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PRI B8 A2 7= AR RN 48 5% 3 2 B B LA FEPRIR, B
S AR 2 HE R A A E R, B SRR R 2,
AN PR R IR S A BR . B oK T B R
P IR R BRI IR &R, 23 BT AE 1 SRS = I
J& 1 ORI B A A KR 1 - b ad Al B B R I AR
) FH iz 3 3 TR 7 v D\ T IR 0 I T TR TR R U g
(PCK)'"'. #utk 52 7 745 & 8 (1 (HSBP 1),
FOX03b"™ . WIEREE [ EHEREE (MYHE)"™ . ko
A HSCT0-1(15 k7). HYE ARB(CTSB)" .
EEERREAE A EAMEBP) " W
B F(POULF)!' . T I 5 FRFA L B 22 ik (PA-
CAP)"™ | B EREAEKE T-1 JGF-D", K
TR B L (ghrelin)™ . EIBE AL (Apopro-
tein A1) AL A KA 2 (MSTN) 3 R h 43 5
i e BN 5 A KPR A I SNPAR IR . 7EIX 2L T
ER A 2 b, AWt iR 7T 58K AR SR
GBI RIE R, 58 T R B2DH AR KL
RIL R ) A5 R R i s R, DA K
1 PR 5 A2 KA R AH 20 23 T b ic 72 & A 1 B 42
iStibe

1 #RERE

1.1 AOREFEARRIPIEFIFRIE

SEA6 R I R Ao Ok E Tl i =k A
IR PR 2 7, MR th k40 K 1
eyt 15 AR JFUE ORISR (828.5+21.2) g, Mt

IE £ R 1 %20 2, fE KR R AT IRAE, MR
S S bR, RSN E R RS, TP
DNAFIZE A L 7547 o
1.2 EKMRHExS FIRICHIERE

AR SIS = ST BT3RS 134 5 AR KR A o
143 FHric(Unigene33789 All-658. Unigenel9479
All-121. CL1689.Contig2 All-302. C-6811T. C-
821G. C-598G. G-2782T. C-18T. A-2282C. SI.
A-642C. A-489CHIC-1453T)% 6 FPck1'™,
HSBP1'"' Foxo3p'"'. myH"". HSC70-1.
crsB™. HBP', poulF1". pacaP". IGF1".
ghrelin™ . ApoproteinA1”"HIMSTN"*'JEH |-, ix e
Fric ¥ SR E R EMH G, L1300 Fhrid (e
HEAT 35 R RS R B B 5107 0 L3 1, BT A 5
Y i REEGAEY) TR A R A R & R, A S14A7 A
P38 I 510K 2 6 T AR I .
1.3 EFEHDNAAYEE

EUORAT ) SR A A AR BB 25 i, TR R RAR AR AL
B AR A PR 2 w1 & A R 7 VAR U 2R
DNA, FH0.7%55 5 Bt 1 F kA 23 D' 0 BE v Aar il 42
U IDNA I AR EE, fRAF T-20C 4 H .
14 A KHEXFRICHERE BN

GhrelinZ& R _F FISNPARIC K H B #0 7 ikit
AT FER L) 43 B, %o K 1 B i 35 [R] 240 j3E 4T PCR Y 18,
PCRY™ 1 [ M AR R N50 pL: 10 pL 5xTag PCR
master mix, £ N1 ul (20 pmol/L), AR

®1 FAXOERHEREREXS FIRCHEXER

Tab. 1 Primers of growth-associated markers of largemouth bass

— — —
Molziu%la)rrmnzaarker Mﬂggﬁ%f (i 5| #Primer (5'—3") FiE{H 5| ¥ Extension primer(5'—3')

