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Activity and transcriptional regulatory elements of the
promoter in Arctic fox (Vulpeslagopus) p-defensin103 gene

Min Guo, Ziya Zhao, Ruining Wang', Xiaoning Zheng?, Yongdong Peng', Zhengzhu Liu,
Xianglong Li*, and Yuanfang Gong"

1 College of Animal Science and Technology, Hebei Normal University of Science and Technology, Qinhuangdao 066004, Hebei, China
2 College of Animal Science and Technology, Agricultural University of Hebel Province, Baoding 071000, Hebei, China

Abstract: The aim of this study was to screen the active regions and transcription factor binding sites in the promoter of the
CBD103 gene related to Arctic fox coat color, and to provide a basis for revealing the molecular genetic mechanism of
CBD103 gene regulating the coat color formation. The 5'-flanking region fragment 2 123 bp of Arctic fox CBD103 gene was
cloned, and 4 truncated promoter reporter vectors of different lengths were constructed. The promoter activity was detected by
the dual-luciferase reporter assay system. Point mutations were performed on the 3 predicted specificity protein 1 (Spl)
transcription factor binding sites in the highest promoter active region, and 3 mutant vectors were constructed. The activity
was then detected by the dual-luciferase reporter assay system. The results showed that the region 1 656 (-1 604/+51) had the
highest activity in the 4 truncated promoters of different lengths, and the promoter activity of the three mutant vectors
constructed in this region were significantly lower than that of the wild type (fragment 1 656). The region of —1 604 /+51 was
the core promoter region of CBD103 gene in Arctic fox and —1 552/-1 564, —1 439/-1 454 and —329/—339 regions were
positive regulatory regions. This study successfully obtained the core promoter region and positive regulation regions of the
Arctic fox CBD103 gene, which laid a foundation for further study on the molecular genetic mechanism of this gene regulating
Arctic fox coat color.

Keywords: Arctic fox, CBD103 gene, promoter activity, transcriptional regulatory element
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pMD19-T Vector, Kz #f1# Escherichia coli DH5a
2SN . S SRR &R T4 DNA 4 H2 il 1
H Ki% TaKaRa A H]; 2xTransStart FastPfu PCR
SuperMix #1 TransStart Taq DNA Polymerase Ilj) H
It eXEGEYHARGRAF; TRIzol 15 £ .

JRAE W . FRAIPENYIEE . miE . Lipofectamine
2000 %% Yeik 7] ) Opti-MEM £ 7 % 3 1l H
Thermo Fisher Scientific A (3£[E); ik DNA
NS BUR AR & . TN EER TR, DNA Kt
PEHGAF G DNA i [RNGR & B RARAE A
B (b)) ABR/AH ; D-PBS Al DMEM #5375
(FETR) W9 Hyclone A /] ()M, Aszigy

®1 AXHERBSIY

Tablel Primersusedinthisarticle

Pra NEPER A ZREAME AR (A375). N F K
Y FR (293T). Bk #L (A& pRL-TK F1 pGL3-Basic.

1.2 4tRIN CBD103 EFH /B 5 FHY 72 fE 1
PR T 1S A5 I AN CBD103 SE K )7
41| 2 327 bp (4% 5'MF X 2 071 bp. CDS X
204 bp. 3MFEIX 52 bp), FH-HJHAEYFEE ¥ Tr
WX B X R R TR T T B AR
25, BB IR % 65+ _F i 2 000 bp £ 47 1T
FIE M IS 3 F XIS 9 (% 1), PCRY™
4 ANER F B (K1), o f#FH Primer Premier 5.0 %X
PRI BRI N DI S . PCRYTIEIAR (50 uL):
HAFHZ4 DNA 1 pL, 10xPCR ik (Mg

