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Expression and Association between SNPs and Growth Traits of IGF-] Gene in Sheep

ZHOU Ming-liang' , ZHANG Xiang-yu®, QI Song-zhi*, WANG Qi*, WU Deng-jun** ,
YANG Ping-gui'
(1. Sichuan Academy of Grassland Science ,Chengdu 611743 ,China; 2. College of Animal
Science and Technology ,» Sichuan Agricultural University ,Ya’an 625014 ,China;
3. Sichuan Animal Science Academy ,Chengdu 610066 ,China)

Abstract: This experiment was conducted to study the expression patten of IGF-] gene regula-
ting growth and development of sheep and correlation of its SNPs with growth traits in sheep.
The IGF-1 gene expression change of IGF- ] in brain,musle,skin,liver and heart were detected at
six growth stages(15,60,105,150,195,240 days) by qRT-PCR approach and the correlation of
SNPs of IGF-] gene with growth traits were analyzed by SSCP method in Liangshan Semi-wool
sheep population. The results showed that the first inflection point of the expression of IGF- ]

gene in musle, skin, brain, liver and heart tissues was at 105 day and the second inflection point
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was at 195 day without the liver tissue. From 15 to 105 day, the expression of IGF-1 gene in mu-
sle, brain and liver tissues decreased at 60 day, and then increased at 105 day, however, it is not
significantly different at 15 and 60 day, and increased significantly at 105 day in skin and heart
tissues. After 105 day, the expression of IGF-] were degraded in all of the tissues at 150 day,
and the expression in liver tissue was decreased gradually from 105 to 240 day, but the expression
in skin and brain tissues were higher at 195 day than that at 150 and 240 day, and no difference at
among 150, 195 and 240 day in musle and heart tissues. The two SNPs which were detected with
587 Liangshan Semi-wool sheep were moderate polymorphism. The SNP of the P-1 primer affect-
ed significantly birth weight(P<C0.05) and the SNP of the P-2 primer affected significantly wea-
ning weight and the weaning daily gain(P<C0. 05). The results suggest that the expression of
IGF-1] in all tissues have the similar expression patterns,and strong correlation between SNPs of
IGF-1 and confirmed the early growth traits provide theoretical basis for the growth regulation

and can be applied to assisted selective breeding with the SNPs in Liangshan Semi-wool sheep.

E o 45

Key words: IGF-]; Liangshan Semi-wool sheep;growth trait;expression; SNP

IGFs £ 39 1 W Ji6 0 F0 26 5 09 28 KR & 1 4B
AT GH E R4 4L it A K iy A W 2= D fig
PE T S AL PR AT BE D A B A L
EDIRE R M 2R K G TR, IGFs 1y 43 i 32 3 #h &
PN I R I R A S 2 B B W LA 1 T R A A
YA FT 43 W 43 W 1 IGFs #E A I 16 26 2 45 Fn 40
M & G2 MK T IGFBPs 51 55 R 1Y 32 4801 2 1=
IGFEs 1924 52 109 LA B 4 20 1) Al 1o 4 T 02 3 2 28 40 Jif
(4 53 Ak 55 19 58

IGF- T B R i AF 980 — A 1y 2R 76 1R iR
WkAEREWERRFSBEPHMEAGREREEM, J.
Verhaeghe % (A58 2 0 L A g )L I b IGF-T
(v B 55 ) A B 5 TE A OG L R g 2L I A IGF-T
(e BE B AR 40 %6, T 1E 5 AR % 3 A i B2 L 1
IGF- T ik B 42 5 2826 T. Mushtaq %™ DU fiE 71N
B0 B0 B N WF 9T A IF 9T IGF- T % R G B 8% A K
KB W IGEF- T Bl sl 1 A5 b 28 K 78 Ak 34T 42
mEMAERK T GH JEa N . IGF-T #2 /4B K3 W
F18Y 200 JED 36 58 R 1) TE i BB A S A I s T AR K
MR 17 iy 2 DK A0S o AT 40 e 3% 58 6 A IGF-T /9 Bt
AALEEAR S T IZ LR IX 3 f5 1K B D AL Josrph
MR R LIGE- T X RIMIEH X B H A E
AR IGF- 1 FE PR ik 32 38 51 6 K i i 23 B A
Kat IGF- T BBk 51 R AE KB %E, F5E
IGF- 1 B A2+ KN & X SNP 7 5 1 B 52
WREIZA YR, A. K. Bennett 2 PLF 51 [ 6}
R AR 23S IGF- 1 3L () SNP 3 &5, %07 s 508
(5 JE S MR S B A9 AH G M. L. B. Johnston

