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# E #JEE A B (apolipoprotein B, ApoB)7E M ik % [ i &% [ (very low density lipoproteins, VLDL)#1
5 e Ia DL R R ER A BB . AR BT R IS (Gallus gallus) ApoB 3R g.-112A>G
PR R 2 A5 P (single nucleotide polymorphism, SNP) 538 fig flis MG R B ZE M. EWEBF00r
IR % SNP AL T3 ApoB ZE R (1) J5 31 X, AT BE /2 DI RE 1 SNP. i € % SNP I Dy Re 1, AW ST JE 1
WZAL AN R B PR Y 5 1375 AR A AR AR IR A Q73 AT 5 UL T ApoB 21 [R] 3 ot 5k PR] 28 6 X JH R R /) gy v ) 25 7K
S M T 1% SNP A A FI G 2L EE IR 1) J8 314 o5 2 R A, IR B XU 3R Bl A 15 R 48 40 T ik ik
% 3 Kl ¥ TATA-box binding protein (TBP) ! CCAAT/enhancer binding protein alpha (C/EBPa)*] % SNP {7
RN [EJ ST B PR ZR B S PRS2 o SCIC 70 A 45 SR s L 455 GG 2R IR Y 1) A X9 v %5 2 IR 25 H (high-
density lipoprotein, HDL)/% % & 5 & 1 (low-density lipoprotein, LDL) 7. % /5 T AA B A4MA(P<<0.05) ; gRT-
PCR &5 R IR, 760G - JIE AN 223, AG ZE DR Y 1) ApoB 2E IR 314 5 W I8 T AA 1 GG £ R B (P<
0.05) 5 #f  J2E KRG 45 SR ST 7, A SRR TR 9% e FR e PR 2 3 | T G S 2R R (P<<0.05).  BbAk, B S R 1
TBP 1 C/EBPa %} A S50 5 PR 5% 2% B 14 AR 2 AE H 5 T G AL B R (P<<0.05).  FIRSE R4 7R, ApoB
F K g.-112A>G W] Re /& D Retk SNP AL ki, FTHIE i 2 HON D B & M DIRENE 7> ThRid . AWFFNRA
RIS ApoB JEIRIFE R T A KR B ) D e d (it 1 S50 250405

KR W(Gallus gallus), B 55 A B3 [K (ApoB) , Ja 81T, Thfg 4 SNP
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Abstract The apolipoprotein family plays an important role in the transport and metabolism of lipids and
cholesterol in the body. The apolipoprotein B (ApoB) plays an important role in lipid metabolism. Previously it
was found that the genotypes of chicken (Gallus gallus) ApoB g.-112A>G (single nucleotide polymorphism,

SNP) were significantly associated with abdominal fat weight and abdominal fat percentage in chickens. To
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determine whether the ApoB gene g.-112A>G is a functional SNP, we conducted the following research work:
Association analysis between different genotypes and plasma biochemical markers, body weight and
abdominal fat traits; The mRNA expression levels of the 3 ApoB genotypes in the liver and small intestine of
chickens were detected and compared; The luciferase reporter gene vector containing different alleles in the
promoter region of chicken ApoB gene was constructed and transfected into chicken fibroblast cell (DF1) and
human hepatoma (HepG2) cells respectively; The possible mechanism of action of the ApoB gene g.-112A>G
was predicted and analyzed by on-line bioinformatics software. It was found that the A allele could change the
TBP and C/EBPa transcription factor binding sites in the chicken ApoB gene promoter region. It could be
assumed that the g.-112A>G could influence the promoter activity of ApoB gene, which in turn affected gene
expression. To confirm this hypothesis, the effect of pCMV-TBP and pCMV-C/EBPa on the activity of the
dual-luciferase reporter gene of different alleles was analyzed in DF1 and HepG2 cells. The major results as
follows: (1) Association analysis showed that genotypes of g.- 112A>G in ApoB gene were significantly
associated with high-density lipoprotein (HDL) (P<<0.01), and significantly associated with HDL/low-density
lipoprotein (LDL) and Body Weight (BW) (P<<0.05), and closely associated with Triglyceride (TG) (P=
0.0549), Total Cholesterol (TC) (P=0.0926) and Abdominal Fat Weight (AFW) (P=0.0805). Multiple
comparisons showed that HDL, HDL /LDL, and BW were significantly higher in individuals with GG
genotype than those with AG and AA genotypes (P<<0.05). (2) qRT-PCR results showed that the ApoB gene
expression level of AG genotype was significantly lower than that of AA genotype and GG genotype in both
chicken liver and small intestine (P<<0.05). (3) Bioinformatics predictions revealed that the A allele could
change the TATA-box binding protein (TBP) and CCAAT / enhancer binding protein alpha (C/ EBPa)
transcription factor binding sites in chicken ApoB gene promoter region. (4) The study successfully constructed
reporter gene vectors containing different alleles of the chicken ApoB gene g.- 112A>G, and reporter gene
activity analysis indicated that there were significant differences in the reporter gene activity of the A and G
alleles (P<<0.05), and the reporter gene activity of the A allele was significantly higher than the G allele. (5)
TBP eukaryotic expression vector pCMV-TBP was successfully constructed. pCMV-TBP and pCMV-C/EBP«
(kept in the lab) were co-transfected with reporter vectors of different alleles. The results showed that
transcription factors TBP and C/EBPa promoted luciferase activity of the A allele more strongly than that of
the G allele (P<<0.05). The above results suggested that ApoB gene g.-112A>G might be a functional SNP
locus, and it could be preliminarily identified as a functional molecular marker for quality chicken breeding.
The present study provides experimental data for further exploration of the function of ApoB gene in fat
development.

