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G (LDL) 4 % Z /& T B2 (P<0.05), 2)S—J 3 Vs & 8/S - 3 B & ¥ b & B8
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MK AR, PR AR TR (4 R B,) Mgk o™ | 1
FERE AR o & % 5 Z A A, Rommelaere 451" %
VNN-1 8/ BREFT RS B b, KRBT — &R
) 2 5 3R 8 L DR R AR AE R D5 R A | T T I 2R AR
S [ B A A AR I AR, UL B VNN-1 JE R
FEACIK OV B 38 %A A T S ] 4 5 i 1D PR
B TR BEE ). DNA H1 34k & 45 7E DNA
H LA il ( DNMT) BEfE T, DL S—R 1 FH B &
i (SAM) iy FY G AL AAC % B 356 0% o 28] L s g 174 55
5 PR IET(5mC) By RE B SR AR A B SR
IRTEIE b 2 B 105 A 5 5 DNA FJEAR ) OC R K&
HALHI AR, VNN-1 F K (28 45 2 15 2
HDNA H 3L Ak i K SF 19 08 45, 75 oE — 25 56
oE.,

AHIF 5T L) RS R SRR T 40 Ay 3 56 % %, B 5
AN [F) VA 5 T 5 i 5% 7 V0 3G R D AR 4 iE DNA
FH LA AR G B 5 74 A VNN-1 J3 35 7 X 48 DNA H
FALRYRZ M 5k DNA LA 301 77) (AZA) 45
2 VNN-1 Ji3 3 T X 55 DNA H 384k 3 45 35 ) 36 3k
(14 5 F B

1 #MR5FZE
1.1 R w
1.1.1 Ry

G i VL RG RS Fh R 3 M T 2 &l
AIRAW, FEMAGIRE R 37.5 T X E K
75% ~80% , & W N 2 h/ IR,
1.1.2 k5

RNA $2 B0 & | S 5 PCR a5 & 52 f
£+ PCR ( Real-time qPCR) i 7] & W [ b 57 R AR
B A=A AT BN w1 5 a6 FH SR el L il 41+
I A 3¢ & Sigma 2 A, N A (0 2 T Ok
R By T R, UK ME 4, 4B = 98% ; EZ DNA
Methylation-Gold™  BigDye Terminator v1.1  POP-
7TM Polymer F1 HiDiFormamide !4 H ThermoFisher
2w B VS (FBS) | 16 W . DMEM B
FHEM A Gibeo 247 ;314 Taq Plus DNA E A i
W AR T A A IR A A — e 2% 3K 7]
B3R B 43 0
1.2 REH*E
1.2.1 RS4RI 5 25 5397

K 23 RIS 20K B0 3G B 43 5 IR A X 4 i,
AR 20 T 7 0 25 SR FH I D il T ARk R AT, A B RN 3G

FBEARS R E A Ak R JEAR
JFAHLS T 5% CO, .40 CHiF%, WAL T8 54
KR AL, DL 1x10° A>/L 3500 TRE 30k, b K 4k
T, PR A 4 A O A0 B, 3 ) ke B
I 12 .24 1 36 h (1 JFLAC 40 M E A 740 BE T i S 40
M BRI
1.2.2 RAEBIT
1.2.2.1 35 1. E 2 0806 38 AR A I 410 i DNA
FH LAk R SE T P FI VNN-1 5 36 7 X 45, DNA H
Ak B 5