SI[ATTTTT(GTTT/-)TT] IGF-1 ACAAACCTTAATGTACTG
TTCTTCCTCTATGTCACC

A-2282C PACAPA ATCACTGTCTGTCACTTCATG TGTTTTTATCTCTCTCTCTCT
ATAAATGATTCATTTGCAGCC

Unigene33789 All-658 PCK CTGAAAGAGGAGCAATTCTC TTTTTTTTTTTTTTTTGAGCAATTC

TCCTCTGATAATT

Unigene19479 All-121 HSBP1 GGAGGACAGCATTTATAATAG AACACCTCAGGTTTTTAGTCTA
GTTATGAGTGGTCTTATCAAAG

C-6811T MYH AGAGGAGGAAATCAAGGTATC CTCAAATTACCGTGAATTCAG
GCTCCTCCTCATACTGCTCC

CL1689.Contig2_All-302 FOXO3b GTACAGACATGTATGATGCAG TTTTTTTTACAGAAAATCCAGTAA
CATGGTGTAAATCTGATCCAGT ACAGAC

C-598G CTSB TGAGTCATATGAAAGCATTAC TTTTTTTTATGCATTGGGGTGTGT
ACACTTTGTGTATGCAGGCTG CTCCAC

G-2782T HBP CTCTTACAAGACGGCCTACTC TTTTTTTTTTTTTTAGCTCTTTGGG
GAACAGGCACTGCTGGTACAGC CTGCGGCTCAG

C-18T POUI1F1 GCAGCAGGGAGAAAGACAAG TAAAGTAAGACTAAACACAAGA
CGTACACTGAAGGTTGACGT

A-642C Ghrelin AACCCTTGAATAAACATAACGT
TGGAGGAACCATATCGATGTCAT

C-1453T MSTN TACATCAAAGGAATAGTCTGC TTTTTTTTTTGGAWATACTAAGGT
ATGTCTCATAGTGGGTCAAA AAACTTTC

C-821G HSC70-1 TGAAGCCTACCTCGGAAAAGT TTACTTAGCATAGCTCTGGACA
AGCATCCTTAGTGGCCTGGCGC

A-489C ApoproteinA1l ATTGAGCCCATCGTCACAGA TTTTTTTTTTTTTTTTTTTTTTTGTC
AGCAGCCAGTGTCTTCAGAT TGAAGGCCAAGGTGGAGCC
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DNA 1 pL (50—80 ng), JlddH,0%50 pL. PCRY"
R 94°C FIAR M 3ming 32MER(94°C, 30s;
55°C, 1min; 72°C, 30s); 72°C 24 7min, Z546 L
eI AW TR A PR A = 52 Oy o IGF-15: [ /1)
Fr B R 9 AT 55 B H: FH STREE [R 4 B 5 R 4 by
SR, PCRY AL 7 [F] L, SR FH B 44 L koA
PCRY 34 724, R4 B B K /N 22 57 X 40 Fm i 1 2k (A
R, ZHE LG A T AR PR A =) 58 G R 2 4y
Hr. K H SNaPshot SNP4; A 77k o b He 47 A1
B R 1 SR Ay o (R R A, 40 BB AR TR
IR 52, SLIRIRAE A AR 4 SNPARIC ¥ o B
WP AN B 5 (R 1), SR JE XA FE
DNA# 4T Z EPCRY # . PCRY 1 5 HL3 uL
PCR=¥IH Exo 1 FFastAP4litk, FHEHExo 1 =
B SN 3 4% 514, F FastAP 2% [ e o7
RMIDNTP, 7£37°C 44F T 15min, 80°C & K i
Exo | MFastAPEG15min. K4 ABIA Al #2411
SNaPshotif 7] &, F 1A 51 P iE 4T LE A s )5, {5 FH
ABIA F] [JPRISM 373030 7 A3 AT 36 R 4 Y
1.5 REMERTRIES