Keywords Chicken, Apolipoprotein B gene (ApoB), Promoter, Functional SNP

PR R (Gallus gallus) IR OCIHZEIEHR) &
Rt Z I H R . B AR 2 B

AN 2= FEAR DR A 2 A0 1] R I 72 i, SR B AIG T
BE R AN . B B A% T B e TR TR 2
BRERELZ —

#JI5 2 A B (apolipoprotein B, ApoB) & IflLi# fiE
HEHWFEEEARA S . S H5RZEEZNEDT
T2, Q0 iR 5232 B 35 1 R 5 RS2 440 7l (Wang et
al., 2003). W FLR T, 5 FLANH /N i ART i A2
ApoB ) F ER X, 76 H il = BR3¢ 55 50 W

H. 44 & Z{F F (Glickman et al., 1986). ApoB #& 1%
& % & Mg & [ (very low density lipoproteins,
VLDL). "1 [8] % % i§ 2 [ (intermediated-density 1i-
poprotein, IDL) 1% % J& fif 2% 1 (low-density lipo-
protein, LDL) ] 4 B i 73, 1 4 LDL 52 /& I B A4
1 57 LDL 7E 4 N {35 22, 9 15 LDL 5 =2 4R 1 5
4 5% (Bava et al., 2001).

H i, B 4G K ApoB ZE R IR 7 2 W A
2 (Homo sapiens)F17N§(Mus musculus) , 75 5 65 I fif
Al . 2T ApoB F[H [ HEL D) e, A SLI6 % 7l



X ApoB £ [F g.-112A>G HAZ H R Z S TEM DIRe %€ 50 i

Functional Identification and Analysis of ApoB gene SNP g.-112A>G in Chickens (Gallus gallus)

1921

B DAZR AR ML K 2 PR w3 AR &R OB TS R, SR
FH I 7 A PCR- PR il 14 Fr B A B 22 35 1 (restriction
fragment length polymorphism, PCR-RFLP) %% Jj %
Kl T XS ApoB B K ) 2 345, JR AT T R AL S
R AT BRI DG BT o R INAG ApoB %2 [H]
JA BT IXAFLE 1N 2SS g -112A>G, ZAL 5 5
X I8 i = AN IE R 2 W 3E A 8 (P<<0.05) (7K 7k,
2006). MG B0 W RN g.-112A>G LT ApoB
BE R A% O JE BT X, Tl % A7 s30T Be R D RE
SNP. Mitt, ABFFEIFRE T 1% SNP A7 sl D RE 1%
TE T o

1 #RE5T %
L1 SKEa#

pEasy-T1 simple vector F1 K i #F i (Escherich-

ia coli)# P Trans1-T1 M4 H 44 A & (AL ) s WS
B RLET 4R 20 i 3 DF 1 3 A= dn B2 B 5T e 48 i 5%
Pt () s N 40 i 3R HepG2 N AR = {R A7
Wt 2R R 2 2 R 30K pGL3-basic vector A1 |
# AR pRL-TK & H Promega /A 7 (E [E)o ¥ (Gallus
gallus) 5 R H A 2 ARAF I AR A AL R 5255 21 1
REE R ANSIERI 4L DNA. LI s N AR ALk
R 21 AR IR REABEHLPRE ) 105 R AXY .
B 1] 74 P U1 8 A1 PrimeScript™ RT reagent Kit

with gDNA Eraser 4 H Takara /A @ ( H A%). Trans-
Start” Taq F1 T, DNA & #:l§ W 5 404 A (b
310) s DNA ZAY, [l Ui 77 6 R o b /) 2 ) % 1l )

®1 SLWATASIY

Table 1 Primers used in the study

I B Axygen A 7] (3£ [H); FastStart Universal SYBR
Green Master (Rox) & H Roche 2 &] (3£ [E); Dual-
Luciferase” Reporter Assay System )4 Fl Promega 2~
7] (3£ [E); Lipofectamine 2000 I H Invitrogen 2 ]
(3£ [E); it 4F M35 (fetal bovine serum, FBS). Dulbec-
co's modified eagle medium (DMEM)X% 7% %E 1 Opti-
MEMI ¥5 77 28 H Gibeo A &) (&) ; il . 75 %5 &%
FEERE R H Sigma A 7 (3 [H).

