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Abstract: The purpose of this study was to investigate the effects of the methylation and SNPs in

DCT gene promoter region on the coat color of goats, and to provide a theoretical basis for explo-
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ring the mechanism of DCT gene regulating the coat color of goats. Goats were used as experi-
mental animals. The CpG island in the promoter region of goat DCT gene was predicted and two
pairs of primers were designed for bisulfite methylation sequencing of the two CpG island en-
riched regions. Methylation level online analysis software, BISMA, was used to count the num-
ber of methylation sites and to compare the differences of methylation levels between Tangshan
dairy goats(with white coat) and Nanjiang Huang goats(with black coat). Core promoter region
sequence of DCT was cloned and SNPs were screened for goats with different coat colors. JAS-
PAR and Nsite, the transcription factor online prediction software, were used to predict the tran-
scription factor alterations with the mutation of SNPs, and promoter activity variation with the
mutation of SNPs was detected. The methylation sequence and the core promoter region sequence
(g. — 1045 - —318) of goat DCT gene were successfully cloned. Six and 23 methylation sites
were found in the g. —348 -— 150 region and the g. +222-+502 region, respectively. The methy-
lation levels of white goats at the g. +312, g. +352 and g. +400 sites and at the g. +389 and
g. 404 sites were significantly and extremely significantly higher than those of black goats (P<C
0. 05 and P<C0.01), respectively. And the average methylation level of white goats in g. +222-+
502 region was extremely significantly higher than that of black goats (P<C0.01). The genotype
compositions of the 3 SNPs in the core promoter region, g. —804 T > G, g. —705 C > T and g. —679
G > A, was different between white goats and the 3 colorful goats. SOXI10 transcription factor
binding site disappeared with the g. —804T > G mutation, and the promoter activity of the DCT
gene was significantly decreased (P<C0.05). The higher methylation level in the g. +222 -+502
region of DCT gene in white goats, and the 3 mutations at g. —804, g. —714 and g. —679 sites,
especially the g. —804 T > G mutation resulted in the loss of the SOX10 transcription factor
binding site and the promoter activity of DCT with G genotype was significantly decreased. In
conclusion, the SNP mutation and the higher methylation level in promoter region may suppress
the expression of DCT gene and form the white coat color of goat.
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Table 1 Primers for amplifying core promoter region and detecting methylation level

. P N ) B IR EE/C s’}
ElR/EE LEEI P (5 >3 TG —>3D _ .
} ) ) Annealing KB /bp
Primer name Forward primer Reverse primer
temperature Length
H 1 TGGTTTTTGAATTGA- CCATCAAAAACTCC- 60 199
GTTTAAGGTAAT TCTAACAACTAA
H 2 TGGGTAGTTTGTA- CTACCTTAAAAAA- 60 281
GGTTAAGGAATG AATTCCTCCCTC
¥ 1 ctatcgataggtaccgagetc TGGGT- gcettacttagategeagatetegag TTT- 65 728
GCTAAGTCATTTC AATTGCCTTGAACTCAG

NG PRy 5 IR R XA R S 2 Ak Sy BRI P DD 5 RS T RE D | R S A

The lowercase letters are the region overlapped in vector; the underlined letters are restriction enzyme digestion sites, and the

capital letters are the specific sequences of primers

1.3 I DCT E R B 3hF X 5 5 19 B E L K F 4

2 H EZ DNA Methylation-Gold™ Kit fff F] i}
AP Ab 3L L A7 L = R VL S R A R 4 3 HA A
4, AN B SR B 8 1 J5 110 35 D 20 R AR R AT 4 4
1A 2 519 ey 1 & 456 4 —F. PCR ¥4
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2.9 VOB TFEAMAINE(89.442.5) %), HER
RNEZE(P > 0.05),
AP E AL DCT RH g +222~ +502 X

g. 352 F g. +400 {7 g F €8 1 3 WP ALK 7 3
TR E(P<<0.05) ,g. +389 Fl g. +404 fif &