T A BT RN AR K R BR I TE 40 B8 K 11 B i
SRS H R L R Y A A A O, SRS KR X R 24N SR AR
& DA A TR R H AR AR AR A 3
DRI Y, 3 6 ] SR 100 35 35 TR 2R e 22 10 2 5% S A 43 3l
AT EHE AR ERIRE R, RN TEN ™
FU T A2 3 72 5, SO 528 B 23 R T =
BEAL AR AL o EAL IS K IR 23 C A A, K 0 HE R
S N BT AN 12 m (K eI BT 1R 3R . T
UE MNP sh AN A R, R 2 K, HL
JE AR MR AT 25K F 0.5 em A A NI PR AR,
FERIEMEIR . RO BETA3H I, F2N K R
53 HERFCWTERIL, 2RI N 1L T =K A1 &K=
PP A BR 2> & 11113333 m” 352 G Vi 3 p g 47 32 .
9 H eI, M2 K R T 7 R AE305 2 A1266 &
LT R E. 2K hE. kKAERK
W, [\ R & R iE, F T3 HUDNAFN K A
5T
1.6 HIBRZIT SR

SRR R 1305 B FRAI K R2H266 21
A7 FRIC I EE T R AT R, AR5 ST &K &
FARANR A i & A B 3 R 2 ) B, AR R BT A
034 R B i B AN [RKE R 1 BB R 4T 7 4, A
ANFEFE AR B AEA KR LR ZER, A
Ii) 2L 18] A= A 1R 24048 B 35K FH SPS S 19844 Hh )
One-way ANOVAREAT /34T o

2 #£R

21 KOEGSFEAEFEB S

TR ATRE S A A S DR R, Al S A R T
ARG, B T X RIANK 22 TAEKRICES
RRDHT e 2R RWEEARM LRI E 2. KT
K %1, BIyS1. CL1689.Contig2 All-302. G-
2782T. C-821GHr RAAESRAH LR B R4l &+,
Frr= A ) AR A o 2 A 2R R Y, Unigene33789
All-658 MIC-18THz fFER R AU EEAAEAEA 5 25
R, 7E 5 22 i RN S ik L R 74N TR e 7
305 TR B EEE AR MTEHR2,
A AUnigene19479 All-121. S1. C-6811T. C-
821GhL i E SR AR R B Al &7, Fir= 47
R4 EB AR R FE R B, C-598GANC-18TAL s 7E 5K
AT RPN ATERF B, 75550 B F IR
T H AT TFRICAE266 T8 b i 4 45 5k b 7Y
S A tE L.
22 KOEHFRPRBEERNNES

XK R 1305 2 K 0 B e A f A 35 3 N
BHAT T G0k, AR R ERBIER B 5 &=
w2 N6, AR, AT A b it s
3.6%, 8N MEAANE AR AFEREAL, B bt N
2.6%. A-642CH7 mi AR 45 R E AR R
AR S, N55.4%, C-598GAL s % B IR
HE DRI RY ) 40 A A A B AR, 2H26.9% (35 3)-

XK Z 21266 F K 1B g A i A 38 2k

®2 BMEKFCEAOREATHERT
Tab. 2 Genotype of 13 growth related markers in largemouth bass
parents

TR AR KR AParents X R275 A Parents

Molecular  Dominant of family 1 of family 2
marker genotype  /fiMale WiFemale HMEMale HfiFemale
S1 AA AA BB BB BB
A-2282C AC CC AC AC AC
g;‘ig:ﬁeggg cc AA AC  CC  AC
I;;‘ig:ﬁell; Doaa AG  AG  AA  AA
C-6811T CcC GG CG CC CC
CL1689.Co
ntig2 All- AA GG GG  AG  AG
302
C-598G CC CT CT CT TT
G-2782T TT TT GG GT GT
C-18T CC TT CT CT TT
A-642C AC CC AC CC AC
C-1453T CT CT CT CT CT
C-821G CC GG GG GG CC
A-489C AC AC CC AC AC
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A K BT KA AR L R &