Primer name Primer sequence (5'-3') Annealing temperature (°C)  Extension time (min)
2123F GGACGCGTCCCCAGTAGAGGAAAAGTG 57 2.0
1656F GGACGCGTACTCGCTTCCTCCCTCATTT 57 2.0
1178F GGACGCGTCACGGCACTTGTCTATCTGT 56 2.0
559F GGACGCGTATTTCCATTTCAGGCACACC 58 2.0
R CCAAGCTTCAGGCATCAAGAACAGCAAG
Mut-Spl-1-F  GGCACCTGAGTTGCTCATTAG
Mut-Spl-1-R CTAATGAGCAACTCAGGTGCC > 05
Mut-Sp1-2-F  TCTGTGCTTACTCACGCATCT
Mut-Sp1-2-R AGATGCGTGAGTAAGCACAGA > 05
Mut-Sp1-3-F CCCAAGAAGTAGGATGTTTTC
Mut-Sp1-3-R  GAAAACATCCTACTTCTTGGG > 05

Note: the underlined and thickened bases represent restriction sites and mutant bases, respectively.

=2200 -1800 -1400 -1000 —600 =200 +200
[ I I I I I 1 1 I I I ]
=2400 2000 -1600 -1200 -800 —400 +1
2 23 bp -2 071/+51
———) | 656 bp —1 604/+51
—— | 78 bp —1 126/+51
) 559 bp -507/+51

1 de#RIN CBD103 £ E 7N B shF F R
Fig. 1 The predicted promoter fragment of Arctic fox CBD103 gene.
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Plus) 5 uL, dNTP Mixture (2.5 mmol/L) 8 uL, I
514 (20 umol/L) 1 uL, TF514 (20 umol/L)
1L, LA Tag DNA R4E (5U/uL) 0.5 uL, X
ddH,0 33.5 uL . f#i ] JASPAR, AliBaba2.1,
Nsite, Cluster #1 Signal SCAN 7£ 4k [ 3 T 5
FXEFEERFEEA RN (R 2).

13 MEREEREIRBERGSENE

B[R B2 HBEf PCR 4 184 7= 4 3% 45 3
PMD19-T kA iy et 2l 7epE 44K pMD19-X.
23 W PCR %8 AP RRE S 6 A T AR T
() B A B FI Y . E A v R A A
pPMD19-X K pGL3-Baisc A 47 3], ¥+
a5 = )% 4 & pGL3-Baisc H 4% pGL 3-Baisc-X
A A

14 HWEREERTHK

4y 1L) 1656F #l Mut-Spl-1-R, Mut-Spl-1-F
Ml R, 1656F fil Mut-Sp1-2-R. Mut-Sp1-2-F #il R,
1656F #1l Mut-Sp1-3-R. Mut-Sp1-3-F #ll R A 5|4)
(% 1), L) pGL3-Baisc-1656 Jfiki ity , it &
FYEM PCR EARY 1 L FiiE =9, E&IEM PCR
PIIER (40 pL): HFABIBTRIBIAR 2 pL,
2xTransStart FastPfu Super Mix 20 uL, [ Fii#5]
¥ (20 umol/L) £ 1 uL, KE ddH,O 16 pL; ¥
IR YRGB M AT IO R T A R A,
IR -GW BN, LL5|¥) 1656F Fl R & 14 2815 2
ek B, PCRYMIKR (50 pL): HPEA
PIREHL 2.5 ul, 10xTransStart Taq 2%k 5 L,

® 2 HERETFINM GG

TransStart Taq DNA & 0.5 uL, dNTP Mixture
(10 mmol/L) 1L, RS 14 (20 umol/L) 45 1L,
K ddH,0 39 L .

15 NAEREEMETE

FIF Lipofectamine 2000 fi5 FiiA /3 Hl¥s 94 6 %
Tt 45 J5 PR Sk pGL3-Baisc-X Fll N2 itk pRL-TK
— A YL 293T Il A375 Ak, $5YL4fil 48 h
SRR AR, 4 BEOBUE S 22 ARG I 35 & 1 ]
Xof 3 R 2 -0 P EA TR o el R R AR U
PGL 3 BT A H1 3k U R BE M, 32 H EUE h F,
Rl pRL-TK UKL H IR 2 R BE M, 324k
H4 Ro H F/R I{E AR B JE 3l 1 A&

16 Zitoth

FIFH SPSS 24.0 A4 iy B IR 5 T 25 43 i v
AN TRIAS W R B 1) Ji 30 T M B0 AT G 2 4y
Br, P<0.05 &R 2 57 &M, P<0.01 3R 22 57tk
BEE,

2 HER5A

2.1 JetRIN CBD103 & [E B B TRk 2 A BT
IS

DIZERZH DNA HfEfk, XFdEiJk CBD103
i PRI 2 I 2 XS AT AN [ 2k v Be 1
A3 B 1-4 ¢ 2123 bp (—2 017/+51) .1 656 bp
(—1 604/+51). 1 178 bp (-1 126/+51) # 559 bp
(—507/+51), 1.2%35% A5 W 56 M H vk A 0 45 2R I
Bl 2, P3G 5 /N S U AR— 2.