DI S R W E IR LI AR 5 IGF- T £ 7 1
T IX SNP i N & T 2 EE T X MDA
FRIC LA R I W T IGE- T Wk FEAETE A K. 2
WFoE R 76 IGF- 1 3£ )5 2 X M 4h 7 1) SNP
DA N BT 2 (R A X i D bR ie S50 5 B
P A K R B B e,

B4 6 2 DAL 23 TR 4 2 CRLE ) oy 2
il L 0 400 2 R 5 | 3 [ A0 1 300 DX SR BT AR 2 AR
FEZANWMAERMME LA RS T 40 RAE
VEE SN E AR A R AT
FeW L FE I L A0 R 2E Chr3 | A7 76 55 0 0 4R K
PRI QTL i f100, 25 & 45 2 19 1 00 3 19 41 &
FEUT U IGE- T SRR A Y AR 0 07 B 5 0 R A 11
QTL {7 S AT, M IR B 4R 4L T 3 ml . A5
K qRT-PCR Hl SSCP 4% A #F 5% ¢ 1L 2 40 & 3¢
IGF- T 3£ % 35 & SNP {37 5., DL 0 il 2 4
By H SRR AR .

1 #R5FZE
1.1 RIe 8

R Yok B T 0948 T L A L Y 2
BRI I E T 15.60,105,150,195
240 d 4§ 6 AW ] g, B A B ) gL 3 KGR E
($),38 18 K, BEMLIEBAT A B ) s 09 3 K924,
TR G oo JUE B Bk JUL PR R Ok 2H 28 e i ' 9 R
RO ] S2 B %L BT — 80 CukAR TR AE S .

PR HHHE 4 - H A0 35 T — B SRR/ i 4H
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L5 mL B0 o R BE UK & I S0 00 = B T
—20 CUKFARAT 8 . JEREE T 2002-2005 4F &
AR 587 HUIE A 1Y HE AR 20 24, Uie 4R 41 2URE i X
[ 2002-2008 4 1 A A PR AR B A L PR AR 60 35 25 - 90
H: F (Birth weight, BW) 7 #J3 £ (Weaning weight,
WW) Wi H 1% B (Weaning daily gain, WDG) | &
. (18-month Weight, 18-MW) i i 4F & ( 30-
month weight,30-MW) %
1.2 5|¥igit

M NCBI f§ GenBank H* F 2% IGF-1 (NM _
001009774) F£ A B mRNA F5] L e N ZHEH Bac-

& 1 SSCP #1 qRT-PCR B3| 115 &

tin (NM_001009784) , TOP2B (XM _001254709) il
GAPDH(AF030943) 1y ¥ 31, Z W] IGF- 1 &
SNP i g B #H ¢ SCHR, T 248 3 IGF-1 B
X69472(H BT A1 F1 2),X69473 (AP T 3).
X69474 (AP T 4 F1 X51403 (4P T~ 5) %5 DNA J¥¢
1. A 51 R A Primer 5.0 #4781, Oligo
6.0 X fFF1 NCBI () Blast #2)7 7P S8 UE5 19 . )5
L5 A S B TS R A B 3 A I )
SNP i i s H A SNP {7 s B9 51 9 F 9t i 51 W
M5B R 1, P-1 bl 5 X 51 9 45 . P-2 S 5h
B 315145 . 51 B Invitrogen 23 & A .

