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Sequence analysis of transcription factor CTCF and its regulation on tran-
scription activity of NR5A1 gene in Hu sheep
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Abstract: Transcription factor CTCF plays an important regulatory role in growth and development of animals, but its
sequence characteristics, tissues and organs expression and function in sheep are still unclear. In this study, CTCF gene of
Hu sheep was used as research object, the full coding sequence of CTCF was cloned by RT-PCR. The result showed that the
full-length sequence of CTCF was 2 187 bp, encoding 727 amino acids and containing 11 consecutive zinc finger domains.
CTCF gene was widely expressed in various tissues and organs of Hu sheep, with a relatively low expression in uterus and a

relatively high expression in stomach. Predication results showed that the intron (the 393 bp fragment before translation initia-

tion site ATG) of nuclear receptor NR5AI gene contained

o7 B #:2020-02-24 three CTCF binding sites by the JASPAR online software.
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The results of dual luciferase assay showed that the tran-
scription activity of NR5AI gene decreased significantly or

extrenely significantly when the CTCF binding sites were

SR B R 5 A IOTSE. (E-mail) liyxmh@ mutated, indicating that CTCF participated in the regulation
jaas.ac.cn of reproductive performance of Hu sheep by regulating
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WS, e 5 f . CTCF 45 & 7 4 B A 1/ 5% A5 Al
NRSAL J7 5 1 9 0 3 i e 5 #01K, #F 98 CTCF X
NRSAI 1S PERIRE IR f# AT CTCF X551 2¢ NR5AT A
IR ER

1 ARSIk

1.1 REzh

RIS REE O A PR AR S LA BR A F)
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RNA , 3 J] HiScript 11 Q RT SuperMix (iM% /E %)
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JH Primer Premier 5.0 BA4-5cik11 2 ¥ CTCF %
(JFH5 . XM_027978089.1) ¥ 71514 P-CTCF1
M P-CTCF2 , TP I F CTCF Ht%IX ; Fi% it P-
CTCF3 51, Lk B-actin N Z (3R 1) #4711 F
CTCF SR BFRRTE SE . 519 i g st R
WA BRA FG B, 5 ARG R B 1,

DA LA LU, 941 CTCF 2R g
X5 5 DAISE A G 2N 5 SR 1 cDNA S AAR , LA
B-actin HNZ: P WAFLLI CTCF FEH KXt B-
actin ,JAHTISE CTCF JE A 1€ 3K 1% . RT-PCR X
NARZR A 20 pl, F ik DNA 3(# cDNA 60 ng 1.5
TM2X High-Fidelity Master Mix ( 74 & %R} 4= ¥ BL 5
HBRAF ) 10 Wl 51497 (100 pmol/L) 1 wl, K
PFIWZE K 2 20 pl, PCR ¥ 3 F2)7.98 C WAL 4 2
min;98 C7ZEME 10 5,53~58 C(F 1)iEk 105,72 C
FEAH 2 min 35 MER ;5 72 CHEM 5 min,
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SalEI 3 AR A4S 19 7 51 7€ NCBI ) ORF Finder
(http ://www. ncbi. nlm. nih. gov/projects/gorf/ ) H 1
FFIFRE A L HE T30, 3 ) DNAMANG. O % 14 5 17 2
5 IX 7 51 B35, FH SMART ( http : //smart. embl-hei-
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BN TEE A
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K 481 bp) , 3 F pMD-19T ik |-, B st R R
YRR FR2A w1 4858 J5 345 pMD-19T-NRSAT %
., FIWNYIEE Nhe T F1 Hind T XUEE)5E G R BT S
AR (pGL3-basic) F1 pMDI9T-NRSAT, H i A BV Jise
WIS T4 M%7, e Ak DHa JERSZ 25 4t
2 7 5 3545 pGL3-NRSAT #4844
1.5 ARTHEHE

PIZRAS () pMDI9T-NRSAT Ji Hi by A5 A, AR 3
TaKaRa MutanBEST Kit 5141 i1 =BT 3 X 5/ %
LR 37w 5 I AH B 5 1 L3 AR S s () el
HE - E DNA -4 ( Pyrobest DNA Polymerase ) #f
1T PCR ¥ | ¥ $: F0 5B DNA #%1k, 94 3 4
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NRS5AI £ CTCF 454 13 5878 pMD19T-NR5AL-
TUL ., pMDI19T-NR5AI-TU2 F1 pMDI19T-NR5A1-TU3
Ak, N YIEE Nhe T F1 Hind TIT 3 50 3B 586 2%
T 41 45 2% 4K ( pGL3-basic ) 1 pMD19T-NR5AI-TUI |
pMDI19T-NR5A1-TU2 FI pMDI9T-NR5AI-TU3 # 4K,
F1 FHRBHERT Y