1.2 EWHE

51490 ApoB JA B 1 Fr BUs T K A5 Ik

A Primer Premier 5.0 & 2E47 51907 5115 11
H S 7RI ARG R A v S B(E ). S
X ApoB #£ [X] (GenBank No. NM_001044633) % 41| ,
HAeREAEMA A ERAY ¢.-112A>G AL S E
B A Bt 510 bp (& 1T 5148 A pUCS7-Kan 4,
53 545 % N : pUC-ApoB-AA Fll pUC-ApoB-GG), &
B BE R4 A 0 Kpn T F Xho 1 BV A5
122 W ApoBIEH g.-112A>G AN A FE PRI R ) %58 K
My

PAZR B AR MY R 22 55 21 A = 18 s 2R A IS s
F AT G HE K 4 DNA AR , B 514 ApoB-FX-
F il ApoB-FX-R, ¥ #4407 g.-112A>G A7 55 1] ApoB
F N A3 F X 751207 bp). PCR k%K : B R
51410 wmol/L)#%5 1 pL, 10xTranstar® Tag buffer
5 pL, dNTPs (2.5 mmol /L) 4 wL, Transtar® Taq
DNA % & 1 pL, DNA 4% (50 wg/mL) 5 pL,

1.2.1

R BlE/E2Y0S I HI(5~3" i P/ B Tm/C
GenBank No. Primer name Primer sequence Application K7Nop
Amplicon
size
NC_006090 ApoB-FX-F AACCCAACAACTGGGATA BrAPSBICE S9Ed 207 56
ApoB-FX-R TGACTTGGACCTTCATTTGTA Genotype identification
NM 205103.1  TBP-F CTCGAGTCATGGATCAGAACAACAGCTT F4 % TBP HAZ R IL # A4k 923 60
TBP-R GCGGCCGCATGTAGAAACTGTTACGTTGTCT = Construction of TBP eukaryotic
expression vector
NM 001044633 ApoB-qRT-B5F  GACTTGGTTACACGCCTCA K ApoB Rk 7K 196 60
ApoB-qRT-B5R  TAACTTGCCTGTTATGCTC Detection the level of ApoB
NM_205518.1  B-actinF TAGAAGCATTTGCGGTGG gene expression
B-actinR GGCAGTACCGCAATGTGC W2 A 331 60

Reference gene
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B ddH,0 33 pL. ffER B K A : 94 CHAE 1 S
min; 94 ‘CAEPE30 5,56 CiE -k 305,72 CILMH 40 s,
32 MG ;72 CLLEAH 7 min, 4 CLRAT

Xf PCR Y™ 38 7= W) ik A7 s il g V1) %5 8 70 B, ]
A& 2 : Bsp 1407 1 1 L, 10xT Buffer 2 pL,0.1%
2R 11 7% H 2 A (bovine serum albumin, BSA) 2 uL,
PCR ¥ 2 wL, L ddH,0 13 pL. 37 CHEYI 1 h
J THEAT 5 A A T i B I HL VK
1.2.3 % ApoB JE [l J& Bl 5 25k R 8 4k (1) ) 7

AR #1448 P9 V) Kpn 1 1 Xho 1 X pUC-ApoB-
AA Fll pUC-ApoB-GG AT XUEG VI , B U1 7= ¥ 48 35
JIE W B Je FEL YK 4B 4K 3843 ApoB-AA Fl ApoB-GG Jii
B+ B (510 bp).  LABR I 14 N VIEE Kpn 1 1 Xho
[ % pGL3-basic vector BEAT XU V) , 264k J5 7379 5
ApoB-AA Fl ApoB-GG Ji 5 1 Be i 42, 3R 15 A ]
S5 A R IR Bl A 2R DU, 4l Am A4
pGL3-AA 1 pGL3-GG.
1.2.4 ¥R+ TBP Rk % ik

P EUA AT T 2H 25 5 RNA [ 3 584 cDNA, L
cDNA AR, PCR 4 34 3R 15 P 8 7 5 Xho | F1 Not
I ) TATA-box binding protein (TBP)3[X CDS X J
Bro Bz A B BE B T-simple #0448, A K B % &
PCR % 5 Fl KL Xho 1 /Not T XUEE V) % %€ Toi% , 1%
M IRV AT AR A J) I o 6t T B 1 4 Rk
17 Xho 1 A1 Not 1 XUEGY] , 2 35 AR AR I L Pk 24k
315923 bp [ TBP 7K CDS B o K Xho 1 F1
Not 1 XUEE ) pCMV-HA, 4tk 5 5 TBP 3£ X CDS
A BUOER: SRR RIEHAM . B PR EERIE
A& 4 N pCMV-TBP.
125 ZHfEEI

