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NAE A IGFBP2 (R /K- 55 L FPERE TR B 25 S50k
PEZDIAHOG, BT, PEAEIRIR | O IGFBP2 /E 4
P ERE AR R S 2 171,

S FLa AL, £ 2K IGFBP2 44 7% RGD
(Arg-Gly-Asp, RGD)Z5H4F1 ATTTA S5kglk. ¥
IGFBP2 KERAL T 7 ‘S tafk, 4 MG 3
ANAE TR, H3UTR F4K4 1.1 kb, LA
4R 2E IGFBP2 FEIAIF) 3'UTR K. XY IGFBP2
RITE W A KR B I R P R R IA R, AR SEEG
FEHOHIIT, FEX 7 SRR FE i T 1A B
SN I I A IR 26 QTL, b IGFBP2JZ 1%
DX M —Th g SN SERRD. Al BT SRR 2
BT, XS IGFBP2 JEMf 3'UTR X A7 4E—
A~ SNP 47 55.(1196C>A), 1% SNP 54 g if & Al i
MR 2 E ARG, AEE BT 2R, X IGFBP2
FE[H 3'UTR SNP (1196C>A) 42 gga-miR-456-3p [1]
— AN AR 2 A AL A, HEWNZ SNP W] fig st —
ANDhfetE SNP. Alt, AWFFIIFRE T SNP 1196C>A
(1) D Re itk %5 Koyt . WSS RE W, IGFBP2 J
J& gga-miR-456-3p [ 4 5L [K, JL 3" UTR SNP
1196C>A $41i gga-miR-456-3p %} G FBP2 FEN %Kik
IONEES

1 MR57E

1.1 #M#
L1 ik, PR, 4 kk &L 41 DNA
AT E F 1 78 % 2K pEasy-T1 simple vector

FERE Topl0 #9008 H 4230 2wl (b s): FOb 3
R FE R 24 psiCHECK ™2 vector I [ Promega
A (FEE); X BCET 4E 4N i R (DFD) I B g AE
AT RFERIETUE AT oty s XS E PR 2H g AR 5
A 10 AR IR R AR XA £ &R A
A5 LRI 41 DNA.
112 EE

B 411 A D) AT T4 DNA JE 2804 5 NEB 24
AJ (& [); DNA gifb[nloatin &, Foki il 4k
FIE H Axygen 2 H (BtM); PureLink™ RNA Micro
Kit. Opti-MEM" . Trizol Reagent. Lipofectamine 2000
B ) H Invitrogen 2 W (3£ ) Jif F ML .
DMEMF12 i H Gibco 24 ] ( 5% [H ); FastStart
Universal SYBR Green Master (Rox)¥ | Roche A #]
(5 [% ); PrimeScript™ RT reagent Kit with gDNA
Eraser ) H Takara /A @] (KX i%); Dual-Luciferase®
ImProm- [ ™ Reverse
Transcription System >4 Promega 2 7] /= il (3 H );
Pt N IGFBP2 £ ¢ 5 HT 44 (sc-13096) 14 H Santa
Cruz 2~ | (£ H); MU p-Actin 5 w0 % fi 4k
(AA128). ECL (. B A ALY (HRP) bR
W EEHTRBTIA(A0208) A BRAR L AL W)l (HRP) AR
I IPEP R PUIAA0216) I B 3 = KAEMF AR A
(L)
113 St Ak

IGFBP2 J: 18 3" UTR X I 5w B 514 . 5
NCBI 4 2 H1 3% 1GFBP2 3 K 7 41| (NM_205359),
Wik £ & SNP(1196C>A) 1) 3" UTR X 78 [ 51 ¥)
IGFBP2-F1/ IGFBP2-R1(#% 1), F. FiFs1#45
54T Not TR Xho T BEVIAL &G, 534bh, Bt IGFBP2
FEDI R IA (IR 514 IGFBP2-F2/IGFBP2-R2(5 1);

Reporter Assay System.

Table 1 Primer sequences, annealing temperatures and product size

Primer name Primer sequences (5'—3")

Product size Annealing temperature

IGFBP2-F1 CCTCGAGGAGGGACTGCTTTCCAATAG 110 49.1
IGFBP2-R1 TTGCGGCCGCAAGCAGGAAGATGCCACAAA
IGFBP2-F2 GAGCAGCACCGGCAGATG 151 63.5
IGFBP2-R2 TACAGGCCATGCTTGTCACA
hRluc-F TGATCGAGTCCTGGGACGA 265 62
hRluc-R ACAATCTGGACGACGTCGGG
hFluc-F CCAACCCTGTTCAGCTTCTTC 254 63
hFluc-R ACCTTGGCCTCGAAGAATGG
NONO-F AGAAGCAGCAGCAAGAAC 151 65
NONO-R TCCTCCATCCTCCTCAGT
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Z W NCBI % #8 & 7 X NONO i K] 7 %)
(NM_001031532), it NS NONO ik ki il
5| % NONO-F/NONO-R; % M psiCHECK™-2
vector JEA, 3 e ViR B ¢ 6 2 ML A (hR [uc )
AN 5 19 S AR K HR G 3R M I DR (R FTue ) R TA K
M54 : hRluc-F/hRluc-R (% 1) Al hFluc-F/hFluc-R
& . Fras¥EA) A Primer Premier 5.0 4K {4 13F
Tt SIE Bl EilgE TR IR AR H R R A F
SEK.