Table2 The prediction websites of transcription factor binding sites

Software Website
JASPAR http://jaspar.binf.ku.dk/
AliBaba 2.1 http://gene-regul ation.com/pub/programs/alibaba2/index.html
Nsite http://www.softberry.com/berry.phtml ?topi c=nsi te& group=programsé& subgroup=promoter
Cluster http://zlab.bu.edu/cluster-buster/cbust.html
Signal SCAN http://www-bimas.cit.nih.gov/mol bio/signal/

http://journals.im.ac.cn/cjbcn
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bp MI 1 2 3 4 M2 bp

5000 —
3000 —
2000 — 2 000
1500 — 000
! 928 _ 750
500 — 300
] 250
%(5)8 - 100

2 JeRIN CBD103 HF B &FiHkk FE PCR =4
EERZEB K

Fig. 2 Agarose gel electropherogram of PCR products
of deletion fragments in Arctic fox CBD103 gene
promoter. M1: DL5000 marker; 1: 2 123 bp; 2: 1 656 bp;
3: 1178 bp; 4: 559 bp; M2: DL2000 marker.

2.2 dctRJN CBD103 EFE B & FR A RERIA
E3REN: Ok aF e
fdi 7 T4 DNA 45 BpR AUG U 5 14 R B %
| pGL3-Basic [fiki I, #4458 B o e R iR
AR HATRE (K 3 AIA 4).
2.3 dcARIN CBD103 E & 5'uk FF 51 B 5E 1% 43 #fr
¥ a g Fo e R MR B AT S pRL-TK
JFokE AL [R5 gL 2= AB75 I 293T 4R, 6 X ¢

bp MI 1 2 3 4 M2 bp

5000

3 000

2 000 2 000

1

0
750 750
500 500
250 250

3 JLARIN CBD103 EF TN REgFRIAH Ik PCR /=
DB B B IK

Fig. 3 Agarose gel electropherogram of PCR products
of luciferase expression vector in Arctic fox CBD103
gene. M1: DL5000 marker; 1: 2 123 bp; 2: 1 656 bp; 3:
1178 bp; 4: 559 bp; M2: DL 2000 marker.

&: 010-64807509

bp

5000
3000
2000
1500
1 000

750

500

250

100

4 JE#RIN CBD103 £ [E 7N REgFRIA K 4 W E 1)
F= 4R B LK

Fig. 4 Agarose gel electropherogram of double-enzyme
digestion of luciferase expression vector in Arctic fox
CBD103 gene. M: DL5000 marker; 1: 2 123 bp; 2: 1 656 bp;
3:1 178 bp; 4: 559 bp.

JEEHEE (K 5), 4R8N 4 MR TR A
B ol 2 I8 15 AR SR A Y 1 P 400 6 194 35 1
ARG S — 2 BRl SRR 2 123 (-2 071/+51) 5
pPGL3-basic I MRZIHIIL 25 ¥ (P<0.05) b,
Hofth 3 ANJE 8hF v B i 1k 5 0] BR A e Asc 22
Wi (P<0.01); 45 1 656 (-1 604/+51)
TE RN A A R (5 PR e, HUS A 3 AN B
VAL, B2 R R % (P<0.01), RUIZXI
A SE B B0 R 3 K

# 01293T
Earr 0 A375
1pF o

ol Ui

C2123 I Cl656 C1178 (559 pGL3-basic

E 5 4biRI0 CBD103 EFH B & FRIAE AR A
REEME

Fig. 5 Relative luciferase activity of Arctic fox
CBD103 gene promoter expression vector. *: significant
difference compared with pGL3-basic control group
(P<0.05). **: the difference was extremely significant
compared with the pGL 3-basic control group (P<0.01).
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41
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2