DF1 il HepG2 4l it 5 77 T DMEM % 7¢ 2, &
10% FBS+ 100 p.g/mL # % K F1 100 U/mL 75 % 3K «
R IR RV 441N 37 °C 5% COL AT 90% AH R
1.2.6 WU 28 Bl 7 J2 DR A4 B e S M 23 i

V20 M 4 b 22 12 LR, R A BE AL 80%~90%
S5 7 2 (R (A B G 199 't 35 A 35 0 A A0 HE 28
(1 pg), 5 5 5 pRL-TK Jii Fi (50 ng) 5% 4 21 o
WI%H N TE LT 1 Opti-MEMI £ 75 5, 55 9% 6 h J5
WOoNIEH B3k . #eye 48 h 5 AR AN - 240, 4%
HR B2 't 2% il A U ) G 0 P P R 4, R A 2 1

B R ICA AT B 2 W B R (N S D AT K
B R BRI -
1.2.7 L35 REEF AL H

R 105 A ARIpR R 25 21 A T R A
9 1 i 5 E (abdominal fat weight, AFW) fl {& &
(body weight, BW), %8 J5 RAE S MK, 5§ & 1 hJ5
W BY b 2 M 5 300 R 4R 48 RS (R g.-112A>
G A7) 25 PR R 3 4 08 B B /N iz ATF IEAH 23 VA
HIRIHORAET-80 C, H T B RNA#RI. BRI
FF BT AT T UK () ORI AR 2 G R TR R R R 22 56
VY B Ja 2= e ks 36 R, ad sk 4 B sl AR A 20 i SO I3
A FEFR AT I E , A0 45 = IH [ BE (total cholester-
ol, TC). i % FZ JI§ & M (high density lipoprotein,
HDL). 1% % 5 5 25 I (low density lipoprotein, LDL)
FH I = JIE (triglyceride, TG)-
1.2.8  ZHZIRNA JZH L qRT-PCR fa I

LA Trizol 7% $2 BT JIE AT/ i 41 21 RNA, &
0.9%~1.2% 35t JIi W B8 JI P VKA U0 o RNA I JZ 1
200 pg/mL. $% HE PrimeScript™ RT reagent
Kit with gDNA Eraser 1t B 5317 RNA 4lifb Al Js %
o KH QRT-PCR A& ApoB 1 B-actin i) mRNA 7%
AN [ 5 DR Y A4 JHE AN Jigg Hh i 2638 . PCRSORE
14 % : cDNA B (50 ng/pl) 1.0 pL, E T 519
(10 wmol/L) % 0.2 pL, FastStart Universal SYBR
Green Master (ROX) (2x) 5 wL, FH K # ddH.O #h &
%10 pL. PCR XM ZAF:95 °C 10 min; 95 C 15,
60 °C 60 s, 340 MEH . R FH ABI 7500 5B %%
5T i PCRAY(3E )ik 4T qRT-PCR K 43 #7 , LA B-ac-
tin fE NN ZEE, bS8 93 79 9 ApoB-qRT-
B5F/ApoB-qRT-B5R Al B-actinF/B-actinR(5& 1)

129  Hdaotr

FRA e s SRR AR 1, AL AT G i Y
BEAT ApoB AN]R8 55 %M IR T] £ SRR 9 -

Y=u+Sire+Dam(Sire)+G+e

Horb Y AR IME o o SAKIIHL, Sire 7& SR
BENLRBUN , Dam(Sire) fe {REAE A XS () BEXS BEHL AL
L, G o Fk PR R[] 7 RN e SR TR 22

iz F IMP7.0 B 73 B S 56 Bt s 45 R 3R
NN X£SE,0.05 BB WK, 0.01 BB KR
ZKF.
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2 HR5H5

2.1 ApoBEREZ7SMS MiBENIEHR PERSIER K
REZ BRI KB

EF X} ApoB R g.-112A>G fir. s A 7] JE K AL
MG A A TEBR GG PR AN A 5 2 8] R G B AT 40
Mr, 45 B ANZE 2 7R, 39 ApoB £ [N g.- 112A>G {7 4
5 HDL #% 2 # 41 5¢(P<<0.01), 5 HDL/LDL.BW &
FHF(P<0.05), 5 TG (P=0.0549).TC(P=0.0926).
AFW(P=0.0805) M HC. 2 HE LRSS R R, GG 3
[A A4 [ HDL .HDL/LDL 1 BW & 2% /& T AG Al
AA LR BLAME(P<0.05).