1.1.4 miRNA BHUY AN ot 5 6k

2 miRBase ###)# (miRBase database, http://
www.mirbase.org) ' gga-miR-456-3p(MIMAT0003777)
175, Wb IF Al gga-miR-456-3p 4111 1] 7
(miR-456-3p inhibitor). $4/)(miR-456-3p mimics)
KGR B NC. B, $0i57 & NC 16
JCEE E R AR R R AT B A F] 5 K
1.2 A%

121 PG RR i FE D B AR 1 1)

MEB 10 FRAAEARNV R AR R kR R A
173G IEAN [F) S FE R i A Ak, DASLSERI 4
DNA Nk, FFH 2xPfumastermix DNA 2 4 /i ,
AR 16 FBP2 FEIAF) 3'UTR X (145 1196C>A fif
). PCRYIENARR: ENiFS |4 IGFBP2-F1/
IGFBP2-R1 4% 1 wl(10 pmol/L), 10xPCR 2 i i
5 wl, dNTPs 5 pl (2.5 mmol/L), 2 xPfumastermix
DNA %41 0.5 ul, DNA A 5 wl (50 mg/L), JC
K 32.5 wl. st NSt R: 94°C TALYE 5 min,
94°C 30's, 49.1TC 30s, 72C 40's, 33 MEH,
72°C SEAH 5 min, 4°C fRA7. PCR 414 3K A3 P i iy
H Not 1 1 Xho 1 1) IGFBP2-A F1 IGFBP2-C [ BX(A
A1 C 2 AR IGFBP2 21K 3'UTR X 1196C>A (1)
AN 5] &5 A7 D), 43 il 5 B 21 pEasy-T1 simple
vector R, RFIKZ PCR X E M TR Not T F1 Xho [
MYV To )G, & FERRAEY) A w.
YR TR W v 44k T-IGFBP2-A Fl T-IGFBP2-C.
R Not T F1 Xho 1 73l XUl VI T-IGFBP2-A 1
T-IGFBP2-C, I IR W Bt v vk 2lifk . 43 5l 3R 15
110 bp K/NF IGFBP2-A F1 IGFBP2-C 3'UTR [X
Bt [RFERA Not T F1 Xho T AU psiCHECK™-2
vector, 44k J5 7yl 5 IGFBP2 -A 1 IGFBP2 -C
3'UTR X v Bui e, RAG AR S AL LD 1) 3" UTR
DX BRI 80 g Tlg DRI P 56 5 TG R AR
ARG A 44 4 psi-IGFBP2-A F psi-IGFBP2-C.

1.2.2 MY ARRET 4E 40 i R (DF 1) 11 7

DF1 40 3% 7% T4 T 10% i 4= 1 i f 4k
29 100 U/ml F 8 2. 100 mg/L 5575 % () DMEM/
F12 859856, B TRE N 37C . CO, IRIE N 5%H
FEOTEE A 90% ¥4l ks FRAf R 5%
1.2.3 X975 7 40 Mo (stromal-vascular cells, SV)[f]
S HETR

HHC 12 His AA AT, T BRI SR
MU (B3~5g), PBSEWE 2 )5, BIME, F2g/L
I B I 37°C W4k 65 min, £FF% 5 min b K i
RIVR A — IR ARG R T A S 1) 2 2R A o i
100 wm F1 600 pwm HI3E R, BR 25 R AL A
P, MRS A ZUHAR, 2000 g &40 10 min.
7 LR, TR AN Z S 4 41 M 24
AEFLJE . 2 000 g B0y 10 min, 3K 75 XS §i g 105 40
JL. XS T AR DT 40 M 3 IR 4% A5 DF1 48 i AH A
1.2.4 DFI 4}l IGFBP2 JEPK SNP(1196C>A) ¥kl

UA DF1 41 fiis cDNA A, FIFH 16FBP2 K14
72 % 514 (IGFBP2-F1/ IGFBP2-R 1)#£47 PCR 3 4 illl
¥, RN U4 (] K DFT 480 16 FBP2 JE DR SNP
(1196C>A) 1) L.
1.2.5 S IEIETE S B

% DF1 40 ffudefh & 12 FLA2.5%10° 4> / L),
R A T TR 80% ~90% I, K psi-IGFBP2-A F
psi-IGFBP2-C PR R A [i) 8 07 J5 DRl 48 4 Jookar 43 i) e
DF1 40 fi0, #4574 Lipofectamine 2000, J5i ki
FiEA 1 pg L, RS A MR 7R T Opti-MEM®
medium 1, 4~6 h J5 A 10% 15 24 L3 1
DMEM/F12 #5353, #69% 24 h J5, WA L 24
W, RO G ZR A IR ) S i W 4, SRA
A 25 FRAE ARG WS 23 0 I 5 45 AL 11 g R 2 K L (A
Z)9ICEMEEPE 0BT LGS [R) S5 457 JE R (1) 4R 5
FEDRRAARTEVE . A S50 E S i g D5 40 B (S V) Hh sk
ITEE. 534, TATRHA 12 FL40 M 5% I8 ks 77
DF1 4000, HFFL3ERD 2.5x10° D40, JC & ik
30%~40%I, ¥ psi- IGFBP2-A F psi-IGFBP2-C
4% 5 5 gga-miR-456-3p inhibitor. gga-miR-456-3p
mimics &G TH0 R BE NC ILALgeaifig, A X0 ¢
b FE R E I, 0 M gga-miR-456-3p Xf
psi-IGFBP2 -A F psi-IGFBP2-C R 45 3 K vl M 1) 52
Wi, R SEEG A 3 YoM AL
1.2.6 RNA $240% qRT-PCR Filll

