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XMW, MEE, T2HE, WAL, AR, FARY
(1. FigERRE, KEMREEAE SR AAEHEALRE, LiE 201306;
2. 5 E K = R 5T B R K S B T R
Ml A A 3 9% K I 5 BT BRI S s =, 9N B8 214081
3. MR RIK = F2 Gl s, YL95% 750 215002)

BE: FTARBENMERE RN RERREL, AR FABERITHEEAMI
Fo N THRAE(H2)EH, Ho0HXET2RI0E B &%, ATIFEME A& KERW%E
M. WAL T EAFID A K2 T 2 F 628516602 Aty £ A K IR, IR ok 3k BUBER R
FIRRMER;, AN TRAMEFEREEZ . E2NEHAF, AR EEKK
ERXRRAAHGEAREZ 27, EH2Y, AR EMERKEXRRRITEAHFEREZ 7.
Wb, XA AN E KRS EIE P R $(0.39%~7.64%), HEKE A
#09 E{H(0.01~0.02), 3 T zh A A Fn R ) M & A LA %, #3308 WK &k K By ik
& 4 7 704740049, H 3K BB F KT I EFMEKKEFER D F W EE
Ak FEAMK, 27 H089F083, HER KW, AR AMBERBELER, TUKRF
ERAEKG BNy, #00RAEKEREARGLETA Y, MEALFTRIAHKNF
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AT, BiE, BT HARESENBIN .
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Emarils, WLy EekFRMIAE R
() 358 A% AR S R R o SE Al AN AE 881 (Cyprinus car-
pio)". B3k 5 (Megalobrama amblycephala)®™ ., T
% (Oncorhynchus mykiss)"'fl J& % % 4k 4 (Oreo-
chromis niloticus)' "4 1 255845 B Fh o 295 BEIR
B AR ] 0 A R AL SR AT, I 2 2 b g # A
fit & 77 (combining ability) e i & Fl Al 45 & 22 it
WA MR . BRI BEAE b Ik E ik,
FEHE T His R R BB AT 2R B, 7E
VF 2 500 B AT RS Bt iy st AR ke o SR T, A
e SUNTIR N N3l RS TR S P N AR N
ARG I, BER S BEA  IE1E
MEREG R, ML FEA SR R)ETFR
BEOR P P DTk, SRR T A5 S A A
R REAR, AT 303k B 5 0 G 3 28 R 1
B RREEANE R —Fhw 2R {7
2, B ER AR E MR ARG LR,
FE B AR A BL R T A AT DLAT 8500 3Rk 3T A8 U o 7E
S, XWRRMEAT DR R R
e — A AT Y AR IC S IR R, X H
THETVRN e B B AR M USE R TAE, X T —Lk
MEE R, @ AN TRAMERERXRN
MK, BHAET, EToFiridir FEEH
ANk Z N B MEFR TAED, ARR
AR L T A RO B R SRR, FEE TR RAEA
PRI S B B b, 38 F R AL 53 P (estim-
ated breeding value, EBV)HIi% 1% 17 (heritability)=5
SR B B FIPEA BRI S 5%
KILAR , BF58 N G0 B 1) 35t 4% ek B A
GEHAT T RERSEERIR R, G R E 25t §
ek U MR T RAEE, BT T
Fric i s RE A s A8 0 e et miih i
Hi " TFIQTL(quantitative trait locus) & v 2 WF 5T,
S AN BT R A E AR AL T 25 S
MY F B, SR, SR MAROR . B A
Ko P ERER A, FRRERET SR E
B, MREEKHREMNZEHRA . B, 6
MNTEFHFRENRE, HHiw o R4 - A i
JUREH o A T B R AR KPR B e RV
MBI, A8 58 F 852 K VL R R A (o
TR HDIF RN T B, kT Es AR
HRIGHEE, IFFREATTIRES . KEMKL
Bo gl & X FAC R I AE K 22 5 L Ze A T
& JI s AE J1 4 mAE S BUG TS, LUK
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S ) 2 8 7 7 AR SR B
1 MRS T