2.2 3BApoB g.- 112A>G i S ARERB KN ER
FIEHM

LA B-actin N N Z . ApoB-qRT-B5F/ApoB-qRT-

BSR N 5IW, K 48 49 H 4 % 4 JHIE A1/ i
41 41 v ApoB % Al mRNA 7K °F , 3 HL % ApoB g. -
112A>G 7 SRR R R 3Rk o 45 SR BH, 78/
RN AEZHZ3 0, ApoB %2 (K] GG %2 [K B /MA [ R 1A
R T AA R B, (B2 5 B3 5 1 AG 2 [H
RIANMA ApoB 25 Rl mRNA /K -F 2 K T GG AA %
RAAMA(P<0.05, K 1).

2.3 WApoBEF g.-112A>C AEEFABHLEE

FIFH 5140 ApoB-FX-F/ApoB-FX-R ¥ 1 & b 4«
MK 2228 21 AR =R R S R 40 DNA, 7 31 7=
Y% Bsp 1407 1 il B 1) 7> 1Y, I g.-112A>G A7
1E3FIL R (AA, GG, AG)(E2).
24 ApoBEREBFHMREYERZETN

3 ApoB 3 [H g - 112A>G A7 T 3K 3 8) 7 X, F

R2 BApoBEME g.-112A>G L m H75M 5 IiF £ iER RIS R R K E R KBS

Table 2 Association analysis of ApoB g.-112A>G polymorphism with plasma biochemical indexes, abdominal fat trait

and body weight

FET (MEED PR Trait

Genotype (n) AFW/g BW/g TC/(mmol-L")  HDL/(mmol-L")  TG/(mmol-L')  HDL/LDL
AA (18) 100.04+5.76 1897.61+£52.16° 3.23+0.11 2.46+0.09" 0.40+0.03 3.75+0.25°
AG (51) 113.9343.55 2032.72+31.91° 3.38+0.07 2.63+0.05° 0.31+0.01 3.93+0.15°
GG (36) 114.144+4.25 2050.11£39.51* 3.51+0.08 2.78+0.06" 0.32+0.02 4.49+0.17°
P{i P value 0.0805 0.0495 0.0926 0.0092" 0.0549 0.0276"

#: P<0.05;**: P<<0.01; [@]—F (1A [ 2 B (a,b) Ron G it 2 2 57 i 35 (P<<0.05); AFW : I8 I H s BW « 74 ; TC 2 S I [ i

HDL: &% FE IR A TG Hith =5 ; LDL AR % Jlg dR H

*: P<<0.05; **: P<<0.01; Different letters (a,b) in the same column indicate statistically significant differences (P<<0.05); AFW:
Abdominal fat weight; BW: Body weight; TC: Total cholesterol; HDL: High-density lipoprotein; TG: Triglyceride ; LDL: Low

density lipoprotein

101

=
.S a
Mg sl
®E o T
= S b
=& 4 —
Qo
2.2
<= 2t
[}
~ 0
GG AG AA
LR Genotype A

= 101

.S a
I# 3 8F
) & | ab
K5 6F
= 4F
oy b
<E 2f =

Q

a 0

GG AG AA
R Genotype B

El1 ApoB g.-112A>G A E1E E B 7ZERFAE(A) F/NA (B) IR AZ S 47
Figure 1 Relative expression levels of ApoB g.-112A>G genotypes in liver (A) and small intestine (B)
n(GG)=15,n(AG)=17,n(AA)=16; N [EFRR RG22 7 B E(P<0.05); WS A : B-actin; N[

Different letters indicate significant difference (P<<0.05); Reference gene: B-actin; The same below
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F Mulan (https://mulan.dcode.org/)7E Z8 R AF 73 #T &
I, A FEAF G v LUEX ApoB 2[R 3 3 T [X (1) TBP 45
& 57 KUY 2% s Motif search (http://www. genome. jp/
tools/motif ) EL AT /3 AT KN, AR G4 1 14
C/EBPo ek R 45 & i mi o

2.5 ApoB ARFEMEFEMMEEERRFRER
i AR 53 A

N AR RS ApoB 3 A g.-112A>G 7 5 75 N D
REVE SNP, AW 78 1 Je M 11 A7 sUA () S5 A7 ik [A]
) 4 5 TR« A S 7 25 TR 1 4 o R R A4
pGL3-AA Fl G 55 fir 5 D] (1) 4 5 2 D5 #5 4& pGL3--
GG, X Pt U] R0 7 56 10F 2584444 2 1 (1) 3), vl
TR B TC o 1 ) T T 1) R 2 R A 0 i) e
X% DF1 41 i F1 A\ HepG2 41 il , %% % 48 h J5 W B2 4]
JROASE WU 28 s 2R W s M . R R DR 45 R BN 7RG
DF1 41 fd 1\ HepG2 4 i 7 , A S5 o7 25 (R 1 e 3