o PR AN [) 2 DR R 4 5 BE DR A psi-IG FBP2-A
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HIpsi-IGFBP2-C, 53l g R & 6 LG
JE 3k # 80% ~90% ) DF1 40 g, % Yk 7 4
Lipofectamine 2000, Jii#i )it 2.5 wg/ fL. 24 h
S EE AN . R Trizol 3 4% B 40 Jid fF) 5 RNA,
¥ RNA FE 48— % 200 pg/L. % % PureLink™
RNA Micro Kit. ImProm- [ ™ Reverse Transcription
System Rl &5 Uk B 15347 RNA gifb Rl 5%, R
J qRT-PCR e U ¥ B 2% 't 35 A1 2 K R %< Ot 3R Hilg
mRNA {3k, w5 KRPOE R BEEBAE A 20k
DAL, ARSI A i g 1D 4 M (SV) R A T EE L. R
F 6 FL40 s IR % % DFL 40010, #5408 i & 7
15 30%~40%, $4 gga-miR-456-3p inhibitor. gga-
miR-456-3p mimics A G O& T4 v Bt NC 75 5l 5 4
M, 24 h SO, SRR RNA, 2ifk
W, KM QRT-PCR Kl U5 1% 16FBP2 %5
KIF NONO SE Rk, Hodr, BL NONO 1R 1)
FIENNS. LU ESEIOIIAT 3 OB E 5 S
1.2.7  HEEBENIE A

¥ DF1 20 Mo 22 6 fLAR T, frdl il &
% 30% ~40% I}, F) ] Lipofectamine 2000,
gga-miR-456-3p inhibitor. gga-miR-456-3p mimics
FICFKAH B NC 4334 DF1 41 fiid, 48h 54
fRANM, 43 513K43 miR-456-3p inhibitor. miR-456-3p
mimics & NC %% 3¢ 40 i 1) 22 fif . H BIO-RAD
/% H ) Mini-PROTEAN3 Hi 3k & 4, #F AT
SDS-PAGE. HL¥KZi 5, RH| BIO-RAD 2 ] (1]
Mini Trans-Blot R%¢, K 4 )5A 5t H PAGE IR |
HB 2N 022 pum 1) NC . & 5% 5
FLIY PBST(F 0.05% M- 111 PBS), Ff NC i % il &f

2 h. SRJGVEINE LW, R E S
B-Actin PLAAFEREWKSE 1 100) 2 h; IGFBP2 4t
ERBEIE A 12 300)1f) PBST ¥, 4C A,
F PBST P 3 W, AR Smin, R)5, S
5 2 BN L 480 A 2 5 (HRP) A 3C B AR (R B Tk i
1:5000)() PBST ¥ h, B T/AKPREIK E, =i
¥ 1 h. I PBST ¥k 3 X, HHK Smin, )5k
17 ¥ ECL B A(h,.
1.2.8 Hdl ot

iz Tl SAS 9.2 ¥ f4(SAS Institute Inc) 7 #5246
B, FHSERRR Ny 25, P<005HERE
#, P<0.01 NZEFREE.

2 FHRE5SH

2.1 IGFBP2 A3 UTR XAYIREEREHIARIE

HIAIE 1GFBP2 FE[R 3'UTR [X ] SNP(1196C>A)
e ATt SNP, LLEE 10 AR A bR ML K 5
%8 X 1] 14 2 AT 1196C>A A [F) 25 fr BE BT 1)
afi AR IR 21 DNA JBR, PCR 944 IGFBP2
FE ) 3'UTR X (1160~ 1269, £17 1196C>A fif
M), K3 110 bp M H B, R T 2k v e i
W, Uk B 2R D 3K 43 I6FBP2 KE K 3" UTR
1196C>A {7 £ C AT A PHAN ST HE DA 1) 7 e 1 B
(K 1a). XD BH M B4l ok, gtk Rl IGFBP2
FEDA 3'UTR X vl v B, 4l AN B 2 4 8 2 ik
psiCHECK™-2 vector, 3R7F A &5 {7 KL PRI 5 ik A 2%
14 (psi-IGFBP2 -A) 1 C 55 fr K& DA 4w 2 Jk D] 48 14
(psi-IGFBP2-C)(&l 1b). XU 1) %5 s S 56 0F G
wa, T EEs.