Table 1 Primers used for amplification in this study

H AR B e [ T4 3% 42 1 3% e 0 i, Ak
DHao 352 25 40 ML, W ¥ %5 28 J5 3K 45 pGL3-NR5AI-
TU1 ., pGL3-NRSAI-TU2 Fl pGL3-NR5A1-TU3 % &,
SR 1,

514 BRI (5'—3") ot e g

P-CTCF1 F:GAGGCTTGAGAGCTGAGTTC 55 1151 CDS ¥4
R:GCACTTGTGAGGACGAGTAC

P-CTCF2 F:GGGCAAAGATGTGGATGT 53 1576 CDS ¥4
R:ACACAGCCCAGAGCAGTC

P-CTCF3 F:AGAAAGACTTACCAGAGACG 56 250 RT- PCR
R:CCTCCATATTTACAACCTGC

P-B-actin F: ACTTTGGCATCGTGGAGG 58 379 RT-PCR
R:GAAGAGTGAGTGTCGCTGTTG

P-NR5AI F: ATAGCTAGCCTTAAATGAACGAATCCG 58 481 FEH WA
R:CTAAAGCTTATGTGAGCAGCCCGTAGTGG

P-NRSAI-CTCF TU1  F:GAGCCCCTGGGAGGGTGGGGAGCGGGCGCGGCGGE 55 481 POLR MR
R:CTCCTGAGTGGCCCCTTGAAGCGGCCGACCTGGGA

P-NRSAI-CTCF TU2  F:GGGGAGCGGGCGCGGCTTTGCTGCCGGGACAGGGC 55 481 TR A
R:ACCCTCCCAGGGGCTCCTCCTGAGTGGCCCCCCAC

P-NR5AI-CTCF TU3  F;GCCCAGGTCCCCCTGCATTGCCAGCGGCCGTCCGG 55 481 PEHR WA A

R:GCGGTGGGTCCTGCGCTCCGCGGCCGCGCGGCCCT

TR A B

1.6 ZAREEELFNR S EEEENE

203T AL ICEI A 10% a4 1M 3 [ P2k« it
JRBHE (D A BRA W ] 100 U/LZCR /1Y ER
RPN R RBE (P ED ARA R 6] 1Y
DMEM ( Dulbecco’ s modified Eagle’ s media) 15373
(112 LA, 7E 5% CO, 11 37 CH 3R 15 37 240
MIC A E85% ~90% K, i Lipofectamine 3000[ $§
BRCHRBHEL (P D A R A ™ ] 43 i G 25 4
pGL3-basic NR5AT BF A= BUZEAR pGL3-NR5AT F1 3 4~
CTCF %54 0 j5 58 A8 W0 NRSAI 35 4& pGL3-NRS5AI-
TU1 ., pGL3-NR5AI-TU2 . pGL3-NR5AI-TU3 T 44 Jifs
H LS 48 h ISR AN AR T OO ER B M E
1.7 HESH

IR ZE R 8 + bR 2238 ] SPSS16.0
BRAE o K38 HEAT Bl ST AR AR G 4 BT, H One-way
i ANOVA ST 2 LT .

2 GER G5
2.1 3 CTCF EEHMBEXF 518
DITWAE 00 B 20 20 cDNA AR A, 2 XRS5
Yy B8 CTCF 9% X 51) , 1% By i W B I riL Kk
R A 30 2 5% 5 | 40 A6 ) = v Y A RE R R (A
1), VIR IR SCI 3 J5 18545 1 910 bkt Fn B 42 , 75 2100
F CTCF JEHA WA GibSIX CDS ¥4,
2.2 #¥E CTCF EREF 545 ED 7
WFARAFH CTCF J7 5 FHE L4 44 (ORF Find-
er ) TN & 3, 2 B 4 F ik ] 12 HE B2 A2 187 bp,
Sty 727 AR IERR IR A, SMART 754 15 % i)
F CTCF Jmis iy 1 i 5 HA i 2L oh ) —H & A
11 AN FELE RS G5 M, 11 AN 45 37 4 51X
ISR UL EE 2, I CTCF R Em L sh b =
JELRST
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M1 1 M2 2