TANY

3 B R KB 3 TR (P <

WA S AL AR St g5 R L3R 3. Al 0.01) o HoAth A 5 F 3 Ak K P 1 6870 238 01 = JR] 22
g AL K- ((90. 6 5. 3) Y0 M i 2 w5 T B A1l FARREP > 0.05),
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#2 BHEELEDCTERE g —348~—150 REFEUKTLR
Table 2 Methylation differences of two goat populations with different coat colors in g. —348-—150 region of DCT gene ¥

IES 3 15, Site

. X+ Sx

Goat g. —252 g. —247 g. —211 g. —203 g. —200 g. —193

H &, White 91.7 90. 0 85.0 91.7 90. 0 93.3 90.3£2.9

4, Black 88.3 88. 3 86.7 93.3 88. 3 91.7 89.4+2.5

P {f P value 0. 543 0.769 0.793 0.729 0.769 0.729 0.597
£3 WHEBLEDCTER g +222~+502 RIFAEUKTEER
Table 3 Methylation differences of two goat populations with different coat colors in g. +222-+502 region of DCT gene %

v 15, Site
113 Goat
g. +252 g. +255 g. +262 g. +265 g. +271 g +277 g +283 g +290 g +299 g +310 g. +312 g +325
F {6, White 90. 0 93.3 93.3 91.7 90. 0 85.0 91.7 81.7 83.0 90. 0 95. 0° 90. 0
I {4, Black 83.3 90. 0 81.7 80. 0 85.0 78.3 90.0 83.3 90. 0 91.7 81. 7" 93.3
P{H P value 0.283 0.509 0.053 0.067 0.408 0.345 0.752 0.810 0.283 0.752 0.023 0. 509
v 55 Site
112 Goat
g. 1343 g. +352 g. +359 g. +370 g. +374 g +376 g. +380 g. +389 g. +400 g. +404 g +436 X + Sy

F {6, White 91.7 96. 7° 100. 0 83.3 93.3 86. 7 95.0 91.7%  93.3*  80.0" 98.3  90.645.3%
I {4, Black 91.7 86. 7" 95.0 80.0 81.7 80.0 85.0 73.3%  78.3"  55.0° 91.7 83.7+8.5"
P{g P value 1.000 0.048 0.079 0.637 0.053 0.327 0.068 0.008 0.018 0.003 0.094 0. 002

TRIZFRR 2R BFAM L. FIBRCAF/NE FR8E5RR 22 53 B35 (P<T0. 05), bRt AR RS 55 Bk 7R 22 A 2 2 (P<<0. 01)

Underline show the for sites with significant difference. The data marked with different lowercase letters are significantly dif-

ferent(P<C0. 05), those marked with different capital letters are extremely significantly different(P<C0.01)
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WK g —804 fii il T>G.g. — 714 fii S T>C.
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A, 43552 Xk SNP1.SNP2.SNP3 Fil SNP4 (& 2)

-714
~679

-1 045 —— —318?
) &@r3

-804

@ 1>C

< T>G

2 DCT HEEFzFEX SNPs L S nEE

-705

coc>T  c>a

Fig. 2 Schematic diagram of SNPs sites in core promoter region of DCT gene
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168 Y R L 510 2 SNPL 878 5 HE 3 A~ ARk
FEER S P T I FE 5 ML E M L
AR R T AR 3 DR R 0 ) S AR
TR L L2 (P<<0. 05, P<C0. 01), i 1L 311 2
() TT 5& AR AR F B BER, M GG 3 R AL A5
e THERK, Fiyiih SNP2 (i T 45 5
A 3R B 3 8 0 T R LU AR (P<C0. 05) A 5 g
L2 (8] A B 25 5 (P > 0..05) ., X Al R 5% 7° 7
W 2EZ AT A AR iR S A 56, R IL W51 3 SNP3
ML R 5 e 3 MR RRI AR EER.C
A5 B DRI e W 3 T O T L SR MR VLA R
(P<0.01), 1 3 @ T R VL8 F 2B A B K (P <
0.05),CC % [H R 2 & F 3 A @ fFik, SNP4