KA 7Y
Genotype
bp M AG AA AG GG bp

E2 BApoBEHEg.-112A>G AEEERNEEILE
Figure 2 Identification of ApoB g.-112A>G genotypes by
restriction enzyme digestion in chickens

M:DL2000 marker; T[]

M: DL2000 marker; The same below

e
=

N
~
T
©

|

AEXF 5 ' 2R R 1
Relative luciferase activity
[e]

5
=

pGL3-GG pGL3-AA pGL3-Basic
e R A

Reporter gene vector A

B PR35 2 2 v T G AS AL R R (P<<0.05, E 4).
2.6 H#FETFTBPEZFKEEHEHEE

AR T AT 412 cDNA SRR , 7 P 44 22 38 TBP
B AN RIAH AR pCMV-TBP, Xho 1 1 Not 1 XLt
I3k453 923 bp 11 H 1) 21 (& 5), I 7 56 41F 7 51 1E
Hio K pCMV-TBP.pCMV-C/EBPo( S5 % 1ii WK
)M pCMV-HA 75 #4473 73 5% 44 4 DF 1 411/l , 48 h
Je FEEUAN A A B 1, R HA BRSPS I TBP A1
C/EBPo fili & 8 3R IA , 1] WL 25 7 M 2 11 2%y
(El6).

2.7 #FEF TBP.C/EBPa Xt ApoB RE A EE
FiEHEEIE A

WG B 2FTIN R B, ApoB g.-112A>G 38 T
5[ 7 TBP M C/EBPa 45 G mie AT FLIXLE
iz 196 F5 S5 IR -7 X ApoB g.-112A>G A [R] S5 A7 L [ 58

bp M 1 2 bp

2000
1000

750
500

250
100

B3 ARESCERNREERBEEIISEE

Figure 3 Identification of reporter gene vectors of differ-
ent alleles by restriction enzyme digestion

1:Kpn 1 FI Xho 1 XUHGY) AL pGL3-AA:2:Kpn 1 F1 Xho 1 B
i Y1 ik pGL3-GG

1:pGL3-AA plasmid digested by Kpn I and Xho I ; 2: pGL3-
GG plasmid digested by Kpn I and Xho |

<
—
W

<
=
=
B

o
S
S

AFX 5 't 2% e 1
Relative luciferase activity

5
o
S

pGL3-GG pGL3-AA pGL3-Basic
et R B A

Reporter gene vector B

B4 ApoB g.-112A>G RNEZEALEE7E DF1 411 (A) 0 HepG2 4RAA(B) h IR E HiE S
Figure 4 Relative luciferase activities of ApoB g.-112A>G genotype reporters in DF1 cells (A) and HepG2 cells (B)
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KA FH 5 AR S0 AN ) S5 07 Jik [R] P o ik A
JiRL 55 ¥ B ¢ Y 2R g4 WUk L TBP 8 C/EBPa #%
SER TR I ORI L DF 1 A HepG2 41 i) 5,48 h
JE RS DU 5 JHE DRIV 5 2317 P S DR 1 R A [ S
AT 10 48 75 25 DR 1 P i

¢ N 2 I 45 FE R P o M 45 SR R, 1
DF1 A1 HepG2 4l Jftd v , % 5% [Kl ¥ TBP( & 7) A1 C/
EBPo( & 8) %k 4w 1 5 R 14 () e i AE FH A BT ANTA]
TN A GBI  E HE AR B3 T G AR AL
B (P<0.05).

3 itig

KA AIRITARE KT RITTR LU B 5

E5 pCMV-TBPRIWEEIEE
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Figure 6 Western blot detection of transcription factor
TBP and C/EBPa
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Figure 7 The influence of TBP on expression of different alleles of ApoB g.-112A>G in DF1 cells (A) and HepG2 cells (B)

*: P<0.05; F[A
*: P<<0.05; The same below
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Figure 8 The influence of TBP on expression of different alleles of ApoB g.-112A>G in DF1 cells (A) and HepG2 cells (B)