HORA 965

BT T 4it, TR KO B h 5 2 e 33t
KA, B & S a6, 78 FAR BT o5 (1 EL g
2.6%. TR RS A IALAEEE B, AT &
H2.6% . A-2282CH7 s HAL H5 L PR B AE AR EEAA
IR0 AT AR B e, NT6.6%, A-642CH I #4
PRI 1) 23 A A A, 93.0% (3R 3).
23 HKMREXMBERBESHH

W K R K I B 5 A (AL A L DR R = 1)
ASFELE (] (1 A K R AT LB BT (GR 4), S5 R

®3 TRFEHMBERRNIHIRE

Tab.3 The frequency of dominant genotypes of different markers

It I K T AT % Frequency of
dominant genotypes (%)

AR

Molecular marker

K &1 Family | % %2 Family 2

A-2282C 47.5 76.6
Unigene33789_All-658 — 553
Unigene19479 All-121 27.5 —

C-6811T 50.5 —

CL1689.Contig2 All-302 — 43.6
C-598G 26.9 —
G-2782T — 54.1
A-642C 55.4 3.0
C-1453T 52.5 49.6
A+489C 48.9 45.1

N, B B LA B DR Y ) AN A 2H ) A AR AR B /DN,
SPIAR T 0 185.03 g, T 7 6/ 35 2k R 2R ) A 44
M E KRR, PR & 261.27 g, LLIEH
B A AL R R A AR A BT S8 4R R R 4.2 %
61 5N 2ANRIOANIE 34 3 R Y 2H A F 2 [A] 7E A
JOR 7 T YA AFAE S 3 1 2 7 (P<0.05), HaA~FinzA
A FH B H M A & AR R EEES
(P<0.05). 2% ZR 20 i 5 D0 35 ik DR R i 1) AN R K
1 28 6y 2 [ 1 26 KPR 1R B3 20 W &6 SR L 5, &5
SRR, B 1AL IR B M 1) AR KPR 3
B/, FEIER RN 184.43 g, T &6/ ML IE A
TR I AR K RSP 3B K, PR &N
266.00 g, H E03 A 00 35 55 R Y B AN AR 28 (1) ST 3
KRR F44.2%. 671 54N 4RI 34 L K] 7Y
2H 35 53 3l 5 2 R LA B4 TR 2R A 1) S 3 A T i
Z R EP<0.05). FRIMZE RZ2AMEF LKA
BERMAERNMUREEHEL D EHRAEIREE
FHOC, J B b JE e X A8 KA DG AR 38 i R Y 47 5

AT LASRAS ELAT PR B A K PR R T S g
3 g
FER B A R A BOE AR R AL R B

AP B AR R A B F AR A, BEPR

®4 RREIFRVFETERBEERBENMFNE KR

Tab. 4 Growth traits of largemouth bass with different pyramiding number of dominant genotypes in family 1

e 5 PR R 4 (R AR D) AffiEBody fAKBody length SkK:Head length {A%Body depth FE#iK: Caudal peduncle

Number of dominant genotype weight (g) (cm) (cm) (cm) length (cm)
0(8) 185.03+38.60°  20.38+1.77% 6.25+0.43% 6.21+0.35% 3.91+0.47"
1(26) 196.46+61.68°  20.2941.95  6.400.69° 6.28+0.58" 3.80+0.52°
2(75) 198.73+55.12°  20.66+1.84° 6.420.68" 6.40+0.57" 3.86+0.46"
3 (74) 212.59456.77°°  21.1241.83"  6.64£0.61"  6.59+0.58b" 3.95:0.45"
4(76) 222.66+64.00"  21.46£2.03" 6.70+0.71° 6.630.66™ 3.98+0.54
5(35) 235.54+56.66"  21.90+2.16" 6.85+0.77" 6.79+0.77° 4.18+0.64'
6(11) 261.27+46.96°  22.63+1.77° 7.40+0.72" 7.16+0.86" 4.35+0.61°