1.1 SEEHHE

201645 H , WA (SS)FI 7 M (YZ) I 5 2
JE R 37 5| 8 (0 SR AR o Bk 3k AR I — B0 AR
M ASJEEA Q4B MEf . 24 MEfR), FEHMTH
KKK IR I RSN T B8, X e A 5y
1) B B4 2% I F) FH JG 7K 2 P 1] 22 PR AF- (4 °C) 5L
IS5y 2dl T, ALHE N T 5 B BaE 2 (4 )
FVBEAR ] 22 BC 3 31 1 N T 424G 4 (412). FF R
B 2H A0 5 12 Mt F 12 M, Horb 168 (MEfa
Dam01~Dam08 . it Sire01~Sire08)3€ [ 1 & FEA
82 (M f1 Dam09~Dam12 . /fE ffi Sire09~Sire12)>k H
M BER o N T8RS 410 5% A e X 2R 3 4
TN, IS5 A BRI AU 4 22 T (3R D),
XFARAT I 520G U0 R T B S5 f b 1, Horh 3ok
AR ARG I T ST 24 B H 3RS 0 2k
BT I £ T K U R FH 2 57 99 A Tt A0 St I 1E 4T 43 TF
MEAL IR T o 0 R % B 2 O 150 /m®, L)
WA R G RICKERE , 1215 dE & & 0k
TERFHAT#D 72
1.2 BEXRE

20164E6 1, fEfami BE1L30 dfs (PR« 2 AE™)
G320 BGH A AT AL RAE IO = . R T
Jo SR A B (96r A5 ), A o i R B 6722
i, it 344k . 43R H L ROF (R A 3
0.01 @) Fn¥iF bR ] O 51 %10.002 cm)it 47 Bk = A
w0 ok AR A B9 R i (body weight, BW,
g)FIl{& K (standard length, SL, ecm)¥#i. B )5,
5 A 2% IF R FHTC K S BERE 2 R AE4 °C)o

1.3 EFEEDNARBEEFLE

Xof WAL B (%) 85 2 A 0 AR Y B O 2H AL A%
40 % Wy — S0 15 R AT 3 2 DNAR $2 B, 5]
FHA Yo Ba g A B Mg v A I 52 38 1, FEF NanoDrop
AN EEBE T (Thermo, 7 ) ARG I B e B2 %5
DNA FE 2£20~50 ng/uL, #HAFT-20 "CHH.

BEXE BT A AR 3 41 DNARE A, 3EF 10
AP T3 bR i A A 3 DR B, A3l A
AW EA AT R T 2™, B N
KR SILFEAR RIS S . FHREET (http://
www.R-project.org/)f 35 A X N A 1T i S

o E K= % 2 J»  sponsored by China Society of Fisheries
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Tab.1 Mating design of artificial breeding group of H. nobilis

MEff female

ai)

male

wM Yz

AHE SS

Daml13 Daml4 Daml5 Daml6é Daml7 Daml8

Dam19 Dam20 Dam2l Dam22 Dam23 Dam24

M YZ  Sirel3 v v
Sirel4 \ \

Sirel5 \ \

AE SS

Sirel7 \

Sire18 x/

i YZ  Sirel9
Sire20
Sire21
FHHE SS  Sire22

Sire23

Sire24

Sirel6 N \

14 BIESWMZRESHEER

FIFH SPSS 228K (IBM, 3 [E )X & SR A (oF
[ MR 2R BGEA X (R R) FAEGHEAT R
R s X A R MR B 2R AT A T e R E A
SRS, JFXT AR R R AR S L2 A ]
RARK MR THR I K J7 2253 HT(One-Way ANOVA)
MZE I,