Relative luciferase activity
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2.4 JeiRIN CBD103 #FH %L B EFXEERE 2 B N
FHEALAAH HF &S &
TP 22 i K 243 3 020 e 3 & R T

TIX (1604151 HEE A T4 4 (At TR A T

Wi, soseeso s — R s
st (k3. pbwran e, — - T s
—1 439/-1 454 F1-329/-339 v B f£-1£ SpLLE SN o m 8013

mut-Spl-

25 JEtRIN CBD103 EE#z LB FXERE m GL3-1 656

FEA (LA Spl SR ATEI A ’

EAAL RS BT SR (| 6), M S Fig. 6 Illustration of the mutation of transcription
(& 6)

PCR $i A1 | T i | Wit skik (& 7) factor binding sites of Arctic fox CBD103 gene. .

I ) ' transcription factor binding site; .. mutation.

AL AN WL 4, 535144 pGL3-Baisc-1656

FRRF R AR R AL YL 2 A375 F1 293T 4, It bp M 123456789

XA S FIE R A I, S5 R RN, AHETE A

TR 1656 (-1 604/+51), 31> Spl 454 bR

5 IS B AR R 3 TG PR A B 3 T (P<0.01) 2900
(4 8). %
250

100
*3 BRETHEANRIN

Table3 Analysisof transcription factor binding sites

Transcription Software and database

factor binding . . .

Sites Cluster Nsite AliBaba2.1 Signal scan

~1586/-1575 Mef-2 e "

—1552/-1 564 Spl SpL 7 JLRIN CBD103 £ FE B &) FREFAI Y 1

~1439/-1454 Spl  Spl Spl Spl Fig. 7 .Amplification of CBD103 gene promoter mutant

11691 160 OCT-1 in Arctlcf fox. M .DL-2000 m(zjarker, 1 I\/Ifut-Spl-ll

_681/-672 USE ;.pstr,\(jlar? Sralgr;ent, it Mut-S;le-l ov;/.nstfamMratlgmelntz,

—564/-555 NF-1  NF-1 : Mut-Spl-2 upstream ~fragment; 4:  Mut-Spl-

_399/-339 i 1 downstream fragment; 5: Mut-Sp1-3 upstream fragment;
Sp Sp 6: Mut-Spl-3 downstream fragment; 7: Mut-Spl-1; 8:

—146/-137 CREB CREB

Mut-Sp1-2; 9: Mut-Sp1-3.

& 4 JLARIN CBD103 HEF#REFHA AR RTHIGEER
Table4 Comparison of transcription factor binding site mutationsin Arctic fox CBD103 gene

Gene Transcription factor binding site Pre mutation sequence Mutation sequence
CBD103 Spl (-1 552/-1 564) GGCACCTGGGCGGCTCATTAG GGCACCTGAGITGCTCATTAG
Spl (—1 439/-1 454) TCTGCCCTTCCTCCCGCCTCT TCTGIGCTTACTCACGCATCT
Sp1 (—329/-339) CCCAAGAGGAAGGGGGTTTTC CCCAAGAAGTIAGGATGTTTTC

Note: the underlined and thickened bases represent mutant bases.

http://journals.im.ac.cn/cjbcn
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[]293T
O A375
% ok

L s

Relative luciferase activity

1656  mut-Spl-1 mut-Sp1-2 mut-Sp1-3

E 8 dJt#RIN CBD103 HFE R 7 ahF ik & A tExt
RN REEEMLE

Fig. 8 Relative luciferase activity of expression vector
carrying mutant promoter in Arctic fox CBD103 gene.
**: the promoter activity of wild-type 1 656(—1 604/+51)
was significantly different from that of the luciferase
reporting system (P<0.01).