7 R EEAXESD, [RIFH EARF-REAN R R R 22 7 . 35 (P<0.05); R IF]

Notes: Data in the table are X + SD, different superscripts within the same column denote significant differences (P<0.05); the same

applies below

%5
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Tab. 5 Growth traits of largemouth bass with different pyramiding number of dominant genotypes in family 2

e 38T DR B B (R AR 30) fRffiEBody {AKBody length sk{Head length /&= Body depth JEHi{Caudal peduncle
Number of dominant genotype weight (g) (cm) (cm) (cm) length (cm)
1(7) 184.43+80.51"  21.04+2.97° 6384075  6.41£1.06" 4.01+0.46"
2 (55) 213.17£71.94°  21.64+2.18° 6.86+2.3 6.430.90" 4.15+0.67°
3(71) 243.77+83.48"  22.60+2.39" 6.94+0.75 6.7440.99" 4.45+0.71"
4(78) 249.98+68.85°  22.69+2.09° 6.85+0.66 6.76£0.75" 4.30+£0.64™
5(48) 252.11+83.81° 22.73+2.23" 6.92+0.71 6.79+0.81" 4.30+0.69"
6(7) 266.00£85.24"  22.91+2.22" 6.85+0.69 6.95+0.77" 4.50+0.49"
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RIS TEMREERATRY ., 2REREE
HAEH S SEY) IS BRI RCR, i & e 41
g, e 35 5 TR B P B B o A PR o R gt
AT TR N, R K 0 S e 15 e e
15 (Siniperca chuatsi Basilewsky)/~ [A] ARk & B
P rb A 34 IR R 11 2 5 R B 7 AR 35 n 3
2 A et m T A S e
14 5 M < FISNPs /3 TR ic, & H4 MBI R R i
AR S48 I T B AN LU AR 4
H A A LR B AR R 29 14% o« A 4K
P 13 AE KA 5G40 T FR Ao 78 K 1 S A 535 A o g 3
PRIy it i, MR T2/ MR ERF R E R R, o
T FARR R AR B R A 5 A K MR AH S, 45
IR, M A K AE SR R AL A R R R SR A i
M, TR AE KRB S . XRoR T
I A K R AR SR 34 SE DR R 1 TR A T s B AR K
FA AR I B R, R 3 DR R 2R A R A K 1 Lt
B PPN AR P S R R A R FE AT

KRR A2 34 5 DR B 1 A4k 1197 4
JREN198.73 g, M T 5 1M 35 2 DR 2R AN 1
IR (196.46 g), KX R2H A S FH B Y
(AR (1 ~F S50 s e A e T B 4R AR R A
PRHE AR . X 50 S M R AE Db i 1 3R
£ e IR R B0 T4 W RIT 9 45 SRR A ), 2l T
18 2 R R A IR R IEA 2 25 0 34 35 R B 1 R0
{7 2 b 0™, T R A 7 42 9 4 oA () 3 B
PR T 2 AFAE AR BAE A %, i/ Al AL
RN A, BEEODCIsH R &5 38 5 A O 1) 32 4%
SNPA 5 2 (6] f7 7 4 — 52 s ™. sk
2 U300 2 i it YT A KR 6 A 3 5 R R f o AR,
K IND-Loop253 FK 014247 s AN 4 R0 R [a] (1) B A
B R E AT, AR IR EER R, FE
U 55 B LAY (Gallus gallus) s g i &
ApoBIERT123GHL & 5 UCPHE K C1197 AL 55 [H] 7
TE AL RRE, K G 26 7 AR I 3 5 T

F R IR TN ERKA R FArid AR 35 5 A
BT R~ 25 4 I B 450 v T RO I P 95 34 88 R L
&, Unigenel19479 All-12167 SR 5 HHAFER
RIAPR )~F 2 1 i it 2 S e K AL AR R R AR 1Y)
PR B N226.87 g, 95 3T R B ANMA )T 25 44
JFREH209.08 g, T A-2282CH7 s Fh AL 35 55 5 # dk
PR AR PP S50 4 ol B 22 e A /IN(11.2 @) o AR
AL RV RDG R 2 i VR FHAS TR, iz S 34 25 1A
B2 [ 0] BeAFAE AR TR, $RORTES 5 I 70 T4
LI B R, 75 & 4R 2 bric A0 AR R Y 1 [
i 252 8 5 AL DR R R 4L A, e % o IR 4

