B 1 ) R R TR 43 2,
F W L 2 B I R, KT S AT A,
gh R UM €290, HEF 273, MERELL B N 1.06:
L& 1) TRILTE M R 5 A E1 A 8 25 A G
(P<0.01), PearsonfH 55 £ % 40.888, & W V4R 2 [H]
MG, BHARAE T IME N(646.79£322.35) g,

#*2 IBIBAEEF2ISNPURHEESH

Tab. 2 Genetic parameters of 2 SNP loci in Hanjiang population

IRK A N(32.71+4.36) cm.  MEHESR B 2)ME 7
WR(677.26£372.71)F1(614.41+255.83) g; MEAEARK
P8 N (33.264+4.54) F1(32.12+4.09) cm. M f: i
FAR S R E 0 N55.03%F141.64%, Mk A KA 7
FH05 5 N13.65%A112.73%(F 3).
2.3 K KIESISNPSHIEE R 447

SNP957 1 SNPg, 1 R AL 77 2035y it 4 (K 2).
H A SNP, o5, 17 1 GG 2794, GC 216N FICC 681,
S5 A TR G s HE A9 26 090,69, CIM0.31; [R]FF Hh,
SNPogo o7 i A I 3 B PR A, 43 N TT 3914,
TA 150/ FTAA 224, & o7 B DA TH Ao HE 450 22 08
0.83, ANO0.17(3 4).
24 AEEFRSEKMEKROKESTT

SNP;95,G>CHISNPgg, T>A 5 THIL 7 1o A4 44
AR BEAT SR BT W3 50 SNPg5,G>CHL
(1) GGk K] Y AN 1) 44 B K T GC AN CCRE PR B A4
B EZES, GGREF B MAr A K EE KT
CCHE K R (P<0.05)0  SNPog, T>AL £ 1 TAKE
DR R AN 1) 4 B R T TT A TAZE PR B ANk, (HE 52
75 TAR IR AMA A K B2 K T TTHAAKE
R RAMA(P<0.05)

of black carp
b AR W mm s Hady AR A H 2 A SNPA A AR KRR 1 96
A A > PRy . S y an
L EE Ao kbR (spg Weinberg BRI AT W 60 £ SNPos, 17 55 HI GCE R BUA 1
SNPlows  Ne Mo M PIC  p A KRR TF CORGGHE I A, (H =% T &2
SNP;5,G>C  1.754 0384 0430 0.508 0.011 2 7 G A [R)ASE  3 0k 3 DR B A 4k R K PR
SNPggp, T>A 1.399 0.266 0.285 0378 0.118 ':P/E\-ﬁ*ﬁﬁlﬁ(]%%‘, CC<CG<GG, CC%@/[\QMZ'S
138 140 142 144 146 l48l 150 152 154 156 158 160 162 164 66 168 170 172
1600 T T
1200 | spEMale n / \
800 /A L7 A
400 t \ Vo A
0 »= = Jr Il\k_ P o ."’I \\_ f( \«/!ll \J \\ .JJ \\_
138 140 142 144 146 148 150 152 154 156 158 160 162 164 166 168 170 172
2000 i ’ ’ { i
1600 bk
1200 I Female \| " A\
800 f'ﬂ‘\ .IIIFIIH A } l" "I \
408 A N L Red R / \\
I8 3 C o A T (R JES AR CE AR S
Fig. 1 The genotyping results of genetic sex markers
®3 TIS@FFEKRBEYE
Tab.3 Phenotypic data in Hanjiang population of black carp
/ME PR AH HfH AR R
PR Minimum Maximum Mean+SD Coefficient of variation
Trait i s B i N Bt iz AN HE i3
Female Male Female Male Population Female Male Population Female Male
R
Body weight (2) 73.20 101.60 4250.00 3015.00 646.79+£322.35 677.26+372.71 614.41£255.83  49.84%  55.03% 41.64%
K 2340 21.10 6120 56.30 32.71+4.36 33.26+4.54 32.12+4.09 13.31% 13.65% 12.73%

