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BE N HE 5 E # (Ctenopharyngodon idella) % K VIR A0 K 2 FARIE R &R, Ao R FF| A &
WHE RN T EKE 10 M5 EKMERMERX SNP /710, A TEAHEEZEE A1 £H
(apoA-I-1). WEA® ¥ B 1 ZL(PKL). % JK# Al (CPAI). ¥4 8 &8 (CS). B % 8 B(4ldo-B). %K
BAE o (SLa)FALER & A EHE(MYH)EF b 7 24 R 1 50 24 B # 55 AR P 3 & ARt 04T 2L
AN, 1 HHRAEFATARRHIAERIAREREGNEFENBERR, &7 AR, XFR#TLE
kMR EFE SNP ARt WA EHA A, XA —HEUBEA & FRMHZE N B AL 4 K
R, FRET, REATFTRMFP A KMERABEEIANGHEEN 0. 1. 2. 3. 4. 5. 6. 71,
xR AMEBREMRAH 44, 67, 83, 85, 44, 38, 15716 B, AN BYFHEFTERK A 129.66,
144.45, 151.33, 153.53, 154.77. 160.50. 167.50 1 176.67 g, £ KM xtHEHAHRE MK S
TatKHEEEMAX, FTRIGZEEANFHHEN 258, SEABEKNRHZEZFIA THEE
(10O LB FiEHm. AREW, HEE LKA RHEEHATREGTREEKERE RAMEK, A

o TARIRH B A R 4R AR AR
KA

hESERE S961.6 SCEkERIDAD A

Z IR G H P38 5 A (] 5 B A A A 24 28
WA R SRR A B W] — AL A, TR = &
M) E M (Servin et al, 2004), ZILHREF M4
RAERAEDFE BT IZ 80 H o A Fhric il
BB S5 ek B AL A T, BN I s 3
Kl GPC-B1 ¥t K B Pm21 . 1Dx5 F1 1Dy10 %5
HEAT R G, FA A A w8 B A s U T R
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LML FSE A RS DL AT 20 A, R e R A P I 3
SED BRI 1.7 A4, S/ VISR R LA D RSk Sy
0.7 A, KW T 5 A A MRAR S AL F AL R B 1) 35 4
2 /D G A O A G . R IEARAR(2019) )
i T K 265 (Micropterus salmoides) % Z W A= K1k
ARG HA AR A ROR, KR FHIER RS LR E
DG RHRIR 3 R A OG

¥ Af (Ctenopharyngodon idella) 2% 1R /K 37 5
P AR P i R S SRR AL R . E AT, TR R R
M H i AR 2t NIRRT it [ 50 € 1 B 575
il VTR, 22 HRE A 0 BEAH T SR A 45
VEARTINE, W PR G O R T . ARBL N | PRE AR
A REAT IR AR 7, SEGRAE R e LY
FBR LIS, i 295 0 3R 587 i fE B & i (Jiang,
2009; Yu et al, 2014; H e [E4%, 2019). HFH AP
AR 3k Oy 4~5 %, R I, e B Ah ik
FFH, AL ERRA A TARCH B R AR R
IR £ )R T R L AN S A A R A i A
KERHTINEAE A ENEER A-1-1 2EH (apod-I-1)
(A/NEREE, 2012) NERPR A 1 BY(PKL)(FE/MAL,
2015), RIKEF A1 (CPAD(EI#1F5F, 2012b) . ATHER
B CS)(FEAELERE, 2014) | BELE B (Aldo-B)(l 1517
45, 2012a) A RAEFLE o (SLa) RLERER 11 FHE(MYH)
B B0 ) 10 A5 A4 K MR OCHR SNP FRic, AHF
GETE M FE A 38 2k o 25 A 1) B PR AL AT 43 A O
MARENRREG XK R, #E—B0 A KA LI A
RIS E B 5 AR KRR ARG, DI R 68 535
Pric 4 B B R R A B Al TR R 2 AR

