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Abstract: The aim of this study was to investigate the relationship between DNA methylation of
TCF21 gene promoter region and its expression in chicken adipose tissue. The mRNA expression
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24™ generation of Northeast Agricultural University broiler lines divergently selected for abdomi-
nal fat content (NEAUHLF) were detected by RT-qPCR. The structure and function of TCF21
promoter were analyzed by bioinformatics and luciferase reporter system. The methylation level
of CpG sites in the promoter region of TCF21 in the abdominal adipose tissues of the fat and lean
broilers was detected by Sequenom MassARRAY platform. The TCF21 promoter reporter gene
plasmid was treated with CpG methyltransferase to analyze the effect of DNA methylation on the
activity of TCF21 promoter. The results showed that the mRNA expression levels of TCF21 in
the abdominal adipose tissue of fat broilers were extremely significantly higher than those of lean
broilers (P<C0. 001). There were 40 CpG sites in the promoter region, which were distributed in
the proximal and distal parts of the promoter, but there was no CpG island in the promoter region
of chicken TCF21 gene. The promoter of TCF21 gene was divided into 5 functional regions,
namely R1 region (—2 000~ —1 500 bp), R2 region (—1 500~ —1 000 bp), R3 region
(—1 000~—500 bp), R4 region (—500~—200 bp) and Core region (—200~—100 bp) ,respec-
tively. The DNA methylation levels in the R2, R3 and R2+ R3 regions of TCF21 promoter in the
fat broilers were significantly or extremely significantly higher than those of the lean broilers
(P<C0. 05 or P<C0. 001). The DNA methylation levels in the R2, R3 and R2 + R3 regions of
TCF21 promoter were significantly positively correlated with TCF21 mRNA expression levels
(R2 region; r=0. 438, P<C0. 05; R3 region: »r=0. 371, P<{0. 05; R2+ R3 region: r=0. 489,
P<C0. 05). DNA methylation significantly inhibited the transcriptional activity of R2 region of
TCF21 promoter (P<Z0. 05). In summary, the expression level of TCF21 gene in abdominal adipose
tissue of fat and lean broilers was mainly related to the DNA methylation level of R2 region of TCF21
promoter.
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Table 1 Primer sequences
(5'—=3")

Application Primer name

Primer sequence

F: ACGCTGCCAACGCAAGGG

R: TGTTCACCACTTCTTTCAGGTCACTC

F. GCGTTTTGCTGCTGTTATTATGAG
R: TCCTTGCTGCCAGTCTGGAC

F: AGGAAGAGAGTTTGATATGTTGATAATTTGTTTGG
R: CAGTAATACGACTCTACTATAGGGAGAAGGCTCACACG

AATAACTCTAAAATTAATCCAT

F. AGGAAGAGAGGGTTGTGGGGTTGTATGAATAAGTA

R: CAGTAATACGACTCTACTATAGGGAGAAGGCTT-

ACCCACAACTATACCAATCCTCAA

F: AGGAAGAGAGTGTTTTAGGAAGGGAGTATTTGGAT

R: CAGTAATACGACTCTACTATAGGGAGAAGGCTTAC-

TTATTCATACAACCCCACAACC

F: AGGAAGAGAGTAGTGGGAAGTTTGGAAAAAGGTAG

R: CAGTAATACGACTCACTATAGGGAGAAGGCTTCA-
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A. 24 7 . ; B. 24 7 . TCF21
mRNA . LEAN (n=15),FAT (n=15); % * %, P<C0. 001,
A. Comparison of abdominal fat percentage between lean and fat line broilers at 7 weeks of age from the 24th generation of
NEAUHLF; B. Expression of TCF21 mRNA in abdominal adipose tissue of fat and lean broilers at 7 weeks of age from the 24th
generation of NEAUHLF. LEAN represent lean line broilers (n=15), FAT represent fat line broilers (n=15). * % %, P<
0. 001, the same as below

1 N 24 7 TCF21 mRNA
Fig. 1 Comparison of AFP and the expression of TCF21 mRNA in abdominal adipose tissue of fat and lean broilers at 7 weeks

of age from the 24" generation of NEAUHLF

CpG
Each vertical line represents a CpG site
2 TCF21 CpG
Fig. 2 Distribution of CpG sites in the promoter region of chicken TCF21
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A. ICP1 TCF21 ;B. ICP2 TCF21 ;C. TCF21
; D. TCF21 ., %. P<<0.05, % %. P<{0. 01,
A. Reporter gene analysis of chicken TCF21 promoter in ICP1 cells; B. Reporter gene analysis of chicken TCF21 promoter
in ICP2 cells; C. The important region of TCF21 promoter; D. The potential transcription factor binding site in the chicken
TCF21 promoter region. *. P<C0. 05, * % . P<C0. 01, the same as below
3 TCF21
Fig.3 Structure and function analysis of chicken TCF21 promoter

; CpG . ,
0
Each sample is shown in one row, each CpG unit is shown in a column. The methylation degree is shown as a gradient var-
ying from yellow to red. White indicates that methylation level of the CpG unit is 0 or missing data
4 TCF21 CpG
Fig. 4 The distribution and methylation status of CpG units in the promoter region of TCF21 in adipose tissue of fat and lean line broilers
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Fig.5 Comparison of DNA methylation level of TCF21 promoter in adipose tissue between fat and lean broilers
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Table 2 The DNA methylation status of TCF21 promoter region and the correlation of the levels of individual CpG unit methyla-

DNA

tion with TCF21 mRNA expression

CpG

mRNA

(n=30)
CpG Methylation level Correlation analysis (n=230)

Promoter Cots unit - B P!

region P (n=15) (n=15) . .