RN EcoR 1 BFVIAL £ E 1457 R 5 g R A 1 25
B 5 HAE X1 SRR A M, B X2 %4
F R AR I HDL 7K P43 {1% , LDL F1 TC 7K P45
151 » LDL 73 fif 3 FE R 5 AH DR TH F8 B0, 45545 E1 4%
AR AR BA #5 1) TC. TG M1 LDL(7K 5 2,
H F, 2015). Doo %5 7E 8] it \HF H W 5T 1 ApoB
rs1469513 2 25 PE A7 s % MG I S2 M, R L% A
A S5 3L R RN A G S5 A7 3 R SR 7 TC
LDL. BW #1 BMI (body mass index) I & % A~ [A]
(Doo et al., 2015). Niu & (2017) & 3l ApoB %
15693 % &5 1 5 TG TC. LDL 1 HDL & % ki 5% ,
1517240441 2 &5 TCHILDL B E M. ALK
FEHCAF IR L 5AUIE RAXGAH L, SR &R XY
A3 = 1 L3E HDL ZKF 0 35 BRI 14 1fiL 3% LDL 7K
*F-(Dong et al., 2015). AW I E T ApoB A g.-
112A>G A 555 1ML 3E A= A FE A  BR B IR K A 1)
KIAHT, KILZAL %2 &P 5 HDL.HDL/LDL.
BW & % 5%, 1] 5 TG TC fil AFW K3k £ Gt it 2
7 5, FLIR R AT e 2 A 78 AR AR & S/
JIrE. 25 ERTR , B FE T ApoB B[l g.-112A>G i
A IMIE A TR PR A R AT 45 R 5 A
Frah TR, , 3R 0 IZAL AT BE AR RIS i ARG
HESThRid,

JA B FAE Ry PR 3Rk T % 1 i =X G
PREAE RS, 2013), R AP R b B 150
BB /E R, BT 2 R R0 T (B B A,
2017). EWIA% O R B F— AL W 8, B B A
7 TATA HE FAS 5 i 78 TATA HE(H & & s 8 1
Spl (specificity protein 1) 4% & 47 £ 1) /5 GC [X 35k
(Saxonov et al., 2006). %03 B T 7F e s e 46 DL

T DR 98 AR 0 H R A 5 12 X3 A R
ZAMETTRER ML RV M. XS ApoB B [F g.-112A>
G LT ApoB HE R J& Bl 7 X, IR e HE M 1% SNP A7 A5
AIRESZMN T 3% ApoB FE R Rk . Ak, KW AT
T g.-112A>G AN [R] J PR B A P 22 S 3 3 Ao Wl A0 A
[Fi) S5 57 % DRI 7 R RS A I o AT 55 A [ B [
R N 22 S R 45 SRR B, ApoB 2 [Hl g.-112A>
G L 5 A [F) 356 DR 8 75 B R /D Py 20 43 o (1) R A A7
TEZ S5, Hod AG 2R BN ApoB 2 Rl 1 R A8 & 12
EKT GG AA B K B M T 7E GG Fl AA 2
PR RN (8] A IR 2 22 e (B 1) o AN [R S 7 2k (R A
o 5 IR 35 P G WU ATF 7T 2 s 5 76 XS DF1 41 B AT A
HepG2 21 , A S5 A07 3 R 1) %6 ol 21 BTG 1R 1) . 3%
T GEMER. WEMAERHEAR. K
JE PRI 1 R JU AR = 1) qRT-PCR A M 1) /2 ApoB & K]
TE XS BN /I8 iy A TRk, T o 22 R 28K A e % 1)
#& DF1 48 Jid A1 HepG2 41 . , ApoB %5 A 1) 32 15 B &
Ja BTG 1 B YR el 0 B v 2) e R DR
PR TE 200 i HR 52 21 22 P9 IR I 5 S5 DR PR R ) T 5
B2 5 I 5 3) qRT-PCR K Il 1) /2 %5 Il mRNA 7K
S T 4 7 2 R AR s PR B KPS

FE R 3 301 X R AR Bl 2 93 75 W] i R 1% 2 [
JA BTG ME . Masotti 25 (2005) & , A\ TCOF1
(treacle ribosome biogenesis factor 1) [A] i 2)) - [X
) SNP 2848, M T YY1 #53 K P45 & 3008,
M FRARIE IR ) 5 3 il P . A S B 2B 1 B
LA R ApoB B2 R R Bl 1 X HEAT T 10, K I g.-
112A>G {7 g7 T 5 K ¥ TBP 1 C/EBPa [ 45 &
FE B, TR AZ AT 5 0] BE 500 7 S PR - 5 I (R &5
G B R B ISR . s RS R BN,



X ApoB £ [F g.-112A>G HAZ H R Z S TEM DIRe %€ 50 i

Functional Identification and Analysis of ApoB gene SNP g.-112A>G in Chickens (Gallus gallus)

1927

% A ¥ TBP Al C/EBPa 5t ApoB 3 [K AN [] 25 fir % [A]
FE B A 87 VESC W AAAE 22 5, 5 T 45 SRAH W)
o BLAh, TEHR K, Fesx K 1 TBP M C/EBPa
T HAELE B ApoB B JE Bl - #1 T R 44 H AR
H , 18 75 %L Electrophoretic mobility shift assay (EM-
SA)F1 Chromatin immunoprecipitation (ChIP)%% 5256
(R — IR o