TEExcel X (it AR I A 20 G I AR

o SR R L3 H o (Y%)=(F —MP) | MPx100%

SR Hy(%)=(F ,—BP) | BPx100%
K, FRRZAC A+ — AR MR,
MPRHIGERA K MR E, BP R EAR
RN ORI

FI FH ASRemI%K /4 (VSN, - & )itk 17 7 22 41
Gy e oy s SRR, JFRIHA e (likelihood
ratio, LRI 7 240501 & . RAB G L
4 45 Y (mixed linear model) A1 FR il 1 B < {BL 4% 12
(restricted maximum, REML)f & A & MR 1 FC &
H1o GE A

Yie=u+fi+D;+Sk+DSjr + eiju
A, Yo TACEER A, wid SR IME,
SR AR A PRBE AR Y [ 8 OV (B, DR
ANBREARBEAR R — B T, SRR SCA B
) — RS A 1, DSyl 8 BEARBEAR 5 55

Hp [E 7K 7% 2% 45 /5 sponsored by China Society of Fisheries

SARHASZ I B IR B T, e MBEDLIR 22

3L F 3 9 #5 &Y (animal model)FF: % FH FR il 1
I RAUSRIEAG T8 4% T3 (%)« AL AH 5C (rg) FI R Y
FHK(rp)o BUFHEAY

Y,»jk:u+fi+mj+ajk+eijk
A, Y PSR R OO, woh SRS (A,
SR A PREE Y [ 5 ROV (B A ), moR 5 A B
A REAI o Ry 3574 BEAS B 26 kA>T B A
PERINL . e W BEALER 22 o 2, AU 1 R0
f{EENABLUP(best linear unbiased prediction) HFHE.

R TETF sl BR&AE S, EREER
1B 55 2 AU AH OGP B0 s BT, XA R F FE
A R RN X N A AH AN (AT RS OE X
J7 VR X 2 A OC T R I R O (B ) A a2 e, ]
ARG OC R E M

WAL 1 o AR A DGR R A AR S

W =0l )op—0?/ (Ja2 + o’ + 032)
rGwy) = 96/ [06w) X oG]
"Pay) = Op(n)/ [0P) X 0P

K, o2 ATy 22 A5y, o MR Iy 2%
Wy, o WM 25, o2 k24 o
Gy PN T pagy 73 990 28 78 XFIY 2 00 A 4R ) 1) 352 %
FRBIF K, 06000 M 0py 3 AR XFT Y L 4 {4
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Ko AR

44 %

PEAR 6] 6938 5 801 005 224153 . o0y Mlope i
ol AR 3 X 0 (A PR ) 352 4% T 3R B T 22 20 3 B A
W2, UG(y)*ﬂUP(y)ﬁ%M’E%%Y;}%@Mg‘l%lhiﬁﬂ/‘]iﬁ{g%ﬂ
TR Ty 22 o AR IE 22 o Mk 35t 1% 2 B0 (B M
PRuEDR, X HEAT AR g, BAAS IS
FEARPURT A

2 4
21 FEFEEREEKMERBAMES T

ZET U E, WA ZH A o 3K 15 628

e 90O ° 00 o ) s )
sire01 o & family
sire02 4 [A A full-sib
sire03 . ® )l half-sib
sire04 o

Lo sire05 Hi no.
/X% sire06 s ©100
N sire07 ® 0200
Sire08 ° @300
sire09 °
sire10 °
sirel 1
sire12 °

838388588 =2=2

EEEEEEEEEEEE

T T TSI T T TS TS

[alalalalalalalalalalala)