705, A A PR 5 DL E i 2 e T 3 A4
A AAFHA(P<<0.01), 1] GG i K B R A% T 47 (4 7
. 25 .4 4 SNPs i si i iy g —804 T > G,
g. —705C>TH g —679G>AZRETfESI
0 R {08 B R IR BURE G .
2.4 WEDCTEFESNPI WHMEERBEBRHSR
EFfEshFiEEER

i 3d JASPAR il Nsite (%4 5% PR 7 1000 43 # &
PLSNP1(g. —804 T > G)fii BN H G ¥ 8%
FPA R T P A B e T SOX10 (1454 7 s . dn i#l
3A. W B A A 5 5 AR R R ) T TR 8 A AL
G FR il e 2 2 DR O 04 2 G 0 o 45 SR Al 3B P
TN e SRS FE D GRS R 3h 1% 2 (2. 08)
FLEF A= R T 751 (5. 84) W 3 BRIk (P<<C0. 05) , F [#
2. 8 A s B AR 5% AR U I M R 9 1 X I/ (pGL3-Basic)
() 2. 08 4% {0 5 B v % IR A 35 25 57 (P=>0. 05) .

R4 44 SNPs fLm7E 4 L FBEE S A0 E B 45 % fn B FE B
Table 4 Allele frequency and genotype frequency of the 4 SNPs in 4 goat populations

AR 1 LN 8557 Bk DR A 2R F PR 70 551 % , P
Mutation site Population Allele frequency Genotype frequency * P value
SNP1 T G TT TG GG
IR UTITES 0. 577 0.423 0.417 0.417 0. 167 — —
HTHIWLE 0. 804 0.196 0. 607 0. 393 0. 000 4. 100 0. 042
[ARAR S 0. 852 0. 148 0. 704 0. 296 0. 000 6. 885 0. 000
RIS 0. 975 0.025 0. 950 0. 050 0. 000 15. 788 0. 000
SNP2 T C TT TC CC
=R UTITES 0.917 0. 083 0. 833 0. 167 0. 000 — —
HTHIWLE 0. 566 0. 434 0.185 0. 741 0. 074 16. 639 0. 000
[RRAR S 0.926 0. 074 0. 889 0. 074 0. 037 0. 030 0. 862
[EZRAN: 0.775 0.225 0. 600 0. 350 0. 050 3.478 0. 062
SNP3 C T cC TC TT
=R UTITES 0.729 0.271 0. 500 0.458 0. 042
FHTHIE 0.426 0. 574 0. 037 0.778 0.185 9.526 0. 002
RN 0.623 0. 377 0.185 0. 667 0. 148 4.775 0.029
BLEF 0. 450 0. 550 0. 100 0. 700 0. 200 7.099 0. 008
SNP4 G A GG GA AA
IR UTITES 0. 646 0. 354 0.417 0.458 0.125 — —
HTHILE 0. 929 0.071 0. 857 0.143 0. 000 12. 821 0. 000
RN E S 1. 000 0. 000 1. 000 0. 000 0. 000 22. 950 0. 000
BLEF 0.975 0. 025 0. 950 0. 050 0. 000 14. 529 0. 000

AP g B A e 3 A Ll A A Y A R DR 2 S LA e A

y’and P are statistics for comparing difference of allele frequency of Tangshan dairy goat with the other 3 populations, respectively
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A CTTAT TCTTT GGAGA GAAGA GGATT entry score

Pdx1  81.3%
STAT6 82.0%
SOX5  84.1%
STATS 87.1%
EBF1  90.4%
SOX10 85.1%
NFIC  88.0%

E2F6  83.7%
GATA4 90.0%
GATAL 84.7%
GATA3 87.2%

MZF1 1-4 82.8%

CTTAT TCTTG GGAGA GAAGA GGATT entry score
Pdxl  81.3%
STAT6 80.2%
SOX5  81.0%
STATS  93.7%
EBF1  80.3%
NFIC  83.6%
E2F6  86.0%
GATA4 91.8%
GATAL 84.7%
GATA3 87.2%
MZF1 1-4 82.8%