Body length (cm)
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KRN TGGEEFAMA(P<0.05) . MEFISNP gg0, T>
ARL R TAE R RUAMA A Kl e i, (H =5 0 R
FrES . MEAm3ME B A E AR R P B
HF A, TT< AA<TA, BREFIGH2EE R

4 SNP95,G>CHI SNPog, T> AN £ A [7] 2 K] Y
AT IR, D1—DORIFE K 5 4 KR 47
R AT L2 7,

“AEHID8 (GGTA) MAA: K % i & T3
il — % BN, D8 (GGTA) M A4 # & % K TDI
(CCTT). D5 (GCTA). D6 (GCAA). D7 (GGTT)
M D8 (GGTAMA I K i3 K T D1 (CCTT).
D7 (GGTT)MA& (P<0.05).

7E M D8 (GGTA)A: Ko FE ik, 1H R IA
BIG T2 7(P>0.05). {EHEfAH, DS (GGTA)FIDI
(CCTT) [A] 44 # 7% 7 & 3 (P<0.05); D8 (GGTA)#H

SNP 7956 G>C
GCTAGAAG,

SNP 9802 T>A
TCATTAG

i l A A

2 SNPA 15 7 i 1]

D1 (CCTT). D4 (GCTT). D6 (CGAA)Z [afhK: 2
23 (P<0.05).
3 iTig

BAE Z FEVERUMEE A I . FREE IR 3R R %A
T, W LA SRR AL AR S R . SNPgs;G>CHI
SNPog, T>AF 4% %5 A 5 IR 550 (V) 7 73 N 1.754F1
1.399, MLl 2% & FE (H,) 73 71 90.384710.266, JH 22
A BE(H) ) ) 28 0.430510.285.  SNP;o5,G>CHll
SNPogo, T>ANL SO 2% A FEAR T HAE 4 5, 7226
n R BEIT ch, TRUL T R R I 2% B
KT BRI A B, 00 TR VLB 1) 2 & VR UK, 8
A5 BB — 3. SNP,s,G>CE 15 B &80
(PIC)H0.508, J& T =i 2 45 (P1C>0.50); 529SNPog,
T>AZ 515 B4 &2 5(PIC)~N0.378, T EXL
Ao 2NSNPAL T, SNPog, T>ASF £ W 1 -I5 A1 #%
P47, Ut B SNPog, T>ANL S 7E it AL I FE B AR o
T SNP-g5,G>C 55 3 it 125 W 3t - 33 411 16T 76 (P<0.05),
AlRE S/ T MA R E AR AT BN Tk F
TSR R A K

A MR B SRR P I RE I — AN R
BRbR . AW R R, FaAKAEE RS

*5 SNPLmSHEMFKMEREXEKDITEIEHAREE)

Tab. 5 Association of SNPs with growth trait of Hanjiang popula-
tion of black carps (mean+SD)