10
5000 bp 7888%%
i oy
p
T 500 bp 2000 bp
1 000 bp 1151 bp 1576 bp
750 bp 1000 bp
500 bp
250 bp 500 bp
100 bp

250 bp

1.2 308 2 X5 | YRe e 948 v By M1 A M2 23 BI483R 5000

bp 1 10 000 bp marker,,

B 1 #%¥ CTCF EENEFH B ikE

Fig.1 Amplification and electrophoresis of CTCF gene in Hu
sheep

%2 #% CTCF A ZnF-C,H, &£Mg i E
Table 2 The location of ZnF-C,H, domain in CTCF protein

I OL I (nt) BRI (nt) EAfH
266 288 0.000 122
294 316 0.007 260
322 345 0.000 688
351 373 0.005 140
379 401 0.002 090
407 430 0.202 000
437 460 0.094 400
467 489 0.076 700
495 517 0.033 400
523 546 0.025 300
555 575 12.300 000

23 CTCF EREHFALAREDHIRIE

RT-PCR J5 ¥4 CTCF H& R 76 W) 215 B
B OWUNE HE CERE B UL E N R K i A
10 ML E R RBE, 2R LI CTCF HEA
FERRINAY 10 MW E AL E iz Rk (B 2),
FEFE R AR, B Ak A B
GEi ot R BT E R AT CTCF 33k
HPEMTHEE S A mEHZ (P<0.05) (K
2),
2.4 HRETF CTCF BI=#=E NR5AI EEE S
2.4.1 #F NRSAI A W& FALSILE ATG AT 393
bp %) & ¥ LI SE DNA AR, §7 3% W ¢

1.0

0.8
= 06
#K
=04
=

0.2

O S T WE AP BIE § WL W N

HLAY
ANR/NG FRFRR 2R B3 (P<0.05)
B 2 #¥E CTCF ERARRZERIE

Fig.2 Tissue and organ expression of CTCF gene in Hu sheep

NRSAT FE B U507 55 ATG H 393 bp 2 ATG J&
85 bp (11 481 bp) 1 F B, )7 J5 Ho X oAt & B
551905 75 = E—30, JASPAR 4 4 B 78
BIRE IR0 S ATG BTRY 393 bp H BEWNAEAE 3 4%
ST CTCF 560 (B 3)

2.4.2 CTCF B3 ¥ NR5SAI AR #FER  WE
W1°F NR5A1 FEIH ATG B 393 bp % ATG Ji5 85 bp 1Y
Jr BB A RS R s 2R pGL3-NRSAT F11 3 A4
GRAS VYN R W A5 34K pGL3-NR5A1 TU1  pGL3-
NR5AI TU2 .pGL3-NR5AI TU3 (& 4A) . ¥ 4 1%
G ZE R AR AR Y 293 2L, AUE O 2 RS )
GRS 2R WG, S5 (4 B) R —A>
CTCF s A 45 6 0 53 578 J5 9 G s MR B, (.
S5 A RUAH F 2% AN B 5 A CTCF #65¢ A
FEE NS G, PN RS B A AR L B T
F(P=0.042) ;55 =~ CTCF %% 5% [N 7454 17 155
A Je, PO TE M S B A AR e B R R (P=
0.001) , UiMAHEIKNF CTCF 2 5 8¥2W=F NR5AI
DR ) SR TR R

3 17 8

kP CTCF s A K AR &b &
P B/E U CTCF 38 5 40 ) S100A1 I 3
RYR2, M 9 i C AL AL B4 P9 J5i 0 o7 8 R g 727
CTCF B4 IRRGIC A2 CTCF 75 NN RG %
At R 3D Yo T 45 4 g S b B G E
CTCF 4% 330/ R K ik & B H PUMA (3% P53
R A U T e SR ) B N R R K R
.]\:-[23] .