Table 1 Primer information for SSCP and qRT-PCR
319 S5 (53" Ji BN/ bp Bk E/C
Primer Primer sequence Length Tm
F. CAGGTTCTAGGAAATGAGATC
P-1 316 59.3
R: TTAGTGACAAGAGGAGCAGAC
F. CAAGGACCCAGGAGGAAGAT
pP-2 220 60. 0
R: GCGAGAGGGAGGCTACTTACT
) F. CACATCCTCCTCGCATCTCTTC
IGF- | 143 58.7

R: TGAAATAAAAGCCCCTGTCTCC

F. CCGTCTTCCCTTCCATCGT
Bactin i i 147 60
R: TGGTGACAATGCCGTGCT
F. TTGTGATGGGCGTGAACC
TOP2B 127 60
R:. CCCTCCACGATGCCAAA
) F. TTGGATGAAACGGGAGTGG
GAPDH ) 138 60
R:. CCGTCCACCTTTTGTTGTTG

1.3 RNA 1 DNA 1£EX

JHIE <O JIEE UL P B2 JER 0 R A 45 2H 2 B RNA
PR B TaKaRa RNAiso reagent & 57| & i #: /E
VT 4T AT Bio-Rad 2 B2 8 16 I A4S0 5 vk B2
28100 1 Bl i Wl O RC F Uk M oE L g R M S 1
SYBR * PrimeScript™ RT-PCR Kit (TaKaRa) #f
T cDNA WG . HAEA 2R DNA 2 BCR H H H
M-85
1.4 PCR ¥ 3% SSCP #& il

PCR ¥ 8 AR Ny 25 pl:2 X Master Mix Taq [if
12.5 pL,DNA B4R 2 pL, B F#ES147(10 pmol « L)
% 1 pL, KM ddH.O 8.5 L., PCR #JF .95 CHi
AZPE 5 min, SR 5 35 NMEH (94 CASPE 30 s, 1B ki
J¥3H K 30 5,72 CHEMf 30 )72 CHEAf 8 min, JHIR
255 4 CLRPF. W2 pL PCR 9T EP Erp . o
6 pL M Buffer J€47,100 CA2 4 10 min, 57 B 7K

5 min, BUBPEREGL 3~5 pL T 12004 2R
T BE R UK IR T 1~8 Ve em P HLIK 12 h,
WY B, WA A BB AL PCR ™ ¥ 4 50
pL, 3% Invitrogen 23w ¥ .
1.5 qRT-PCR 5#r#E %k

B IGE-1 ) 3 AW S HEH (Bactin, Top2B F
GAPDH) 47 PCR ¥ 38, Je WAk &Ny 25 pl,2 X
Master Mix Taq fif§ 12. 5 pL,DNA ##x 2 L, BF
W54 (10 pmol « L™ 46 1 pL, KH ddH.O 8.5
pLo PCR#JF:95 CHIAEE 5 min, K5 35 DG EH
(94 CA: M 30 s, 1B KRB &k 30 5,72 CHEf 30
$),72 CHEMH 8 min, JEHREE G 4 CIRAF. 1% In-
vitrogen 23 wJ 7, B3k 5 9 e A 14 J5 |1l PCR 7
Y, A il 25 b o il 46 9 AR ME DNAL ] EASY
Dilution #% i 3 L = 27 pL 19 ¥ JBE 7 R MUK M R
J1IX10°~1 X 10 "4k 11 ANy fF, %4 1 X107~
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gRT-PCR 7£ Bio-Rad A Al 1 1Q 5. 0 iz 47,
MR ZR A 25 pl:2 X Premix Ex Taq™ 12.5 pL,
E #5410 pmol « L™ 45 1 L. cDNA BT 2
ploddH, O 8.5 pl. WP 95 CHIAZM 10 s,
SRIG 45 DEFR (95 CAME 5 5,58.7 CiB K 20 5,72
CHEM 15 s, FFFAER — MG 72 CUREZRAES)
TEAREE G T 55 CH IR IE g M 2 . R0 1 R B
o5 C,EHESEM 80 MEX, A B i 4 PO AE
B R REEE B cDNA B8 3 A EE NS F Y
34 CtEBCEME , L& A i 7.
1.6 HEHH

PLIQS. O B 31450 5 I8 #5 D1 550, o A~ 56 T 1Y
B RKHE DGR 1 RoRHEX £ ik . R GeNorm
BAF N 2 3 W R 4L ] F (Normalization
factor, NF)I3) |