RIPL 2 PR RT3 T, R T e = 22 2 FISNPARIC L
HEERH. Z TR T RGN Ric B AR
REAE, Ja s 5 m] LU 21 R & 2
SRR A2 4 i BATTH Ak B3t — DRI, 1%
FLARRAL R & B R A T AT

FEATIT T FF B FH AR A2 A A 5% 2l e 22 AL A 4
B AR SR 2] 7 IR . W STBONTRA
A28 B IR A 58 Th REBE PR L 25 0 1 D RE 1%k 7 1A
10, 285 F T REPERR 1L T & 70 bR 10 il B #%,
TR S HE I A B, AT RAIE 1 26 5% F) #E Bfg 25 A
R A TR A B R AR
REMOE — DRI AR, PRI B AN Th RETE 7>
TARICHE 5 NI 45 &, M EEMIE. A SR
A A FU 48 R AR 7, 72 K 1 B A <<y 15 AN [R]
AL F R, LB IR -1 2 5 B Rk & A
gy RPN, KB AN TIEF ek
B EEE TSR ek R R
&, RN I 5 2 W] T T AR IS B A R 2
REVERRIC PR T 5 A s i A1 R, (RTINS, N DhREdE
T ARSI R FAUA SR (T 7T, FHAERE & Hoin A
JSEF, AT BLOKOR D & M AR &, S B A IReR.
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ANALYSIS OF THE PYRAMIDING EFFECT OF GROWTH-RELATED
MOLECULAR MARKERS IN LARGEMOUTH BASS
(MICROPTERUS SALMOIDES)

LI Sheng-Jie', JIANG Peng', BAI Jun-Jie"”, FAN Jia-Jia' and FEI Zhi-Ping’

(1. Key Laboratory of Tropical and Subtropical Fishery Resource Application and Cultivation, Ministry of Agriculture and Rural
Affairs, Pearl River Fisheries Research Institute, Chinese Academy of Fisheries Sciences, Guangzhou 510380, China;
2. Nanjing Shuaifeng Feed Co., Ltd, Nanjing 201306, China; 3. Huzhou Huwan Aquaculture Seed Industry
Co., Ltd, Huzhou 313000, China)

Abstract: Growth traits are controlled by multiple genes to cause minor phenotypic effect. To understand the pyra-
miding effect of advantage genotypes of growth-related molecular markers in largemouth bass (Micropterus
salmoides), thirteen molecular markers related to growth traits were selected obtained on previous studies, which were loca-
ted in PCK1, HSBP1, FOXO3b, MYH, HSC70-1, CTSB, HBP, POU1F1, PACAP, IGF-1, ghrelin, ApoproteinA and
MSTN. The genotype of each marker in forty largemouth bass parents was analyzed and 2 families were constructed
basing on pyramiding advantage genotypes. 305 and 266 individuals were sampled randomly from second filial genera-
tion of two families at nine month old, respectively. The results showed that the number of advantage genotypes was
various in all offspring of family 1 with the number of individuals of each group 8, 26, 75, 74, 76, 35 and 11, respecti-
vely. The average weight of advantage genotypes group was 185.03, 196.46, 198.73, 212.59, 222.66, 235.54 and
261.27 g, respectively. In the offspring of family 2, the number of advantage genotype ranged from one to six with the
average weight of 184.43, 213.17, 243.77, 249.98, 252.11 and 266.00 g, respectively. Correlation analysis showed that
the pyramiding number of advantage genotype was correlated with growth traits. Our results present evidence to im-
prove the growth trait of largemouth bass by utilizing the limited advantage genotypes. This study provided scientific
basis for the application of molecular marker assisted breeding in largemouth bass.
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