1 MR57EZE
11 H&aFEANRESFE

SR AR K VTSR I N T R K P2 3508 3, Morh
Phik 48 R, oo, Mt fiftass 24 B, T
— M YEFRAE . KA R R A A R A AR, TR,
B B 68 FE A TF A TCK SRR, TR EL
DNA F13E H 5538

12 E£RKMERBEXSFRICHEE

ARSI AT T RS A 10 A5 A KR AR 11
SNP #RiC(G851A . T+744C \A+762G .C+36A .C-499G .
Al117C, C+1042A. U8014. U2903 FI U11628)4) 5
{51 F apoA-1-1. PKL. CPAl ., CS. Aldo-B. SLa., MYH
FE b, 2RI T, S A KMIR I 35 (P<0.05)
S R (P<0.0 )G . £ M hRicfE#E4T PCR R
RSP L 1. Fra s Y EiREsm Y T
A BR 2 A A o
1.3 E[EZ DNA RIIREX

{8 F TIANGEN i 7 31 4 41 27 3 PR 21 SR G &
(AU T RARAE AR AT BRA w4 BR i S A AR
TR GE 2R SO BE N 24 DNA, fd T 1.2%R B b g I
L Pk RO BR ARG DNA R TN, DNA 47 T
—20C%H.

14 HERBXRFICHERFRB G

SNP #ric 2% F SNaPshot 4371 F 4k, 4347 HoAE 4
R R LAY, AT iR AR ) T REA R A
SER. SLER MR . ECHIE SNP AR BT

*1 FTAR&EKMREXS FHRICHEXER
Tab.1 Primers of growth-associated markers of grass crap
i 514 Primer
oy E

Gene Molecular . A
marker Forward primer (5'~3")

apoA-I-1 G851A  GCGATCTGGAGAACTGAGG CGTGTATTGTGTGCTTCGAGT TTTCCGACACCCCGACCCGTCATCC

PKL T+744C TTGTGGAGAACGGTGGGAT TCTGCTCTCCACTTTGCTGA  AGCAGGACGTGGACATGGTCTT

PKL A+762G TTGTGGAGAACGGTGGGAT TCTGCTCTCCACTTTGCTGA  TTTTTTTTTTTCACAGCCTTCACGTCGTCG
CPAI C+36A GATTGAGAATGTTCAGGTG TTTCACCATCTCACGTTCCTC TITTTTTTTTTTTAAGTTTCATTATTTTTAT
cS C-499G TCCCAGTATTTGAGAGATCT TCAGTAGTTTTAAAGCTGTAG CATCTAGAGGTCCCCAAATGAT

Aldo-B A117C  CTGCATGTGGGCAATATTGT CGGTAAAGAGGGACTGTTTA TTTTTTTTTTTTTGCAAGACTATTGATTTG
Aldo-B C+1042A CTGCATGTGGGCAATATTGT CGGTAAAGAGGGACTGTTTA TTTTTTTTTTAGGCGAATACAAACCCTCAG
SLa U8014 CGGTTTCTCCCCATCAGATG GAGACTGTCCGTCGTTTGG  TGAAGGGATTCTGATGTCCTCGTC

SLa U2903 CAACTCTTGTTACTGTGTGT TGTTTCCTGCCTGATTTCTTAA CCAACAGGAGGAGATGTTTGTCCC

MYH  Ul11628 GCTGTGACCTGCTCATCAA CGTTCATCTCCTCTTCATCTTC CTGACACTTTGGCTTCAAGCTGAATCTT

TEG Y

Extension primer (5'~3")