NF = /REF,..., REF i REF 00

REF fRE NS H B A X ik &, DL H LR
FEOAT 3K 5 5 6 R NF A FAELAE S H Y 25 PR A o
LG AR ik 5. SR SAS 9. 1. 3 BB 0 F
PR IEAT M. Y, = pta, + B +ey »HH.Y, Fm
FAFER mRNA X R a5 0 Fom SRF 3 {E
a; P HAR K= A RN 5 B 36 1 L8 A
RN s e oA BELBIL 1% 25 350

IGF-1 3[Ry SNPs 5 45 2 A KRR 19 41 56 2
Bk A0 R BRI T 00r Yy =+ F, +G,+ N, +
Siegu BT Y g PR PR 0 R RUE ; 0 B
O IE G N LR RN s N N AEFERN 3 S, A
PN 3 Fo o KRB 3 €0 R BEAIL 1R 22 8500

2 & B
2.1 IGF-]1 ERARZEHNAEHEEZHL
TELR2E B WLPY L IE L0 JUE | Bz 1k 0 K i 21 42

P E] IGF- 1 2K mRNA [ 335, & 1 H 8
REMWRILEAWE 1 Frn. OUEHL R, IGF-T
FEAE 105 d B i) 3R 35 f ey W 3 1 A 45 A
I [ 5 Y 22 35 (P<<0. 01) , T HoAth 4 > ) [7] 5 22 [
KIXREHEFALE(P>0.05); FRkHL H, 105 d
B 1 32 35 8 B FF 55 (0. 05>P>>0. 01), ik 8| & 4
IR TR A5 WAL B IS 35 IR (HAE 195 d I 2R
2Tt E B EE T 150 F1 240 d BF A 355 LA

MY, 15~60 d, IGF-T JE N 1 % 1k B % K
(0.05>>P>>0.01),105 d B} ¥ 3¢ 3k B 35 B I (E (P<<
0.05), i J5 Fe ik 8 FRE.150,195 1 240 d W ik
2R BEEP>0.05) 76 105 F1 195 d B} H 93k
Th s WG 3T 5 RFIE L 2 IGF-TR #Rak i 7E 105 d
IRk B A R 3 T O R B R AR B R (P <<
0.01),ZJ5 B W F [, 195 Al 240 d 4% 3 FEAK
(P<<0.01) s RIGA L ,15~60 d, IGF- | JEH 3
Pk AR 0. 05>P>0. 01), 4t 5] 150 d, 7E
195 d W i BUAE K IR . B 3% = 150 A1 240 d B
#3%(0.05>P>0.01),
2.2 IGF-1 EEMESESH

fE IGF- 1 B:H A F B AT = X RIS 2+ 3 X
A R BE 1A SNP A g 4 HA AN [R) R R AL A4 11
PCR 724 3% Invitrogen 2 &) 7, 45 S an & 2 Fi &
3. 514 P-1 ¥ 58 ¥ 50 ) SNP A 547 T 12 5 51 19
900 bp AL, C/G 2748, LRGN 3] 3 Ffp P AY
G/G X F AA FER AL, C/G X} R F AB K&K AL,
C/C X p;F BB & 7 59 P-2 ¥ 14 )% 51 () SNP
P TFIZFH 211 bp &AL, A/G 58748, 3t
K 2] 2 AL AL G/G X F CC 3EH M, A/G
LRI R F CD R

FIFH Popgene32 B F4E11 2 4~ SNPs {37 st i) 547
BERMR 2B HE ARG S AR % 2.
TEBA B P-1 F1 P-2 51910 2 845 8 & 509
0,276 Fi1 0. 237, 4 Botstein & X Aric ZA51E &
T AARMES  P-1 R E P2 HIUELE.
2.3 IGF-1 ERS5EKEROXEST

TEASERY ep 2 B R ZR VAR RE RN P 000 A R
BRI 7 25 A R 3% 3. TERABHAT . KR
X ) AL AR W G A T L BT 4 G R AR R SR
R F RN 1 AE B FE A 2800 A A
55 5 41 BE RN ZE W) A AR B W 5 4 R RN DT 4% H 3 A
PR B RN B 2 T BB B AR D A 9 26 B
EAEA ) AT B PR A ) RORE A5 2% 14 A FR A T 5
M B 2 1) 4 B M) A= S 3 I AR K R R 5 T AH B 1) 1
S80I D AN B A