CC Type

AA Type Pk N

G ACT G G TTCTCTG|IGIC T G AaCATT G G G

/\/\ AVAVAVAN

G AC TG G TTCTCTGITIC TG ACATTG G G

(b) hRluc 1196 C>A

hFluc

e R —— R ~iC!ECK 2

3'UTR of IGFBP2 gene

Fig. 1 Sequencing and schematic diagram of the 3'UTR reporter constructs of chicken /IGFBP2
(a) Sequencing electropherograms of the two individual alleles of 1196 C>A of chicken /GFBP2 3'UTR region. (b) The schematic diagram of 3’UTR

reporter constructs of chicken /G FBP2 (containing 1196 C>A). hRluc, Renilla luciferase; hFluc, Firefly luciferase.
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2.2 IGFBP2 ERAREEMERNK R IRE
ERE RN

HARAIESE B0 45 RHER T 58, AT AES 1 i
JU5 40 B F1 DF1 40 i b e 3% T 16FBP2 JE 1A 3'UTR
X SNP(1196C>A) I A [F) 55 A7 HE A (A T C) %)
A FEDNE PR M. X ZR AR 2 BE PR A I 25
BEOR, fEXSHINR M40 fu A DF1 4, A R C
SN LR AR 2 SR R AT A R E R (P <
0.05), HBRINA A 7 3 DA (1) 4R 25 56 DRI 1 I =%
T C SRR, A ST BE DR IR R I R T A
TG 107 40 i &2 DF1 41 i v 4 5l € 2547 2k R 11
1.23 Fl1 1.46 £i5(K& 2a), Ui SNP 1196C>A 51k

Luciferase activity(relative level)

DF1

H EPRIE M (BE A R IA). b T HE— 2D SNP
1196C>A 2 117 5% M 2 15 K& 8 i s 0 i 4%, kAT
DLaE K 9t 3 B IE A N 3L ™, R H
qRT-PCR Jji%, 43-H7 T IGFBP2 JER 1) A F1 C
AN SEAE L DR PRI T 208 1 28 AR 7 BE DAL 7 mRINA /K
PR 2R A5 RO, AR T D 48 L F0 DF1
B, A ZAIEP ) mRNA KPR E T C
S AT K (P < 0.05) (] 2b), Ui B i% SNP 5% Wiy
IGFBP2 & R 6 5% Ja 1 R 35 . bl &5 3 i W X8
IGFBP2 J:1K 3'UTR [X [ SNP(1196C>A) A T HE 1
SNP.

< o o =
IS = 0 =

Relative luciferase level(hFluc)

o
¥}

(=)

SV DF1

Fig. 2 Relative luciferase activities and expression levels in DF1 cells and chicken preadipocytes
transfected with 3’UTR reporter constructs with different alleles of 1196 C>A

(a) Relative luciferase activities of 3'UTR reporter constructs with different alleles of IGFBP2 1196 C>A; the relative luciferase activity was calculated

as the ratio of Renilla to firefly luciferase. (b) qRT-PCR analysis of the relative luciferase expression level in DF1 cells and chicken preadipocytes

transfected with 3’UTR reporter constructs with different alleles of 1196 C>A, and the firefly luciferase was used as an internal control. SV stands for

chicken preadipocytes; DF1 stands for chicken embryo fibroblasts. 1196A and 1196C represent the two individual alleles of /GFBP2 gene 1196C> A.

Each measurement represents the average of three independent assays using independent plasmid preparations; different lowercase letters indicate

significant differences (P < 0.05). l: 1196A; [: 1196C.

23 EMERESH

RS ITCAESE IGFBP2 BEIK 3'UTR X (1)
SNP(1196C>A) 5% Wi & K& D5 1R % s J 45 . bk
— 2 W AR PLE], FATTHAH UTRAb (hitp:/
utrdb.ba.itb.cnr.it/). Motif Search (http://motifsearch.
com/). Microinspector (http://bioinfo.uni-plovdiv.bg/
microinspector/). TargetScan (http://www.targetscan.
org/) FIl miRBase (http://www.mirbase.org/) %5 7 T4k
F, JERET IGFBP2 3P 3'UTR X A4 4015 B 2% 4y
Mr, 5B KEHL, SNP 1196C>A 15147 T gga-miR-

456-3p M— MM A XN, ZEEGXR AT
gga-miR-456-3p P IFAI ML & X, AL T
FEFN G A IX BT, 1196C>A [ C 2867 3L g 5
gga-miR-456-3p M5 14 MEXTROANE 3). &
BTN, miRNA 5355 12~ 17 Mg, o
RS 13~ 16 MEZHA miRNA S5 LA 3'UTR
X (14 & A EEARIEAE P, X 7R 1196C>A 1]
AE 2N gga-miR-456-3p 5 IGFBP2 mRNA 454 1
SEME, WIS IGFBP2 N 2k .
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ATG
)

TAG 3'UTR: 1047 bp

Gallus JGFBP2 |

CDS

gga-miR-456-3p
Position 1185-1209 of IGFBP2 3'UTR

1196C>A

16-13 seed

ACUGU | UGGU | AGAU |UGGUCGG| A
Flern [RERREAN

5"... CCAATGTCA GC(ISA GAGA |ACCAGTC| T...3’
1196C>A

Fig. 3 The schematic representation of /IGFBP2 mRNA structure and a predicted
gga-miR-456-3p binding site located at its 3'UTR
Microinspector and TargetScan softwares were used to predict miRNA binding sites. 1196C> A is located at a potential gga-miR-456-3p binding site at

the 3'UTR of IGFBP2, the allele C is shown in the figure.