o : % A H (NS
Fig. 2 The sequencing peak chart of SNPs site LA HNE AR Body Body
Locus Genotype Number :
weight (g)  length (cm)
*4 WIFeHRENERRRFMERRRSET SNP.o;,G>C GG 279 664.344272.53 33.04+4.03"
Tab. 4 Genotype and allele frequency of SNP site in Hanjiang GC 216 640.724398.71 32.58+4.69"
population of black carp cc 68  594.014225.02 31.75:4.45"
SNPAiL i JE[H R SRR AR SNPysT>A  TT 391 63343£348.52 32.45:4.43"
SNP site Genotype frequency Allele frequency .
SNP,45,G>C GG GC CcC G C TA 150 685.57+248.36 33.37+3.96
0.50(279) 0.38(216) 0.12(68)  0.69 0.31 AA 22 619.78+278.45 32.874+5.27"
SNPyg,T>A  TT TA AA T A R R B EE 7 BEA RIS 22 53 i3 (P<0.05); T A
Note: Different letters in the same site and column show
0.69391) 0.27(150) 0.0422)  0.83 0.17 significant difference (P<0.05); the same applies below
R 6 AEMERNMEF2NSNPALE S E KRB REX D (R EAREZE)
Tab. 6  Association of 2 SNP with growth trait in individuals of different sexes (mean+SD)
fr SRR S Jiff 4 Female _ ‘, Jife 1 Male :
Locus Genotype TAEURE (N (ZNIS AMEEU (NN (L3N
Number Body weight (g)  Body length (cm) Number Body weight (g)  Body length (cm)
SNP95,G>C GG 146 678.71+£242.30 33.31+3.88 133 648.57+302.41 32.75+4.18"
GC 109 689.30+520.94 33.36+5.25 107 591.24+202.59 31.78+3.92"
CcC 35 633.72+256.73 32.72+4.77 33 551.88+180.09 30.73+3.89"
SNPyg, T>A TT 197 666.67+411.08 33.06+4.57 194 596.60+£270.26 31.83+4.21
TA 81 714.33£286.07 33.74+4.48 69 651.81£191.68 32.94+3.22
AA 12 600.98+157.98 33.38+4.39 10 642.34+386.49 32.26+6.35
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%7 SNP;95,G>CHISNPyg, T>ANL 40 A B — E B AN KRBV K BE D AT (R EHREE)
Tab. 7 Analysis of Diplotypes of SNP795,G>C and SNPggp, T>A with growth traits (mean+SD)

SNP h7 5 = (L3N
i SNP locus Body weight (g) Body length (cm)
Diplotypes ¢\ 1p SNP ST i iz B e e
7951 9802 Population Female Male Population Female Male

DI cC TT 583.5()bi 619.60+ 551‘8813:& 31.6gi 32.63+ 30.7;:&
221.66°(62) 259.70(29)  180.09°(33) 438°(62) 47429)  3.89°(33)
677.58+ 677.58+ 32.66+ 32.66+

D2 ce Ta 274.28%(5) 274275 O 5.86"(5) 5865 O

D3 cc AA *(1) *1) *(0) *(1) *1) *(0)

D4 Ge TT 659.982}:} 718.89+ 594.82;% 32.5?:E 33.37+ 31.79:&
478.66"(139)  61920(73)  23137°66)  5.24°(139)  5.81(73)  4.41°(66)

D5 Ge TA 622.74bi 646.56+ 602.6533 32.7%:E 33.29+ 32.21:&
188.29°(59) 2232427)  153.70°(32)  3.287(59)  3.66(27)  2.89"(32)

D6 GC AA 550.99bi 577.54+ 524.43“:% 32‘031b:k 33.52+ 30.4b9:t
130.34(18) 151.22(9) 107.937(9) 4.297(18) 4.88(9) 3.18°(9)

D7 GG TT 630.28bi 640.91+ 619.64;% 32.6in 32.94+ 32.237b:t
257.20°(190)  187.39(95)  312.51°(95)  3.74°190)  3.30(95)  4.14"(95)

D8 GG TA 729.14? 75542+ 694‘33? 33.836:E 34,10+ 33.5§i
275.20°(86) 314.14(49) 212.24°(37) 4.24°(86) 4.80(49) 3.41°37)

D9 GG AA *(3) *(2) *(1) *(3) *(2) *(1)

T 55 WML, AN T EEE T3 SRR

Note: Number of individuals is in parentheses, * indicates the number is less than or equal to 3