XFP-1 F1 P-2 47 3 7=y 1) L R B 43 A L P-1 X )
A TR T R AR S KRR IR R E R
IGF- 1 BA— & W /E . 0 25 IR i 10 2B G 7R i AL
RO WIS h H OB L F RO E B AT R
WA 13 W00 s P-2 37 S T 3 8 S W 4% H 3 2
AP DR LA B S 3 ) R DR 0N T % B R B L BT
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The same superscript letter indicates no significant difference among six growth stages in same tissue(P>>0. 05) , the

different small letters indicate significant difference at 5% level, the different capital letters indicate significant differ-

ence at 1% level

B 1 IGF-] EREXE K NAFEMOCHEAATHEZEEENL

Fig. 1

AA BB

CC CcC CD CD CC
P2
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AB AA AA

P-1

B2 P-170P-2354 PCR ¥ =4k SSCP H ik
Fig. 2 SSCP analysis of the PCR product of primer P-1

and P-2

Relative expression quantity of IGF- | gene at different age in five tissues

4 "

GCTGGGATGAC

GGTGGGATGAC
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CTCCTCGCATCT

4

CTCCTCACATCT

E3 P1MP2AREEREMNFER

Fig. 3 Sequencing result of the different genotypes
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Table 2 Genetic diversity of IGF-] gene
EiE7 FEAEL WMER G WG B ZHMER &R A o7 IR A 3
Primer Number Hobs Hexp PIC Allele frequency
A B
P-1 587 0. 332 0. 331 0.276
0.790 0.210
C D
P-2 587 0.328 0.275 0.237
0. 840 0. 160

Wz T F . (A ERER T A7 78 BB 2 N AL A4
k. P-2 (isifl COMfE AR N CC £ B Y 4%
AR 2 T CD. CC X W 5 F S B i H 4 8 2%
T CD AL 7B R R WL DD 2 L /] fE

288 20 A U T L T A R O e
WRIEAT 22 5 Ho B S0 % T 55 % W) 1 R A
AR R E 45K 4. P-1 LA A B R
37 51 P P 48 6 057 5 R o o 25 97 6 RD £ 91 2% o

BT TR PR BT R B4 R PTIALLTC20 O I U 2 Ok B 1
BT K AL 5 5 R o T BRIE A AE AB BN e A A TR
x3 TESIMMEGEERRREEN FRE
Table 3  F-test of deviation between primer pairs and weight traits
BiE7/Res RN WIETE Wi 7 F Wil H 3 A E AR
Primer Effect Birth weight = Weaning weight Weaning daily gain 18-month weight 30-moth weight
Family 13. 88 * * 8.8 % % 8.97 % = 2.09 % 3.22 % %
Year 95.77 % % 21.1% % 24.59 % % 2.01 1.28
i Sex 1. 04 3.62 3.79 0. 88 1.85
G-1 9.21 % % 2.79 2.05 0.52 0. 06
Family 14,17 % * 9.94 % = 10. 11 % = 2.01 3.21 % %
Year 97.77 % * 23.99 % % 27.7 % = 2.15 1.31
i Sex 1. 06 4,22 % 4. 45 % 0. 85 1.83
G-2 1.36 68.62 % * 69.95 % * 1.05 0.68
* . RORBEYNL; * x . IR E RN
%, Indicates significant effect at 5% level; * % . Indicate significant effect at 1% level
x4 IGF-1 ERE A EE E 2 X E K 89 %2 0
Table 4 Effect of different genotypes of IGF- | gene on weight traits kg
195 A K W W 75 E Wiy H 1 R E AR
Primer Genotype  Birth weight =~ Weaning weight Weaning daily gain 18-month weight 30-month weight
AA 3.48+2, 33" 20.25+2.37 0.209 8£0.014 6 47.04+£3.66 58.38+£4.79
P-1 AB 3.40+1. 24 19.4842. 46 0.200 6+0.015 7 47.26+2.82 58.33+3.99
BB 3.20+1.31° 18.85+2.15 0.195 6+0.014 1 49.29+2.03 59.30+2. 45
cC 3.484+2.23 21.17+2. 35" 0.221 4+0.014 2* 47.47+3. 64 58.67£5.77
v CD 3.42£1.34 17.2742.45" 0.173 1£0.015 5 46.57+3.84 57.80+4.01