S ra 514

Reverse primer (5'~3")
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%514, KR 200~500 bp, JHT&A SNP H
B R BERY Y1, SR £ # PCR 7 IR T 38
W FEFE R ] Touch-down 773, 95°CHiARM: 3 min;
94°C75ME 155, 60°CiB 2k 15s, 72°CHEH 305, 114
TEA, BAEHRIRKRER 0.5C; AR5, #EAT
—AMIEHFEE, 94°C7AZTE 155, 54°CiB K 15s, 72°CHE
4130s, 24 MER; FJa, 72°CHEH 3 min, B 5]
0 H B BT Exo 1 #1 FastAP #EA74lifk, 88 R0
PR R4S A ANTP, {8 SNaPshot 7] &
(ABI A #), 2 E)H ) SNaPshot Mix &7 5 4lifk 5 i)
PCR F=¥IR A, X PCR =i fT 2Ef s h, S5
IR BETT R 7E SNP ARic By _F Ui i e 52 ) i T B
SEA PSR R A PR IS 7R ABI3730 4> [ S FAY ik
T .

15 REMMERTHRES

M S KRR S PR ICTE 24 R A
24 Mt SEAR TP IER B G, KIERRME
A BDH —AARAF H PR P AEFE L H I KAL)
JREO], v v BA AL IE N AR Z 1Y 1| X AR T
BRI EFRE R EEAE RS, RN T
SR = SR 08 AR 1 R B, WCHR) A2 K B B T ERGE
fe b PIREAL o KR AR R AT TR 3333 m?
FhIE SR . 7 AR, MR R REE 382 BAL
Bt TR 2K, e, kK RS RER
Kb, R, 55 BUSE SEREAR IE A TEK £
17, JITHEH DNA FI3E B34

1.6 HEFKITHH

R ERZFAMEAFRY 10 DMK bRiCE TR
AR, AT IR BN A G b o AR YRR & L
BE R AR i AN AT 34, R SPSS 19.0 # A —
£ A5 75 (general linear model, GLM), XA [H) I #4
PR B 1 A 00 5 A K MR 2 TR AR DG PR AT e/
FesrHre Gt BRI T 222K

Y=ut+Bite;,
Kb, ¥y MIHEEAMRES § DFRICE A MARIIE; w
SR LI P AR I ST IME) s B NS i
AFRICHVNAR 5 ey 2 %F I T WLEAE 1) Bl HLS%R 25 38007
(55, 2014),

2 RS9

21 E&EEAEREBSH

I3HT 48 R MR MAEI AL, b i RE S
TEF ARG MRS RO e 2 (7 I 1 XA

BEARAREC T B AR R, SEARSL RIS 5 0L 3k
2, TEXZTICH, G851A Bric i FE K B A 4l 7,
C+36A 1 U11628 bric AR ANFETE AL AL, 76 R Il
(L3 R RV BE T T R R A HT X A 3 A bil, (UEE
FFHAY 7 ANFRIC o 320 B 10 B 356 DR R4S 25 SR LI 1

R2 0MERRICEEERAFRADTHERE
Tab.2 Genotype of 14 growth related markers in grass crap parents

LR PRHIENAL 5 Z 35 A Parents of family
Molecular Dominant - -
marker genotype I Male it Female
G851A GG GG GG
T+744C TT CT CT
A+762G AA AG AG
C+36A AA CccC AC
C-499G GG CG CG
Al117C cC AC CcC
C+1042A cC AC CcC
Us014 CcC CT CT
U2903 AA AG AG
U11628 TT ccC CcC
45 b 45 45
10000+ B ° mp
6000 4000
5000 4000
2000
2000
0 0 0

1 A+762G Fric ik K A e il 151

Fig.1 A+762G marker genotype detection map

a: AAZERAL; b GG EEAL; c. AG FREFA
a: AA genotype; b: GG genotype; c: AG genotype