R
Dam
(@)
1

%
o

(93.45%)F1660FE (98.21%) A R ) S g 45 R o AR I
FTURELER, B N A ™ (0 B AR S 1
LT (Kl 1-a), fF7E LR M f (S fa) 5 2 R i
(BROME £0)C X B AT 2 R A B B BAR ATy, W AE
TERR 7 AR S 5 BAE G Mt RI3 e I fa), i
P I AR B BT TP R N TS 41 (B 1-b), Frfa 3k
13U R G 2T T 260 A A 24>
BIALH A BEA CR IR ML 5 ) 2R A (4 R K
FON I FAREGHEAT RO R, AR IEA (B
FOR A STERAA R B 3 25 = (P<0.01),

sire13 B IR o A family
sirel4 P A full-sib
sirel5 o ©:L[FEM  half-sib
sire16 o
o Sirel?7 . & no.
.= sirel8 . 040
“ sirel9 o @120
sire20 ° @200
sire21 °
sire22 P
sire23 °
sire24 1
NTNO~-0NO — AN N <t
~~~~~~~ ISESESESES!
SEEEEEEEEEEEE
T T T T T T T T TS S
ajalalalalalalalalalaYal
A
Dam
(b)

R EEA@MAIEBEAONFRIH

Fig.1 Offspring distribution of mass spawning (a) and artificial fertilization (b) in H. nobilis

NP ARAS ZR IS5 B A UR 430 H il o5 0 A KPRtk
TR R YE G T . 24 B 2 AR AR MR A
e 25 5(P<0.01), IR H72E F 280(19.30%~
25.51%) 3 K TR A 57 52 %0(6.86%~8.66%)(#2) ,
AR5 s VA AR Sl 2 A DG(P<0.01, - [B12),

22 FRAIRBARXERITHFREKMERSE
a2l

N30 H s A K AR AT SE T, IR
ZE AT R, P TH AL N KR A AR KRR
WIEAE M B 3 52 0 (P<0.01); £ E LK BR,
P56 20 N 53 R &R (R B3) ) i AR K PR AR A AE
2 7 (P<0.05, [K3),

G390 6F P A BB 20 AR [ 32 i T AR
P30 H IR AE KR I Lo, B R 7 225047
SR BN, W UTORTR S B T A A A R
SRR f 35 (P>0.05), 1117 4H 27 AS [R] 38 Bl 35 1% 1
AR AMR A B2 52 0 (P<0.05)(£3).
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3 90 68 T A BB A P 2 52 AR 30 H R 5 A
RABRBIZFIICI PRI H BRI,
L5 R A TN 2858 AR 2 R AR B A7 A
SEALH, M2 25T AR A A K IR B A7
TE PRSI R (K 4).

XA BEAE AT A T U300 H I AR PR

F2 BB REKMIRER ST
Tab.2 Descriptive statistics of

30 days growth traits in H. nobilis

[E2TN ! B CPHEsnEE TRAK%
trait group no. mean+SD Ccv
kg Ml 628 2.43£0.47 19.30
BW
42 660 0.5740.15 25.51
1/
i i/em M1 628 4.89+0.34 6.86
SL
H2 660 3.18£028 8.66

i BWAISLA BRI EAAK, TIH
Notes: BW and SL represent body weight and standard length,
respectively, the same below
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Fig.2 Power correlation plot of body weight and

standard length at 30 days in H. nobilis
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Fig. 3 Comparison of growth traits among different families at 30 days in H. nobilis

There are significant differences without same letters (P<0.05)
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®3 BRERERTFRIBREKERNTES R

Tab.3 Variance analysis and comparison results of 30 days growth traits of offspring from

different mating designs in H. nobilis populations

Yl ¥ ZHCBETT  mating design B
group parameter SSxSS YZxYZ SSxYZ YZxSS Sig.
M1 FH no. 424 102 73
/g BW 2.41+0.47 2.51+0.36 2.47+0.47 2.51+£0.47 0.169
fA&/em SL 4.88+0.35 4.93+0.24 4.90+0.30 4.90+0.34 0.758
#2 EH no. 185 207 9
/g BW 0.56+0.14" 0.56+0.13" 0.60+0.17° 0.60+0.12" 0.012
ff/em  SL 3.14£0.29° 3.16+0.23" 3.23+0.30° 3.294+0.26™ 0.003

W AT B RING FRER N 2 7 B3 (P<0.05)