PR BRI

Relative activity of luciferase
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B3 DCTEEBZULEZDHFK e —804T > GCREMEHFEFMEIFiEETK

Fig. 3 Changes of transcription factors and promoter activity caused by g. —804 T > G mutation in core promoter region of

DCT gene
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PR Bl E A 225, w3 7 X 0§ 34k
K] REAN S 5 2 R R B 0 B9 T B T AL TN
FIXH g +222~+502 [X I 7E P Fh B 6 0 FE 3
125 X B R AE M EAEH . BT DNA g H
FEAb A 2 410 T B PR 010 B S 23RO TR e T L A
Mg, +222~+502 KA 3L ACE A T 1L
DCT BN W £k L EB AR, W20
MRIFSEUE B DCT 3 P 8 1% 6 10 sh W) 1A 9 11 36 38
KFHRECNYS B U T g +222~+502
XS H AL 5 1L AR R B AR A K.

SE R B 00 R AL O A R E
FEH H B R AR S 5 1 T B £ A X Bh
ERGERES AT N AU N i 25 A B S )
e RIR L R AR AR M G S TS A L Y )
§I) 78 2B 55 S 1 7 5 DNA 41 i 45 4 . i
L Y Rk, AL R SR B ER
AR, Guyonneau %57 B 58 B2 T 52— 17
MR, S A T RB AR ER ., AR 0
RO (9728 S 407 05, . — 804 .g. — 714 Hl g. — 679 1 J§
Ll L2 v g S5 0 6 R 5 0 3 R B 1 SR

RAFER 25 M E L L EEahH 6,
B3R A ARER B R g0 —804.g. — 714 Al
g. —679 3 M AR A A RE S 1 AT AT
X,

EA IR W . SOX10 AEGE G DCT R K Y
FEIRU, IR B A AT B O R B, R R 5 R
SOX10 ¥ St F 25500 s 1 3 4b 5 A8 B2k, 349 38 1l
DCT 33 oh 16 T B9 8 & AR . AFsd. A
FE Iy 2 SNPL () G S B N R W 5 T
3AA G B [ &, i R AR 5] 2 SOX10
B SRR P45 5 67 A B BB 2 3 3k XL ' 2K O 1 A
&I, Hde SOX10 By 548 G B JF 51 A 8 7 3% 1t
o AR 21 B 1 X BB K S . 7 A L R R X B R e S
Bl oy M & B, B I 2 DCT 3R 3% 3k 3% %
THITHFERORCRER . X—4RAMIENAT
SOX10 % DCT J HHA 1E [ 98 42 4 H , [7] B 156 B4
DCT R:HWE# + X8 g —804T >G RAF| &
SOX10 ¥ W T 45 & S py s 2k, gk 51 2 DCT
FE R S 8l 1 P R AR, mRNA SR IEKF TR, X
SRR A e B R IEA E.

AR AEIFE DCT BHE LR FR AR T
4 4~ SNPs, H 7 SNPI i 545 fk 5|2 SOX10 # 5
K125 &7 S R 2 R & B H A SNP 5 e 4% 5 I
T2 A8k AT BB X 28 58 AR T AR T T R A
25 DCT 3 N5 S 0 5t W s &
M AEAS 7] B A A e ke 21 2 7R .

4 & it
Hfuil £ DCT A g, +222~ +502 X Ik (1)
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i 50 %

B ALK, g0 —804.g. — 714 Fl g. —679 34
P gEAs, Jn H g0 —804 T > G & i SOX10
Bk a5 B AR B L AR G AL 4 3 R
ik DCT JEH W Ja 8h F i, Bk DCT S 5 3)
T X SNP Z&45 Fil i B 5L Ak 7K SF 0 g 30 il 7 3% A 1
e NIF A A ES SRR &=
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