22 H&EaTFRERBLSH

X} T+744C . A+762G .C-499G .A117C .C+1042A .
U8014 Al U2903 Fric#E i K R FACH B9 4L K
RISEAT G4 , A0 A0 332 (R 043 A B 2R D
£ 3, R BN, CHI042A Hric AL HEE R B 23 A 45
i, TEFRHRRT GBI 51.31%; US014 #rid
FEFAR B AR A R R B R B AR, BT L
24.35% o AR FARA A 55 A 110 D 34 35 DR R 4 d Y1
H0~7 A4, Hop, B RAHSER AL G 7 A
B 6 )8, TN P 34 R AR B0 1) S By
44 B, JPrdi el 2 09 BAT 3 ARSI R A A
T, EPREEE 21.99%., A FARAMA SR
PIL R A BN 2,58, AH FESEASTR AR 19 £ 35S (R Y
B8 (1.00)45 21 2 3 46 =5 (P<0.05)
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23 HEBARURBEXHABERARESHRSN

X A AR S B B R B B H A Kb
RFATHT . R BN, BA 7 MEHRIE B
KR A, R TFER 176.67 g, IEAFRE
FEPI R ZH B R R S 36.26%., A ik 1] 5
AR AR R R R Sk B FER
FAE S NERMRCEHECT HALE A 2R

FERAIAE, H 74, 64, 54, 440 34H0
2 ARSI 70 500 5 1 A F 0 AR ASE R LA
()T B BT i 25 57 35 (P<0.05) 7 ML FASE P A 2
5540400 3R 2 LSS R RIS 3 AT
2557 B3 (P<0.05), 6 NMUHIER RIS 3 4SF1 2 M
ST PR TR A (%) 73 AR I £ 2% 5 I 35 (P<0.05)

®3 ATRMFICFREERBRB S HIRE

Tab.3 The frequency of dominant genotypes of different markers

i H

A FFRic Molecular marker

Items

T+744C A+762G C-499G Al117C C+1042A U8014 U2903

Pt B R R4 A7 SR Frequency of dominant genotypes/%

25.92

2592  27.74  51.00 51.31 2435 23.04

x4 RETFTRPFAESFEMEEEBEE B MR E REURE LR CF AR ER)
Tab.4 Analysis of growth traits of grass carp with different number of pyramiding dominant genotypes (Mean+SD)

PERASE R A (FEAR D) {ZNpig [USN %N B3N K A
Number of dominant Body weight ~ Body length Body height Head length Caudal peduncle Caudal peduncle
genotype (Sample number) /g /cm /cm /em length/cm height/cm
0 (44) 129.66+16.96°  17.53+1.57% 4.6240.55°  4.63+0.42° 2.96+0.39° 2.41+0.16°
1(67) 144.45+18.39%  18.56£1.24°  4.79+£0.04*  4.77+0.41>°  3.13+0.33* 2.53+0.23%
2 (83) 151.33430.95°  19.85+1.62° 4.82+0.04*  4.80+0.52°"°  3.18+0.43" 2.55+0.33"
3 (85) 153.53426.66™  19.94+1.42° 4.84+0.03°  4.85+0.38% 3.21+0.41° 2.60+0.46°
4 (44) 154.77433.03%  19.95+1.68° 4.85:0.05*°  4.87+0.47°  3.22+0.39° 2.62£0.34%
5(38) 160.50+19.17*  20.16+1.06° 4.89+0.06°  4.93+0.45°  3.2440.39° 2.67£0.37
6 (15) 167.50£19.98™  20.50+1.93® 4.90£0.09*  5.05+0.71° 3.25+0.39° 2.79£0.83°
7 (6) 176.67+6.06° 21.51£0.63°  4.93+0.15  5.18+0.10° 3.28+0.06° 2.80£0.27°

e FP B AR AN R R 22 57 i 3 (P<0.05)

Notes: Different letters in the same column indicate significant differences (P<0.05)