2.4 gga-miR-456-3p %8 [@1F4% IGFBP2 # [E ik
BIIIE

HEIE SNP(1196C>A) & 75 5% Wi gga-miR-456-3p
XIIGFBP2 K R ik, AT W F & T
gga-miR-456-3p [ inhibitor. mimics M LK T4
BENC,  JfR H S 50 5 AN 7] S5 B D] i 75 ik R 48
P JFURL L Y DFL 40 M, Al X 't 3 Il i o A
BRIV, 4i R %o, 5 NCAHAME, gga-miR-
456-3p [f inhibitor Al mimics %} psi-IGFBP2-A ¥
PECRMFHR A FE RGP e e B 2 e, (R
gga-miR-456-3p [f] inhibitor fE 2 & Hu B
psi-IGFBP2 -C i ' % O 2% Wl 4l 15 JE RV PE, i
gga-miR-456-3p [¥] mimics 7] I & i FF Ik
psi-IGFBP2-C 35 %5 R B 5 BE RS TR (] 4).

=3l
g a a
L7t a
4
30 b
L5t c d
=
=47
83|
Q
€ ot
&
St
a
0
miR-456-3p mimics - - + o+ - _
miR-456-3p inhibitor — — - - + +

Fig. 4 The effect of gga-miR-456-3p on the activity of
3'UTR reporter constructs of allele 1196A and 1196C
1196A and 1196C stand for two individual alleles of /IGFBP2 1196C>A.
+ denotes DF1 cells transfected with miR-456-3p inhibitor or mimics;
— denotes DF1 cells transfected with negative control (NC). The relative
luciferase activity was calculated as the ratio of Renilla to firefly
luciferase. Each measurement represents the average of three independent
assays using independent plasmid preparations; different lowercase
letters indicate significant differences(P < 0.05). l: 1196A; [1: 1196C.

s HEPIE A 45 R UL, gga-miR-456-3p 4%
IGFBP2 3L R ()R 15, IGFBP2 FE A 3" UTR X )
SNP(1196C>A) 5% gga-miR-456-3p 1)1 1 H ,
5 A SR ME, C &K ESFT
gga-miR-456-3p KIS FIEEH, X4 R 58
T2

b T % gga-miR-456-3p X 41l i VS YE 1GFBP2
FERRAL R RZm . AR B PCR, § 14 v b
7 DF1 40 i IGFBP2 % Al 3" UTR X (fL 7 SNP
1196C>A), WP 45 K5 #7 7, DF1 48/l IGFBP2
FEIA 3'UTR [X SNP(1196C>A) 4t &8 cC. T
45 PR 92 56 K B, gga-miR-456-3p VEH T IGFBP2
FEDA 3'UTR X 1196C>A (1) C SR, P, 3R
AT gga-miR-456 inhibitor. mimics A TG 2% T4k
7 BENC 23 l# 4 DF1 4 g, 300 DF1 41 i 9 5
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Fig. 5 The effect of gga-miR-456-3p on the endogenous
IGFBP2 gene expression
(a) The qRT-PCR analysis of the effect of miR-456-3p on the
endogenous /GFBP2 gene expression in DF1 cells. The NONO gene was
used as an internal control. (b)Western blot analysis of the effect of
miR-456-3p on IGFBP2 protein expression. B-Actin was used as a
loading cotrol. + denotes DF1 cells transfected with miR-456-3p
inhibitor or mimics; — denotes DF1 cells transfected with negative
control (NC). MI: miR-456-3p mimics treatment group; IN: miR-456-3p
inhibitor treatment group; NC: Negative control treatment group. Each
measurement represents the average of three independent assays using
independent plasmid preparations; different lowercase letters indicate

significant differences (P < 0.05).

3 iHit5%it

FLRZEH) mRNA f#) 3'UTR 75 3 R 2 ik i 45
EEETERH, EAMAEHT mRNA 1A N e
PE B A R A0 R A, I R TR R R R
2525, mRNA [ 3'UTR X & poly(A)In E 15 54,
WAL S & AU Juff(AU-rich element, ARE). &
% GU Jef4(GU-rich element, GRE). %k Jx IV jufF
(iron-responsive element, IRE). & ¥ CU Jjt f
(CU-rich element, CURE)} & & CA Juff(CA-rich
elements, CAREs)% 100 2 Fp i i o, x4k
R T 7 5 DRI 0 T 4 v R 4 T (1 4 260,
MicroRNA (miRNA) & —Z B JE 7Y 7 RNA 73
T, R R s R T, S
FEP mRNA 58 A AN e 4 B AMICK, 5 B0 )
mRNA [ fif 502 A TR E, AT 4 B0
PRI LB, 3"UTR X 72 miRNA 1) EZE G X,

miRNA 3 K] 25 G 7 i 11 58748 BE % 5% 1 miRNA
X HAE L DR Sk (R 2, 3 BRI 3k R PIR e
/E[SZ*SS]'