Notes: different superscript letters in the same row mean significant differences (P < 0.05); SS and YZ refers Shishou and Yangzhou population,

respectively

R4 ERERTASTRIEREKEIKN
FIILB SR

Tab. 4 Heteroses of 30 days growth traits of
crossbreeding designs in H. nobilis populations %
R SRR
B! PR MP heterosis BP heterosis
group trait SSXYZ  YZxSS  SSXYZ  YZxSS
Ml kFiE BW 241 4.17 -1.66 0.04
R SL 0.39 0.43 -0.66 -0.62
#H2  fhFRE BW 714 7.64 6.91 7.41
R SL 2.51 4.39 2.29 4.16

x5 WBEATEFITFRIOBEERKERD
BHEEN
Tab.5 Special combining abilities of 30 days growth traits

of mating designs in H. nobilis populations

RREREC & /1
B any special combining ability

mating design

kFiE BW (LSS
SSxSS ~0.03 -0.02
SSxYZ 0.02 0.02
YZxSS 0.02 0.01
YZXYZ -0.01 -0.01

0.01), Horpr, MR8 RAVE S FFE M IE R
(R)40.61~0.68, KK FRAEUE S FMEH I E R
$(R?)}0.65~0.68 (1£14).

3 e

W T T TR 7 AR IC B 2K 1 4 5 46

http://www.scxuebao.cn

Fo HEEHKRERKMRERAGI AL, HIF). EEE
XA AL DHFMRBEEXGEHE TN
HEEERHEATER)

Tab. 6 Estimates of heritability (diagonal, bold), genetic
correlation (above diagonal) and phenotypic correlation
(below diagonal) of 30 days growth traits in
H. nobilis (estimate + SE)

AR s o (/SIS

trait BW SL
A BW 0.47+0.11%* 0.89:£0.05%*
K SL 0.83+0.02%* 0.49+0.11%*

R RORRE E KT (P<0.01)
Notes: ** means extreme significance (P<0.01)
R, BRI EAR T TTER AT 22
S, I 5 VR B R R AU I AR S 22 A O,
ALY BIF 50 235 R A A G A 0 2 v sl A7 AR, TR
BN TR RN R R R VRl LB U L L
FEAE S8 5 ROstHE 2 REPE R S8R R A 45 )
=, BE T AR b R
AR FACTTHR A B (R, ) LUF) 2% 1
BERMRIERR, BAEREXRZREEMER
AR K, T sk A B A B A ORI B
REE AV AT 58 J3E T v 1 DRSS o

FEA = Sk, 30 H WA 20 A 2 v B B RN
FROH A I EL MY B, 8 H R AR 0 AN
B o BRI A £ 2R BAT SRARANA IS . S5
KRB KA 4 e, RS0 MR, B
A RUEARIE T WA . 2T % BLEE30 H I 4 5
A AR A DGR R 3, 5 HA A AR,
A JE A AR A, 3 Ry R O S 1Y B
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6 1Y) R, . B30 H A KPR 1B % S 8 889

6 201 group 1 212 group 2
5 L
=1 0.275x+4.216
mi I y=0.275x+4.
EE 4 R*=0.61, P<0.01
He
‘KDI "5 3
og > 3=0.762x+2.741
R, | R*=0.68, P<0.01
®
1 L
0 L L L L )
1 2 3 4 5
NI
BW

6 211 group 1 2 group 2

5 L
5
i IR 1=0.561x+1.468
=% R*=0.65, P<0.01
bl Z 3
ll’i m 2 | /
Es 1=0.221x+1.641

1L R*=0.68, P<0.01

0 1 1 1 1 1 1 )

1 2 3 4 5 6 7
fRK:/em
SL

4 FB30HREKMRRBEESEMENLKMEEXE
Fig. 4 Linear correlation plot of EBV and growth traits at 30 days in H. nobilis

) ff o FR fih B R = | edh, HARPER A ERE,
R BT R EE A NG . xRk
B, A AR IR ) A TR B B D R ER(R=
0.98), #E AT DR AR B — MR SEE XS 55 — Mtk iy
[ £ . ARXT TR &, 5 AR 4 RUBE Pk
RMERZEMHEE D, WEEHL . KFRK
Pa KRN ) I R N i U s o 7 D
LA R Y B &, A R R MR AT
TE A T 0 AT AR AR o S v A A A
PR A K R B 22 R, X A
P22 R EYIAOC, DN 7R 3 T 3R R B s E AT
PR b, R T R T ORI 5 B A B A
R AT

T o AR R R B A S IR T R AT B A
AR, TR R TR B ik
A, XEITTRAREFHLERET S
By T ARG . A2 BR T I R i HL B AL N T HHE 1Y