AH R Bk 22 7R RV B[] — 51 1 56 PR B 7y 3R U 25 5 A B35 (P=>0. 05) o K [ 2 B 6 R 25 57 B 35 (P<C0. 05)
The different small letter means that the phenotypic values with P-1 or P-2 primer are significant difference at 5% level in same

column, the same small letter mean no significant difference(P>0. 05)
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IGF- 1 B EMAERKRET AR AERK
HAEEZEWEM, HESFHHLRETNEET. &
RIGHFFE 5 AU Bk 8] IGF-TH [ mRNA
(R 2R3K AR E 1 6 AN (] 5 238 B — & 1 [7)
. X E DS AE ST 3 B R M A 5% B S R
MEFLMIFNEA L IGF- T EH M FEBEMN 2~60 d
AL E L A BE vE EAE 60 d 5 sk T 4R N B iR
PRANE FAE 90 d J5 A TFIG T R s DO S B o8 %
B 20 2F IR 4L IGF- 1 JE R AE 90 d i i 32k
Ja IR R HT A,90 d G IR R IR B WG 5
PE R 50 BT B 0 p Ll P A B S B IGF- 1 5
PIAE 105 d B H 30 328 3K 09 %6 A A5 FF 76 — 58 19 A A
P H 5 Al B 0 B 5T 45 SR A AR — B R 22 R0
IGF-T 3 A 5 80 iy 23k 5 it il 40 € 2
(9 A L B A5 I A G T BE SR S I R
o LA 5 R E IR 0, 45 06 T8 R i S R
AR A FNER EFEBRWHFED N ERER
e 7 Sy R DR S BOUE SR 45 Oy S B AR L A
LR 60 d B IGF- T 3 PR 363k 19 B AIG . 24 3%
EMNCREE . IGF- 1T S H R BRI . BE B
0 A A B R S B AR P S A AR G
AIRES R 190 d {iJG IGF- | SRR BT .

5k PCR-SSCP 5 R7E IGF- 1 K H 4 8
THIRET S X AAM .+ 3 19 2 A XS i 2] 14>
SNP i 5, S 5L H A Fil C S BEA B AA F1 CC 7E
BT S B R B IL R B A 2N
T AR R LA e i el 5 AR SR A A /D i
() 9 S L RN JE [ 7, 4% B8 D. Botstein %¢1'
P L o e PR S R R R IR 2 S E B R AR
(PIC) AR HE 130560 I 21 () SNP A7 5 8 AR
2. BIRNHERB S 2 BMMEZR PIC &,
SN BB H 2, 26 BE R W AR A 2 67 A5 11 38t
AR S A R B IR R L ABR T 8 FE 2l 1 %
O BEAAR T BT R N BT RE Y 3 T A B Y 2
JE K PIC # A, St b4l B E MK S BA
5 o P 7R MR 4l FE R ) SNP A7 55 47 b 0 4l Bl o 428 0
RS AT 2PV TR 4 A A A e R R R R

IGF- 1 S:H M4 5 711 5 X SNP i 51 5 45
1 A= 5 1 (R A7 A A DG M L R 1% SNP A S R 45
IGF- 1 D7 0 16 0 1 22 5k, i 8 2k iR L iy A=
JE A 52 SO R A R A K R B R A R T I

AT RN BT 5 H O R QTL 4350400 26 5 A0 T 1t
2B 3 S iRy 99,219 A1 273 M, AR %
25 F 1Y R 0L D 4H B 3% L IGF- 1 57 T 43 2% Chr3 1
183.2 <M, 4545 IGF- 1R H M C A MR 45 R, IGF- |
FEDRAR AT BB 3 5 e (o A i A D 3 1) QT A 326 ik
K. 78 IGF- 14+ 3 1 A—G R R 5ERA
FER )RS {H 3% SNP 7 13 5 240 2 A 5 1 B g 4
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