AT R, X IGFBP2 3£ 3'UTR X AFAE
ARE EZ AN TOlE, Hi2, 1196C>A FEAM T
R A RO N S LB AR, XS
IGFBP2 K 3" UTR X £ 25 1.1 kb, 11 Al K
IGFBP2 3K 3'UTR X [ FE AN 300 bp, $E7RAS
) IGFBP2 %5 DA R 7 HE %2 2] miRNA i % B4,
miRNA &5 & 467 s B s, X IGFBP2 55 K 11
3'UTR X AFAEZ A miRNA 45507 £, 1196C>A
7 AL T gga-miR-456-3p ¥ — MHEEEL A XA,
PEIRIXAS SNP 1R 0] Ge & — /NI Re k1) SNP, &)
AE S gga-miR-456-3p MIPHAE/ER . S 4b, AT
FLIT ) ik 3 05 AT/ RNA 5 38 2 ¥ (Solexa)
WL R BN, IGFBP2 FEIK A gga-miR-456-3p 7F
XS TG W40 UAE eI 3RL . AU R I IGFBP2
[XIF1 gga-miR-456-3p 71 DF1 4 firp L%k, X
SO EHLOR IGFBP2 FEN AT gga-miR-456-3p 7] EAFAE
WA, AR B S JE DTGP 44
UL K DF1 41BN Y8 16 FBP2 JEIR (133K 43 Hr &5
HBAE 52 IGFBP2 7 gga-miR-456-3p (1) — /B IE A,
I 3'UTR X SNP(1196C>A) 5% i gga-miR-456-3p
MR, Hd, gga-miR-456-3p Xf IGFBP2I]
C 507 HE PRI A AT s I A F

XRS5 R B, TG FBP24TI I i 105 440 ffa
SRR BTDTRL, S 30 ARAERNAICR
ARG I IGFBP2 ¥ % 25 = T3 i R A
(FFR#R). X3R, XY IGFBP2 FEPR AT g /& 551
IRACARNY K 2 i« AR 2% ALK I bR 22 S P
BRIz —. ARSEE = AT IR I, IGFBP2HE
1196C>A SNP 55 PRI XI5 I 52 RIS G 2 {2 25 AH OG22,
AWFIER I, % SNP(1196C>A) 5401 gga-miR-456-3p
X IGFBP2 FERI L KW+ /EH ,  gga-miR-456-3p
B E B IGFBP2 31K 3'UTR [X SNP [ C 540
Rl 2IL, X IGFBP2 &Kl 3'UTR [X SNP 1] A
AR RIEFE WA K. 1T IGFBP2 I JIg i
SN FIR AN, SR AR R AR ], W]
LTI, 5 A SN ai & R AAAE, C
ST DR A0 B 1R PR XS AN AR AT 5 v T I R I
B, XTS5 A TAT IR S A —2, WS
C SR FE N Al T RS AMAAH LA, A SR R DR 4l
A R RSARR I RAR IR TG B SRR 2, X
W3 FF SNP(1196C>A) & — /M Ihfig Tk SNP. Jig i 1



* 1170 « SMFEEMYIRER

Prog. Biochem. Biophys. 2014; 41 (11)

WRogZ RGN, BT IGFBP2 3£ 3'UTR X 1)
1196C>A 4t W A% A7 1 A 532 i 0 114 Jig s P40k
[RIis A RN R LA L AR 5.
FEPR 3"UTR X (1) SNP 5% 1 Ik R 0k (1 AL A7
Z Pp 7 B9 37UTR X (1) SNP 7] LS M) mRNA
e tE. %M mRNA 5 miRNA A EAER, B
Al LARZ M 3"UTR X R 95 ok 5 L 85 G
A EAER, BRI LA 3'UTR 5 5'UTR A H.1E
GF, IXLBE I d 20K T BRI AR AR PR R
IS, AP IR 1196C>A SNP 541 miRNA
X IGFBP2 FER KIS AEER, AHER 1196C>A
AJ 838 5 LAl T 45 T L A BIE 9T R ORI S
IGFBP2 7% gga-miR-456-3p (1) ¥ 3L A, {H J&,
gga-miR-456-3p 1L /I 17 40 B IS A AN 734k i 4 ] &%
HAERPURREATERE, A TR — 2.
PRIXS S N ST rh L B A ORI, XS IR
5 P 3ok 5 8 AN B AR A Ak 2 A 2 R0 1 PR P 7
Jsia, S PRARANS ) e, SRR R
S MRAh, RIS RN R A R A T G | RN
HEJERE S HEAH 50 . AR R B IGFBP2 JE A
1) SNP(1196C>A)F HAE k) Dy et agt AL brac v FH T
ICNRRS IR 14t B B b

s % X W

[1] Holly J, Sabin M, Perks C, et al. Adipogenesis and IGF-1. Metab
Syndr Relat Disord, 2006, 4(1): 43-50

[2] Gude M F, Frystyk J, Flyvbjerg A, et al. The production and
regulation of IGF and IGFBPs in human adipose tissue cultures.
Growth Horm IGF Res, 2012, 22(6): 200-205

[3] Baxter R C. Insulin-like growth factor (IGF) binding proteins: the
role of serum IGFBPs in regulating IGF availability. Acta Paediatr
Scand Suppl, 1991, 372(115): 107-114

[4] Hill D J, Hogg J, Petrik J, et al. Cellular distribution and ontogeny
of insulin-like growth factors (IGFs) and IGF binding protein
messenger RNAs and peptides in developing rat pancreas.
J Endocrinol, 1999, 160(2): 305-317

[S] DeMambro V E, Clemmons D R, Horton L G, et al. Gender-
specific changes in bone turnover and skeletal architecture in
igfbp-2-null mice. Endocrinology, 2008, 149(5): 2051-2061