4 it

A% ApoB FE R g.-112A>G {7 15 & A=k Fa b
(HDL A1 HDL/LDL) M1 BW IR & 2 4 5% , [F i GG
BETRI 7Y ApoB HE DRI R 05 T AA JE IR A, e 5 [
T TBP 1 C/EBPo X T A S5 5 R 3 2l T PE 12
BEHEE R T GEMAER ., Fikgs BEH, X
ApoB 2 [l g.-112A>G 7 5 7] B A& Dy B SNP A7 55
AW TG T — 0t 9T ApoB B RI7E Jig 17 A= 4 K
BT SR AL TSI R

SE 3k
B, B, RS, &5 2017, 5% DKKI1 R R B 31 X 1

TR S L T BT (D). B AR R ST, 48(6): 1150-
1157.(Hu HY, Jia Q, Hou S K, et al. 2017. Cloning and
activity analysis of the promoter region of swine DKKI
gene[J]. Acta Veterinaria et Zootechnica Sinica, 48(6):
1150-1157.)

BREIR, k400, B35, 5. 2013, B8 3 Sael K 5 31+ 11
GER S hRE e A (0], v E AR o 5 00 T AR, 29
(10): 969-977.(Wei G M, Zhang J W, Wang D, et al.
2013. Promoter analysis of potato Sgtz/ gene[J]. Chinese
Journal of Biochemistry and Molecular Biology, 29(10):
969-977.)

WKIEE, HET. 2015, BRE A B3 K 2 S IE 3 AR
L[], 7R B RBL2, 35(5): 38-47. (Zhang P Z, Tian Y.
2015. Influence of apolipoprotein B gene polymorphisms
over effect of exercise on blood lipid[J]. China Sport
Science, 35(5): 38-47.)

kA . 2006. X ApoB FE [R5 A= K AR AL IR 9% R I B AE
FWFFTD]. Wt A A iR 3L, RABR ML R, FIm: 2=
W, pp. 46-47.(Zhang S. 2006. Chicken ApoB gene are
genetically associated with growth & body composition
traits[D]. Thesis for M. S., Northeast Agricultural Uni-
versity, Supervisor: Li H, pp. 46-47.)

Bava L, Rapetti L, Crovetto G M, et al. 2001. Effects of a non-

forage diet on milk production, energy, and nitrogen me-

tabolism in dairy goats throughout lactation[J]. Journal
of Dairy Science, 84(11): 2450-2459.

Dong J Q, Zhang H, Jiang X F, et al. 2015. Comparison of se-
rum biochemical parameters between two broiler chick-
en lines divergently selected for abdominal fat content
[J]. Journal of Animal Science, 93(7): 3278-3286.

Doo M, Won S, Kim Y, et al. 2015. Association between the
ApoB 151469513 polymorphism and obesity is modified
by dietary fat intake in Koreans[J]. Nutrition, 31(5):
653-658.

Glickman R M, Rogers M, Glickman J N, et al. 1986. Apoli-
poprotein B synthesis by human liver and intestine in vi-
tro[J]. Proceedings of the National Academy of Scienc-
es, 83(14): 5296-5300.

Greeve J, Altkemper I, Dieterich J H, et al. 1993. Apolipopro-
tetn B mRNA editing in 12 different mammalian spe-
cies: Hepatic expression is reflected in low concentra-
tions of apoB-containing plasma lipoproteins[J]. Journal
of Lipid Research, 34(8): 1367-1383.

Griffin H D, Whitehead C C. 1982. Plasma lipoprotein concen-
tration as an indicator of fatness in broilers: Development
and use of a simple assay for plasma very low density li-
poproteins[J]. British Poultry Science, 23(4): 307-313.

Hermier D. 1997. Lipoprotein metabolism and fattening in
poultry[J]. Journal of Nutrition, 127(5 Suppl): 805S.

Lamb M M, Ogden C L, Carroll M D, et al. 2011. Association
of body fat percentage with lipid concentrations in chil-

1999-2004(J].
American Journal of Clinical Nutrition, 94(3): 877-883.

Masotti C, Armelin-Correa L M, Splendore A, et al. 2005. A

dren and adolescents: United States,

functional SNP in the promoter region of TCOF I is asso-
ciated with reduced gene expression and YY1 DNA-pro-
tein interaction[J]. Gene, 359(1): 44-52.

Niu C, Luo Z, Yu L, et al. 2017. Associations of the ApoB
1693 and rs17240441 polymorphisms with plasma
ApoB and lipid levels: A meta-analysis[J]. Lipids in
Health and Disease, 16(1): 166-186.

Saxonov S, Berg P, Brutlag D L, etal. 2006. A genome-wide anal-
ysis of CpG dinucleotides in the human genome distin-
guishes two distinct classes of promoters[J]. Proceedings
ofthe National Academy of Sciences, 103(5): 1412-1417.

Wang A B, Liu D P, Liang C C, et al. 2003. Regulation of hu-
man apolipoprotein B gene expression at multiple levels
[J]. Experimental Cell Research, 290(1): 1-12.

(ERBE B )