3 iTie

55 36 T 07 1 32 B 1o 0 e R IR e B ok Ay
WERR, WHEICRS ZHEERKEEm, 5 Fhrid
W S AL G FPER ) — LR 2 | 23 B R ReR
FIPE 5 B (X AR T4, 2008), 4> THRicor Nk Blibs
WCHDIRERRIE, NAESFR DA B ABE R EM,
HESRIC ] fB2Z 415 S ry BRI, TSk H FHEZ2
BEHA@EMN LS4, 2019; Fujii er al, 2000), IIfiEdric
JE AR MR M IR AR S 356 DR A D RE SO & ORI 2 S
PEFRIC, FIFHDIREYERR IO FARic i B e £, Xt
FEIZR B A THERE , DI CRAIE T 326438 1 R A e R s
PE(ZE 5, 2016; BRAEIGSE, 2010; VKT 4, 2018),
A 5% B T S 56 2 7 1A R P 46 5k ) 18 35 DR S I 43 A
5T ARAT 1 5 T A KRR A5G 10 4> SNP ARICHE N
FFEXTE, AT RS LR R R 20 1 X EA
R R SR, TR I B R ) 573

Koy 2.58, 1w TORARER AT B i R AL
H(1.00), BLEASE T H MRt RN R G E
FOIESY , REGE B S PR AR h L A B R B B Bt ,
JE BRI FARic i B B ORI R i LA it F
PRHE TR AR

AR ERGEMRAT N EEREENERZ —, Z
R IRESE A (EREARSE, 2018), UNARAUAL M BR
B AFHAT T E R, A AR IR B 4 1 52 =
ARMERE B, ZERREBORT] SLI 2 5
KA RIS, BRI E AR MR R A5 a5 R
(R AEAE, 2016). K5 % (2016) 76 M 67 (Siniperca
chuatsiy“ e 1 575 (REFHAKM, Fi~Fs &
SRS BB AR RGN, HL A R bl 2 34
TR & S5 (2014) 20 A7 K 11 2 ff 303 PR AR SR 5 301
B, FAA R P AL P R 5 A K bR 2 A
XK, B 6 MRS I B A SR i e 14
DA A Y B AR SR B 34.14% ., 22T 7345 (20 14)1E £
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#(Cyprinus carpio var. Jian){L# IR B EH A, F
RE 4 ADPEIE R A ROT- 538 8 HAS B O 53
PR AR A AR 14% o ARG FAR A4 BT 5 00 3 32 PR A
o 5 A KR AH EME T 45 R R, P L A
BEBRSEaARERETEME, S0 aCRS 5%,
2016), K11 RBEE (RIS, 2019) , BR(FIILCEE, 2009)
MIRFIE A SR — 3o & 7 A0 33 BRI 1) SF- 25 1R I
RS RS R AR L S 36.26%. T I, F
FHZ R H R A FH AN L KA REH R A, nTsL
PRAE KRR KRR E R X R, 745 1)
FA QAP E SR, A TR e R EE ]
R A KA I B 2 A RVE R SR AR AT
BH, S R AR

ZIHHERG SR, BHOIN—A L W E, K
S — AR BV IR, wT ke R B AR AR
W RKBRAR (R A, 2014) ASAFFT L e H X Al
% WA AT B A A1 34 DR A0 1) i o A 5 R ok
F, &2 3 AMEASER BIAAEUR 2, BT B
SR 21.73%H 22.25%; & 7 DMLEEE AL AR
Bl , i el Ry 1.57%, A Ak 5 i 550 AR 6 45
B PSR 2019) % K RS RS B E T 2 HE
BRI M 2 B, B2 S PO S R BB 3G T, X6 R
(AR RS B il BRI 3 T B F MR TE 5 2~3 A4
SRS B, LR A 4 8 A7 e 2R, Bl
HFRE A PRI AVECH By, PR (8] 1Y 40
EWEN il VN = I B BUR YN 0N U ND R e I
A ik DA A B3 R i ek — [ A, DTG AR A A 2 R
FEBREEAR . T ZEWAMH R, ARAF5R AR
BRI Z RN R A B HEARN H T T PR, M
Tt — 5% .