[6] Fornoni A, Rosenzweig S A, Lenz O, et al. Low insulin-like growth
factor binding protein-2 expression is responsible for increased
insulin receptor substrate-1 phosphorylation in mesangial cells from
mice susceptible to glomerulosclerosis. Endocrinology, 2006,
147(7): 3547-3554

[71 Guo C, Lu H, Gao W, et al. Insulin-like growth factor binding
protein-2 level is increased in blood of lung cancer patients and
associated with poor survival. PloS One, 2013, 8(9): €74973

[8] Biemacka K, Uzoh C C, Zeng L, et al. Hyperglycaemia-induced

chemoresistance of prostate cancer cells due to IGFBP2. Endocr
Relat Cancer, 2013, 20(5): 741-751

[9] Neuhouser M L, Platz E A, Till C, et al. Insulin-like growth factors
and insulin-like growth factor binding proteins and prostate cancer
risk: results from the prostate cancer prevention trial. Cancer Prev
Res, 2013, 6(2): 91-99

[10] Hoeflich A, Wu M, Mohan S, et al. Overexpression of insulin-like
growth factor-binding protein-2 in transgenic mice reduces
postnatal body weight gain. Endocrinology, 1999, 140(12): 5488~
5496

[11] Wheatcroft S B, Kearney M T. IGF-dependent and IGF-independent
actions of IGF-binding protein-1 and -2: implications for metabolic
homeostasis. Trends Endocrinol Metab, 2009, 20(4): 153-162

[12] Boney C, Moats-Staats B, Stiles A, et al. Expression of insulin-like
growth factor- I (IGF- I ) and IGF-binding proteins during
adipogenesis. Endocrinology, 1994, 135(5): 1863-1868

[13] Wheatcroft S B, Kearney M T, Shah A M, et al. IGF-binding
protein-2 protects against the development of obesity and insulin
resistance. Diabetes, 2007, 56(2): 285-294

[14] Xi G, Solum M A, Wai C, et al. The heparin-binding domains of
IGFBP-2 mediate its inhibitory effect on preadipocyte
differentiation and fat development in male mice. Endocrinology,
2013, 154(11): 4146-4157

[15] Heald A, Kaushal K, Siddals K, ez al. Insulin-like growth factor
binding protein-2 (IGFBP-2) is a marker for the metabolic
syndrome. Exp Clin Endocrinol Diabetes, 2006, 114(7): 371-376

[16] Claudio M, Benjamim F, Riccardo B, et al. Adipocytes IGFBP-2
expression in prepubertal obese children. Obesity, 2010, 18 (10):
2055-2057

[17] Arafat A M, Weickert M O, Frystyk J, et al. The role of insulin-like
growth factor (IGF) binding protein-2 in the insulin-mediated
decrease in IGF- [ bioactivity. J Clin Endocrinol Metab, 2009,
94(12): 5093-5101

[18] Li Z, Picard F. Modulation of IGFBP2 mRNA expression in white
adipose tissue upon aging and obesity. Horm Metab Res, 2010,
42(11): 787-791

[19] Ruan W, Lai M. Insulin-like growth factor binding protein: a
possible marker for the metabolic syndrome?. Acta Diabetol, 2010,
47(1): 5-14

[20] Matsubara Y, Sato K, Ishii H, ez al. Changes in mRNA expression
of regulatory factors involved in adipocyte differentiation during
fatty acid induced adipogenesis in chicken. Comp Biochem Physiol
A Mol Integr Physiol, 2005, 141(1): 108-115

[21] Li Z, Li H, Zhang H, et al. Identification of a single nucleotide
polymorphism of the insulin-like growth factor binding protein 2
gene and its association with growth and body composition traits in
the chicken. J Anim Sci, 2006, 84(11): 2902-2906

[22] Leng L, Wang S, Li Z, et al. A polymorphism in the 3’-flanking
region of insulin-like growth factor binding protein 2 gene
associated with abdominal fat in chickens. Poult Sci, 2009, 88(5):
938-942

[23] Halder K, Wieland M, Hartig J S. Predictable suppression of gene



2014; 41 (11)

TEF, %: B IGFBP2 EF 3'UTR X 1196C>A B#ZHBREZ SN LEER ST

* 1171 -

expression by 5’ -UTR-based RNA quadruplexes. Nucleic Acids
Res, 2009, 37(20): 6811-6817

[24] Grimson A, Farh K K, Johnston W K, et al. MicroRNA targeting
specificity in mammals: determinants beyond seed pairing. Mol
Cell, 2007, 27(1): 91-105

[25] Andken B B, Lim I, Benson G, et al. 3'-UTR SIRF: a database for
identifying clusters of short interspersed repeats in 3’ untranslated
regions. BMC Bioinformatics, 2007, 8: 274

[26] Proudfoot N J. Ending the message: poly (A) signals then and now.
Genes Dev, 2011, 25(17): 1770-1782

[27] Mignone F, Gissi C, Liuni S, et al. Untranslated regions of mRNAs.
Genome Biol, 2002, 3(3): 1-10

[28] Benjamin D, Colombi M, Stoecklin G, et al. A GFP-based assay for
monitoring post-transcriptional regulation of ARE-mRNA turnover.
Mol Biosyst, 2006, 2(11): 561-567

[29] Halees A S, Hitti E, Al-Saif M, et al. Global assessment of GU-rich
regulatory content and function in the human transcriptome. RNA
Biol, 2011, 8(4): 681-691