5T &L CTCF RI R HES ) KMk 0o il A8
DU FIAILIA % B 452 AR o8 4 2% B 81 ik
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AATCTGACAG

TGGGGAGCGG

TCCCAGGTCG

GCGCGGC GGG

GCCGCGGTGG

GGGGCGACTC

CTCF
AGTGCCGGGA

AGCTGCTCCG
AACAGGCGTC
CGCCGAGGGC

CCAGCGGCCG

CTCF
GACACATGTG
CTTGACCACC
CGCGCGGCCG

TCCGGCTCTG

CTGCTGTCGC
GGCGCTGCGG
CGGAGCGCAG

CCATGAACCT

CAGGGCCAGC

CTGCTCAGGG
TGGGGCCCAG
GACCCACCGC

CTCCTCCCTC

AGGAGGAGCC

AAGGGCCCCG

CTCTCACATA
GGGCCTGCCC
GCCCAGGTCC

GCGCATTT
CCTGGGAGGG

CGCGCACGGG

GGGGGCCTGC
GTTAGCAGGG
CCCTGCACCA

CACAGGCGGA

CGCCGTGGGC

CTCF

+1  ATG

TRIZFRF R HF CTCF 45005, + 1 FoR BRI A,
B 3 NR5A1 EE ATG B 393 bp F 3 REREF CTCF L& afn
Fig.3 The 393 bp sequence amplification before ATG of NR5A1 gene and prediction of CTCF binding sites

A CTCF — I_.
CTCFmutl —.— I_>
CTCFmut2 —. I_>
CTCFmut3 —_— . I_’

kk

H I —
e 1.0 —
& ——
%i 0.5r —
S
0
a b c d

A CTCF %% 5 [N T 28 A 5 A B 7R 5 8] B CTCF 5% 5 R 7 X3 191 2 NRSAT R P GHE PRS2, 18 B #F, a; NRSA1-CTCF; b NR5AI-
CTCFmutl ;¢: NRSA1-CTCFmut2 ;d: NRSA1-CTCFmut3, s Fl s 20 3R 22 5 B E M 22 A B3,

4 #HFEEF CTCF fiEi#¥E NR5SAI EEFEFEE

Fig.4 Regulation of CTCF on transcription activity of NR5A1 gene in Hu sheep

7~ CTCF FERTEM E AN E )z Rk, 2
— PR AR IR LA $E R T RETE W SE 45 AL 4
YR HEENREEN, 5 MRS R —
ﬁz[m-zsj .

NS0 AT g N B I £ 0 A Y
CTCF LR35 O v B, AR F 0 B IR v B A5 W
CTCF FRt5 X 2751, Xt &3 CTCF 2t () &
TARESR 11 AR, 5 FLsh ) —
., CTCF 5% K — i i A 3 25 7 450 58
454 DNA 9 15 bp BoD JE P PRl N kY {3
CTCF "By 11 MBS M e R R Fh b 2 58 1
HOJE DN 1 T et B AT AN [, e S IR 7 CTCF i 40
FEH c-mye FERIBT, 55 2 25 7 B8 45 8T T35
c-myc FER VA7 55 e & BT, M 3 25 7
PEFR A O FE SRS B N e-mye FER A A A2
MY BEIEE S T CTCF 3 5o A [ 5% 45 45 1 15,
5 [R] DNA #7525 5 2 5iREZ Fh A W) 2% 3)
RE R MR T,

HE—EWF5 & B CTCF 32 55 FE IR [ [X e F1
BRI AR IG5 T —FEVE R A o A 3 A
F3k09 | CTCF Mt 5 FMRI 3:H B 8 TIX 4
TIXHIN T 2 4B S 5 FMRI 5L 54
707 S BCLe BN — N & LA S 5 iRE
FE PRI S RN R W3tk A5 44846 Y CTCF 5 41 it g
BE(CMV) MIE PN &1 A 456 1 2 A 1 il
MIE JEH A MR R R AR . NRSA1 2
ZAR NRSA FWGEEZE MR 2 — , 5 FLsh Pk A
B BNk R A R R D) R e
W B 5 I BE R B T A T I FEE
HR IR NRSAT JEDAE DR S0 4 = 2R3k, 2 4
FrE M BB S 2 T STRACE 5k
e 5 HUIG SRR AR AV 0 5 R IRE RS B 6 4 (ATG) TR
—ANKBE R 424N FAEAEDS AT REXT NRSAL
WG S R FE VAR . AR R I H) NRSAT FE A
ATG i 393 bp H B TN & FH, 16 393 bp A
BHFAE 3 A CTCF % 56T 455 07 s, 96 R G
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