ZIHHNBERSVHN 7 S5 REE BE
AH R AR T8 24 Sy AR S 50 iy 300 30 o i 39 35 PR S B 43 A
D7 TR M AR, BTAF R SS R B, X 7 AMRic
F4) I B4k 3 R 7R A R 11 SF- 25 4 5 B H At 35 DR AR
PRS- A1 T B 1 6.86%~11.00% (i 151845 2012a., b;
BEAEAESE, 2014; FE/NAT, 2015), Hip, A+762G HRic
Xof A ot et 5 eV P e, LA 35 R AR A - 2 1R
Jo i L AR S AL R 11.00% (/ML 2015),
AR IR ZTAF, X 7 AFRIC PSSR A
NN R R NIl o e | e S I R N NE S =
4.27%~12.11%, Hdr, A+762G brid BpPL 3 I 1A
A SRR I PR A (R 1 - S5 1R o 2 S e i, P9
FEH BRI BB IR TR 162.41 g, FEIHAAMARR)
R R T 12.11%, ASHFSELE S5 AT 0
FELE R —FL, B A+762G ARic A I )
FME R K. A+762G Fricly TN BRI 1 A

(PKL)FEI I, PKL JEWH ik 3o A% i S OB iy e AL it
A AL PEP %46 i DI IR , 4 55 e IR S 54 74 45 ADP
AR ATP, S SHUAAarif o A K R F i #
(FUH A, 2014), R AILHNREF b % &
¥ PKL 3:H T A+762G i fE b ik Hisbsic

AHIFGEA ) 3 PR 0 2145 3800 o BT & B, A A 56
I AFE N R SRR 2, oA R Pk 28 7
o, (HEE 4 N 3 AN 33 DR AL 8 S AKX R 5
FZAR/N1.24 @), EA 3 A2 AS0HE R A
P YA B A 22 AR/ N2.2 @) P JBT PR X ZE5H P fE
FH AR A 2R A 35 PR R A R0 43 W 9 P A AR 2L
SER(IRIERAE, 2013), HEM W] REL I R G A T
S PR (14 3 PR 7R A0 R 114 87 BRAFLIN , T 2 AS [ S R 2 [a] 7
FE— G A B AE T, DI 52 i 3% A PEIR T K
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s EE . AR (201958 K 1 BB AR K
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o > BAASFE RGN, HLZH A 32 RGN I 2 B 3 [
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A B FhELK BE DR RN 0 BT S AN (] 35 DR A 4 R L
ST ARG, PR F5 AN A PG 22 36 R 3R A 200
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The Effects of Pyramiding Growth-Related Genotypesin
Grass Carp (Ctenopharyngodon idella)
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(1. Pearl River Fisheries Research Institute, Chinese Academy of Fisheries Sciences, Key Laboratory of
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Abstract

growth-related molecular markers in grass carp (Ctenopharyngodon idella), ten molecular markers related

To better understand the effects of pyramiding advantageous genotypes of the

to growth traits were selected from our previous studies, located in apoA-I-1 (apoprotein A-I-1), PKL
(pyruvate kinase L), CPAI (carboxypeptidase Al), CS (citrate synthase), Aldo-B (aldolase-B), SLa
(somatomammotropin-a), and MYH (myosin heavy chain). The genotype of each marker in forty-eight
grass carp was analyzed, and two parents with the most advantageous pyramiding genotypes were
selected to create a family. Seven-month-old individuals (»=382) were randomly sampled from the second
filial generation. The results showed that the number of advantageous genotypes varied (0~7), and the
corresponding number of individuals was 44, 67, 83, 85, 44, 38, 15, and 6. The average weight of the
advantageous genotypes was 129.66, 144.45, 151.33, 153.53, 154.77, 160.50, 167.50, and 176.67 g.
Correlation analysis showed that the pyramiding number was positively correlated with the growth traits.
Further analysis showed that the average number of advantageous genotypes was 2.58, which was
improved compared to the average number in the parent group (1.00). These results indicate that the
growth traits of grass carp can be improved by aggregating the advantageous genotypes. This study also
provides a theoretical basis for gene pyramid breeding in grass carp.
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