[30] Theil E C, Eisenstein R S. Combinatorial mRNA regulation: iron
regulatory proteins and iso-iron-responsive elements (Iso-IREs).
J Biol Chem, 2000, 275(52): 40659-40662

[31] Zhang Y, Wang Z, Gemeinhart R A. Progress in microRNA
delivery. J Control Release, 2013, 172(3): 962-974

[32] Landi D, Gemignani F, Barale R, et al. A catalog of polymorphisms
falling in microRNA-binding regions of cancer genes. DNA Cell
Biol, 2008, 27(1): 35-43

[33] Kontorovich T, Levy A, Korostishevsky M, et al. Single nucleotide
polymorphisms in miRNA binding sites and miRNA genes as
breast/ovarian cancer risk modifiers in Jewish high-risk women. Int
J Cancer, 2010, 127(3): 589-597

[34] Sandberg R, Neilson J R, Sarma A, et al. Proliferating cells express
mRNAs with shortened 3’ untranslated regions and fewer
microRNA target sites. Science, 2008, 320(5883): 1643-1647

[35] Matoulkova E, Michalova E, Vojtesek B, et al. The role of the
3’ untranslated region in post-transcriptional regulation of protein
expression in mammalian cells. RNA Biol, 2012, 9(5): 563-576

[36] Graybowska E A, Wilczynska A, Siedlecki J A. Breakthroughs and
views: regulatory functions of 3’ UTR. Biochem Biophys Res
Commun, 2001, 288(2): 291-295

[37] Kuersten S, Goodwin E B. The power of the 3’ UTR: translational
control and development. Nat Rev Genet, 2003, 4(8): 626-637

[38] Lai E C. MicroRNAs are complementary to 3'UTR sequence motifs
that mediate negative post-transcriptional regulation. Nat Genet,
2002, 30(4): 363-364

[39] Day L, Souki O A E, Albrecht A A, et al. Accessibility of
microRNA binding sites in metastable RNA secondary structures in
the presence of SNPs. Bioinformatics, 2014, 30(3): 343-352

[40] Yang L, Li Y, Cheng M, et al. A functional polymorphism at
microRNA-629-binding site in the 3’-untranslated region of NBSI
gene confers an increased risk of lung cancer in Southern and

Eastern Chinese population. Carcinogenesis, 2012, 33(2): 338-347



¢ 1172 ¢ EYUESEYYIRHRE Prog. Biochem. Biophys. 2014; 41 (11)

Identification and Analysis of a Functional SNP 1196C>A
in 3'UTR of Chicken IGFBP2 Gene

YU Ying-Ying"™, QIAO Shu-Pei"”™, SUN Ying-Ning"?, SONG He",
ZHANG Xiao-Fei, YAN Xiao-Hong", LI Hui”, WANG Ning"™

(" Key Laboratory of Chicken Genetics and Breeding, Ministry of Agriculture; Key Laboratory of Animal Genetics, Breeding and Reproduction,
Education Department of Heilongjiang Province; College of Animal Science and Technology, Northeast Agricultural University, Harbin 150030, China;
2 College of Life Science and Agriculture Forestry, Qigihar University, Qigihar 161006, China)

Abstract We previously mapped a QTL significantly influencing the abdominal fat weight and the percentage of
abdominal fat of chicken on chicken chromosome 7, and /GFBP2 is the only known gene located within this QTL
region. We further found that the 1196C>A, a single nucleotide polymorphism (SNP) in 3'UTR of Chicken /GFBP2
gene, is significantly associated with chicken abdominal fat weight and percentage of abdominal fat.
Bioinformatics analysis suggests that this SNP is located at a potential binding site of gga-miR-456-3p. We
hypothesized that /GFBP2 may be a target gene of gga-miR-456-3p, and this SNP may affect the
gga-miR-456-3p-mediated downregulation of /G FBP2. To test and decipher this hypothesis, in the present study we
constructed the 3’ UTR reporter vectors for the two individual alleles of the /GFBP2 SNP (1196C>A), and
compared the reporter activity between the two individual alleles in both DF1 cells and chicken preadipocytes.
Using the miRNA mimics and inhibitor of gga-miR-456-3p, we further assessed the effects of gga-miR-456-3p on
the reporter activity of the two individual alleles of the /GFBP2 SNP and the endogenous IGFBP2 expression at
mRNA and protein levels in DF1 cells. The reporter assay showed that in both DFI1 cells and chicken
preadipocytes, allele A had higher reporter activities at protein and mRNA levels than allele C, indicating that this
SNP is a functional SNP. Further studies demonstrated that in DF1 cells, gga-miR-456-3p mimcs and inhibitor had
effect on allele C reporter activity, but not on allele A reporter activity. Quantitative real-time RT-PCR and
Western blot analyses showed that gga-miR-456-3p mimcs and inhibitor regulated the endogenous expression of
chicken /GFBP2 gene at mRNA and protein levels. Taken together, our results demonstrated that /GFBP2 gene is a
target gene of gga-miR-456-3p, and the SNP 1196C> A is a functional SNP. Our findings are of great significance
to the marker-assisted selection for lean chicken and clarification of gene function and regulation of chicken
IGFBP2 gene in chicken adipose development.
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