3 Wik

I RR AR =k = KR HEHEZz—, H
Tt PR T 2 B B K i BRR L2 A (8
E5J L7/ B SR N 0PI 790 e S ¥ (-l PN B ok I S P i
BB O A HLEE 143 52 209, 1B 37 RNA
REBHRA . 45G I 5E0—B DNA J¥41,
AR T P R R A TG o, HTe ey ok
M, K WEFLA SOERMEL . FHESF
BREF R 1S 2h 7 AL T PCRECAR Te B I 3
TIEAE, XEEHERAEA Y SR AR B TR R R
o FHT BIF ST B T o BERAL & A e St 1R
07 U X3 5y B PP 2 2R, AT e
TSS. ATG J 4> CDS Xk #25 b= At
ST EAAS T AL IR CBD103 2[R j 8 1741,
HET 4 ARG sh 78Uk i BRI EIA,
WAL RS W RGN Sh s, AHE ) ol
FHINREFHINI B . SRMFE-1 604/+51 XikA
JEHAR CBD103 S A% R B F X, [RlEf XTI IX
BRI TN, 5K BRI A 3 A
Spl (-329/-339; —1 439/-1454; —1 552/-1 564) ##
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SR TLEA LA IO E KR TYR R 1M
JERIR . K3 TYRPL ZERIS2 i b KRS | b
AR, IL2E . KEE PMEL £ P24ch i 1 3 F X
WORIAEAE Spl X —% kA ¥, Spl CHIIESE &
— P BE S M SR dh 1 S R 0E T T
FAEZMIRER TS 5 AR MRS, W
CAAT HE . TATA HEFI GC HESE, CAAT HE & H A%
A 3 DR P Sl A7 R X, i e S b
AR TATA s SEIR LSRR IR i k4%, I
FIE 52 1) 7 SR 10 806 5 GC HE =2 B2 43 A 70 5% Sl fi o7
FUAT—128/-23 bp XN, — i T CAAT HERY M
N TATA HE F i, BEMsZs 4R &N spa®. A
HFAE L FIE R b CAAT HEZAELE T TATA HE |
W, WIZIEDR A 2 0 o th B IRAR TP b
AR CBD103 A5 3l XA T4 i 4T I &
M, ZEE R TE [F]— XA 7E GCHE (—1560) 7l Spl
(-1 552/-1 564) ¥ EHFLEA LN, #HEN GCHE
Rl RB S S T Spl 25 6T R AR EL SRIEVER, A
JEAR CBD103 K A% .0 shF IX [ E $2 f1=
% W kI Spl BT R IR RE 8 i 2 AR UL
AR SKIP J5 3736, Spl it GC HEXT 5 AL
2 1f 53 3t A SKIP 3 P )2 SRl A LE R A
FP e O FLIRR I B SE P R B, Spl X
FOXF2 SL[R i 8h i 3G = 52 2] DNA H
FeAb I RZ e, Spd AT LA 5E JG B0 A 43 H 3 Ak
1) FOXF2 JE [R5 sl T4 s idi ik, W o84 R R
Jet Bl TG SR T TCRE M, 3 4> Spl F S4B v
BB RAE (-1 552/-1 564, —1 439/-1 454 i
—329/-339) #FfgfE 13tk I CBD103 Jk [ 5))
TR TEPE W R, HEWTLL L 34 Spl B St HF
gEA 0 A AL IR CBD103 Kk B i 1F 8 45 X 3

R T — I R T Spl HAbAAK CBD103
B 2Z 0] (e SRR PE DG Z2 . 3 ok mI R e €8 )5
P L PIE (ChIP) FIEEM T 7% SE 5 (EMSA)
PEAFIRAIE, 5 A B AR SR S o7 r 4
(%% SR T Spl 45 G o7 s 7B SE R B S s v i 2L
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PR FASOGE e LA 2 B3 HG ] g e
FE W) B (R PR BT A A

4 HZh

AWFFERE T 4 S U CBD103 K]
53 AN [\ 4 BE B 26 J5 3l R Be i 96 't 3R il 15 Bt
Nk, #iE 71 604/+51 X h LA IR
CBD103 A JH ¥ X 5 A WF B ik
5 Hi—1 552/—1 564, —1 439/—1 454 F1-329/-339
WMAFTE Spl B sk a5 G0, XL E 344G
P HEAT A R AR FIIE PRI, S50 R b 34
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