Fat line (n=15) Lean line (n=15)
R1 CpG 1 0.511%0. 112 0. 535+0. 084 0. 513 0. 182 0. 337
R1 CpG 2 0. 389+0. 126 0. 40240, 061 0. 729 0. 143 0. 451
R1 CpG 4 0. 857+0. 021 0. 848+0. 020 0. 222 0. 0903 0. 635
R2 CpG 6 0. 681+0. 079 0. 576 0. 092 0. 003** 0. 297 0. 125
R2 CpG 7 0. 958=+0. 067 0. 73440, 130 <0. 0017 ** 0. 494 0. 006™*
R2 CpG 9 0. 91740. 064 0. 913+0. 074 0. 854 0. 098 0. 605
R2 CpG 10 0. 958+0. 067 0. 734%+0. 130 <0. 0017 ** 0. 494 0. 006**
R2 CpG 11 0. 527+0. 116 0. 6000, 047 0. 031~ —0. 161 0. 394
R2 CpG 12 0. 681+0. 079 0. 576 0. 092 0. 003™* 0. 297 0. 125
R2 CpG 13 0. 55140, 052 0. 520+0. 051 0. 106 0. 200 0. 289
R3 CpG 14 0. 556 0. 064 0. 545+0. 058 0. 631 0. 176 0. 363
R3 CpG 16 0. 556 0. 064 0. 545+0. 064 0. 631 0. 176 0. 363
R3 CpG 17 0. 993+0. 016 1. 00£0. 000 0. 091 —0. 132 0. 488
R3 CpG 18 0. 564+0. 038 0. 567£0. 034 0. 839 0. 035 0. 855
R3 CpG 19 0. 325+0. 095 0. 369+0. 057 0. 140 —0. 104 0. 585
R3 CpG 20 0. 28040. 090 0. 14740. 090 <0, 0017 ** 0. 378 0. 039~
R4 CpG 22 0. 479+0. 112 0. 507£0. 084 0. 452 —0. 464 0.013*
R4 CpG 23 0. 397+0. 049 0. 391+0. 040 0. 716 —0. 189 0. 317
R4 CpG 24 0. 216%0. 045 0. 22940. 035 0. 399 —0. 217 0. 249
R4 CpG 25 0. 2310, 062 0. 2510, 041 0. 286 —0. 260 0. 165
R4 CpG 26 0. 491+0. 062 0. 4714£0. 056 0. 346 —0. 098 0. 607
Core CpG 28 0. 47040, 048 0. 448+0. 054 0. 251 0. 141 0. 456
R5 CpG 29 0.172#+0. 119 0. 3260, 253 0. 049* —0. 354 0. 049
R5 CpG 30 0. 4670, 053 0. 44540, 043 0. 218 0. 048 0. 801
R5 CpG 31 0. 22740. 035 0. 286+0. 030 0. 489 —0. 365 0. 048~
R5 CpG 32,33 0. 534+0. 0329 0. 519+0. 032 0. 044~ 0. 059 0. 756
R5 CpG 34 0. 580%0. 100 0. 54740, 066 0. 297 0. 208 0. 279
R5 CpG 36 0. 559+0. 060 0. 544+0. 058 0. 503 0. 138 0. 466
R5 CpG 37,38 0. 458+0. 060 0. 4394+0. 049 0. 318 0. 043 0. 820
R5 CpG 39 0. 47010, 048 0. 448+0. 054 0. 251 0. 141 0. 456
R5 CpG 40 0. 580+0. 079 0. 552+0. 071 0. 316 0. 193 0. 305
P! . . P?

P! indicates the significance of the difference in methylation levels between fat and lean chickens. and P? indicates the signifi-

cance of the correlation between the methylation level and the expression level
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CpG TCF21 mRNA (P<0.05 P<0 01).CpG 29
.CpG 7.CpG 10.CpG 20 TCF21 mRNA
TCF21 mRNA (P<<0. 05),
A. TCF21 R1 DNA mRNA ;B. TCF21 R2 DNA
mRNA ;C. TCF21 R3 DNA mRNA ;D. TCF21 R4
DNA mRNA sE. TCF21 Core DNA mRNA 5
F. TCF21 R5 DNA mRNA ;G. TCF21 R2+R3 DNA
mRNA sH., TCF21 DNA mRNA

A. The correlation between DNA methylation level of R1 region and TCF21 mRNA expression level; B. The correlation be-
tween DNA methylation level of R2 region and TCF21 mRNA expression level; C.
tion level of R3 region and TCF21 mRNA expression level; D. The correlation between DNA methylation level of R4 region
and TCF21 mRNA expression level; E. The correlation between DNA methylation level of Core region and TCF21 mRNA
expression level; F. The correlation between DNA methylation level of R5 region and TCF21 mRNA expression level; G.
The correlation between DNA methylation level of R2+R3 region and TCF21 mRNA expression level; H. The correlation
between DNA methylation level of promoter of TCF21 gene and TCF21 mRNA expression level
6 TCF21 DNA mRNA

Fig. 6  Correlation between TCF21 promoter DNA methylation level and mRNA expression in abdominal adipose tissue
of broilers

The correlation between DNA methyla-

2. 5 DNA TCF21 TCF21 R2 R3
R24+R3 DNA

TCF21 R2.R3 R2 TCF21 R2 R3

+R3 DNA N R2+R3 CpG
, R2 .R3 pCpGL-basic 3
R2+ R3 DNA TCF21 pCpGL-basic pRL-TK ICP1
mRNA , TCF21 , 48 h ,
DNA mRNA . , pPCpGIL~1500/-500 (TCF21
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Fig. 7 Effect of DNA methylation on promoter activity of TCF21
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