MEFE . DA Mk 2 35 BT /N RS F0 R B ) B bR O
HFHE, eI B30 H #8) T R i it B fb K
REE, HFAEBRKEMMERE ., Wik, ELE+
CIRVERIN S ¥ S SRR O R o v = o S 8 T N S
ARPEATEE B I T, AR — Pk i 2 .
AR AT B L G BRI T iEEa M)
PN JE AR AR AT N T80, AR 4l 24 b A 5 A
BeA 1, BRI H A 7E A Kk
BRI — . Wi, N X A4
A LA H M TR e, BifE O  F AR
B, NS E M s 42 S nl . BFsE b
FEASBEAR — M BC A 7 800 7E A K Mk e
Giitsr i L, USRI S B B AR g )
N FL 40 3 X 8F (Litopenaeus vannamei) "1 B 4K

Hp [E 7K 7% 2% 45 /5 sponsored by China Society of Fisheries
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Genetic parameter analyses of growth traits at 30 days post-hatching in
bighead carp (Hypophthalmichthy nobilis)

ZHU Wenbin '*,  FU Jianjun’, WANG Lanmei’, ZHANG Lide’, LIU Qigen', DONG Zaijie "*'
(1. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education,
Shanghai Ocean University, Shanghai 201306, China;
2. Key Laboratory of Freshwater Fisheries and Germplasm Resources Utilization, Ministry of Agriculture and Rural Affairs,
Freshwater Fisheries Research Center of Chinese Academy of Fishery Sciences, Wuxi 214081, China;
3. Suzhou Weilai Aquaculture Farm, Suzhou 215002, China)

Abstract: The aim of this study was to estimate the genetic improvement potential of early growth traits in big-
head carp (Hypophthalmichthy nobilis). The practices of mass spawning (group 1) and artificial insemination
(group 2) were carried out using two populations of H. nobilis, and 672 fries at 30 dph (days post-hatching)
were collected from each group, that were used for the further analyses of early growth traits. Based on
microsatellite markers, total of 628 and 660 individuals from group 1 and group 2, respectively, were
assigned with unambiguous pedigrees and reconstructed with population diallel cross combinations.
Extremely significant unequal parental contributions were detected in both groups. The extremely signi-
ficant differences in BW (body weight) and SL (standard length) were detected among families in both
groups, and the significant differences in BW and SL were detected among diallel cross combinations in
group 2. Furthermore, the positive values in mid-parent heterosis (0.39%-7.64%) and special combin-
ing ability (SCA) (0.01-0.02) of two growth traits were detected in the hybridized combinations. Based
on the animal model and restricted maximum likelihood (REML) algorithm, the heritability estimates of
BW and SL in H. nobilis (30 dph) were calculated at 0.47 and 0.49, respectively. The extremely significant
genetic and phenotypic correlations were found between BW and SL, with 0.89 and 0.83, respectively. The results
indicated that the early growth traits of H. nobilis could be improved through family construction, cross breeding
and selective breeding, but the unequal parental contribution should be taken into account in practical breeding
programs.
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