FEIEMISG. R RLL AR, A TR 3
REAAT A K ZE RO L, 3 B S
A EE IR KA 5 PR B 98 (P<0.01), 5 ARSI 78 45 S —
L, A2 A KORT R ) B DRUAR T R R . A
FUH T M i A R T, FLE £ AR IR
BHOREE SR, I B [F)— R A [ 5 R RS o e e A
Ko 7E7K ™ sl v 8 di A7 A8 A R A K 2=
SRS, ansi g (C. alburnus)m]\ [EEI=PSED
(Litopenaeus vannamei)” 1 2 ¥ 5 5 (Cynoglossus
semilaevis)”> M 1A HGAEPE A2 K3 BE B . Kocour
22OV I (Cyprinus carpio L.)ME £ A4 K8 LL 1
LR10% LA b A 2 I T 0 7 e
AT T R R I, 16 7 W8 S5 110 e £ M I A B 7 S
=, MEVEAMA AR KRR, 5B S 45 A — B R
oK ) AR rhR] DUER 5t 7 i M A A A A T B2 1 A
Rt .

AW T AR K QTL | 55 % 3% B 1) SNP795,G>
CHISNPog, T>AFR 10 A [F] 5 £ Y b5 F A4 1) AR A
WAL — 2 5, JUH S BRI AR KR E S
T 22 5 (P<0.05), WA IIE T AT 155 . %X RQTLSy
M 45 ZISNPAL s AEBR PE AN AT SE 1% . B FLrh AR
P Ve M T A ) A R AR R IR v O 4 1 A
AFE4 B, W R YT K RIQTL A Hr4h
REHAMMFHEBFAPEFEES. FAERGCH
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CORRELATION ANALYSIS OF GROWTH QTL TIGHTLY LINKAGE
MOLECULAR MARKERS AND GROWTH TRAITS IN BLACK
CARP (MYLOPHARYNGODON PICEUS)

YANG Lin', GUO Jia-Min', WANG Yuan-Hao', ZHOU Si-Yang', LI Jia-Le"’,
XU Xiao-Yan"” and SHEN Yu—Bang]’2
(1. Key Laboratory of Freshwater Aquatic Genetic Resources, Ministry of Agriculture and Rural Affairs, Shanghai Ocean Univer-

sity, Shanghai 201306, China; 2. Shanghai Engineering Research Center of Aquaculture, Shanghai
Ocean University, Shanghai 201306, China)

Abstract: In this study, leveraging the high-density genetic linkage map and growth QTL mapping outcomes estab-
lished in the prior phase for black carp (Mylopharyngodon piceus), two SNPs loci were identified as correlated with
growth traits within the Hanjiang population of black carp. These loci were situated on LG10 (linkage group) and
closely associated with a specific growth QTL. Sex-specific markers were devised for sex determination. Subsequently,
SNP polymorphisms were assessed through direct sequencing, and the association degree of different genotypes with
male and female growth traits was scrutinized. The results showed that among the 563 individuals in the Hanjiang black
carp population, there were 290 females and 273 males, with a female-to-male ratio of approximately 1.06:1. Genetic
diversity analyses showed that the effective number of alleles (V,) was 1.754 and 1.399, observed heterozygosity (H,)
was 0.384 and 0.266, expected heterozygosity (H,) was 0.430 and 0.285, and polymorphic information content (PIC)
was 0.508 and 0.378 for SNP;95,G>C and SNPggp, T>A, respectively. Compared to males, females exhibited faster
growth rates, albeit with higher coefficients of variation, indicating greater variability in females growth traits. Geno-
types of SNP,95,G>C and SNPgg, T>A displayed significant disparities in body length traits within the black carp
population. The SNP-45,G>C GG genotype notably dominanted (P<0.05) in male body length traits, while variations in
haplotypes between SNP;9s,G>C and SNPgg0, T>A showed distinctions in growth traits, albeit not reaching statistical
difference. Among diplotypes constructed from the two SNP loci, males and females showed dissimilarities in growth,
with D8 (GGTA) notably superior in growth traits (£<0.05). The results of this study provide potential molecular mar-
kers for selective breeding of new fast-growing black carp varieties and establish a theoretical foundation for the in-
depth exploration of growth traits fine mapping in black carp, along with QTL tightly linked marker assisted selected
breeding.

Key words: SNP; Growth traits; Correlation analysis; Mylopharyngodon piceus
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