DA JEL AR 40 o AF 5% 6 52, 3R BUHS AR AT
HMMIE T 5% CO,. 40 THiFE, /0 LL o (KR |
2.5.5.0 f110.0 mmol/L Hf 320 A4 1% 77 M 4k 2L 45 57
48 h, W 6 NEE , BN 1 AEER KR
RS BR e S B A R A R4 F Bh Ak
3 A I JH 200 B v s %85 B2 IR 2R 1 ( HDL ) IR 25 32
JREE 1 (LDL) 7 & ( Hi 47 M i B 7 K B 2 A ) 5
B E M E ) o R FH I O 75 W B U %2 ( ELISA) J7
PRI AN M P DNA 54 A5 il 15 M ( ELISA iR
M A LG AEY R A RA R, 5255 YB-
DNMT-Gu) , >k H ELISA J5 i & I - 40 i
SAM F1 S — it # [] A4 > Jbt 2 M2 ( S-adenosylhomo-
cysteine, SAH) % & ( ELISA i & W B [ EE 14
AR A R A AL 585 YB-SAM-Gu il YB-
SAH-Gu) , % SAM/SAH . {t . & M Real-time
qPCR 75 A6 0 JFF 20 B VNN-1 B 356 R 3R ik i,
K FH W i R & Eh Ab B ( bisulfite sequencing PCR,
BSP) J& , Ml 46 VNN-1 3 35 7 [X 5% DNA H 5t
oK
1.2.2.2 ¥ 2. AZA XF & AR J5 A4S BT 40
VNN-1 FUG 5 R A5 B ( FAS) BE PR 2 1K 1 5% 1)

ARG J5 AT 200 M A A 58 6 42, 3R RS D AR i
Y5 T 5% CO, .40 TEEFR 4l 4 4, B4l 6
ANEE, BN 1 AEE, 55 LUIE F B R )
(XFREZH) . & 5 wmol/L ) AZA 3% 35 WK ( AZA
) %5 5.0 mmol/L Ff 501G 7 (B 4) &
5 wmol/L i AZA 1 5.0 mmol/L F 3¢ B B 37 W&
(AZA+TISRTRA ) 4k 2235 97 96 h, AZA 5-AH:—
2- i & M AF ( A3656, Sigma 2 &) AL H A
5 wmol/LIIEFE3E  AZA WRIES % Wu %10 443
TEALH IS (1 0,24 .48 96 h, 2K ] Real-time qPCR
JFER I AT 4R ML h VNN-1 F1 FAS BB ki,
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1.3 MEFH*E
1.3.1 405 RNA RO H0S [ s 5

FRAE T i B RNA 2 B 50 6 45 4 100 B 4 L
R b B S AR IR R A 40 i B RNAL A
1 mL Trizol 7t 43 5] %, & i i & 5 min, fill A
0.2 mLEA5, #&3% 15 s, B+ & 2 min, 4 C 12 000xg
B0 15 min, 7 135, A 0.5 mL SN EE, K4
FR A RERRS, EEEE 10 mn, 4 C
12 000xg L 10 min, 3 F3F, MA 1 mL 75% &
fist AR UERTIVE, 4 T 7 500xg B0 5 min, 3% b
o BT, MAGE £ ddH,O AR, #3645 s RNA
TR B 300 ng/pL TAEW, T—20 CI-A7, F
A3 RNA B T-70 TR . RNA U5
4 ¢cDNA T-20 CH-AE&
1.3.2 Real-time qPCR £l

I B-WL3h 2 A ( B-actin) =K N2, kA
SYBR-Green %1 i ik J A 2% 3 o 328 47 40 X 2
I3HT, SR & A 20 pL: SYBR Premix Ex Taq
(2x) 10 L, b FF51 %1 ROX Reference Dye
I (50%) 4% 0.4 uL, DNA £ i 2 pL, ddH,0
6.8 wL, PCR I 4% 1F:95 C #4830 s J5,
95 C55,60 T34 s, LA0MNIEIR 16 i il £k 2

#1.95 C 155,60 C 1 min, 95 T 15 s, FEHEF|Y)
fFEWNEI,
1.3.3  DNA MV B2 = B4 46 4 32 46 I 5 A 15 3+
[X 35k DNA H 34k 7K -

T 56 R W4 R S A Ak A L PCR 44k
W) 7% 1% 3] pUCI8-T #h A 10 4 7o e, i 1 I 1 1k
F:18 CHER W, Y AL H & IRZ S
Y, 0 B U A A 58 A 20 w100 mmol/L
P - B -D - L2 LW AT (IPTG) A1 100 pL
20 mg/mL X-gal IR 1 (W& N F &R P L, H &
BRI, W B % . 2 R AE IPTG/ X-gal “F-Hi)t
FAKMAGEHE ATERETEANYETEEREN
WARKE R 37 gtk HIWH B TA 5ife,
3% WHRE I L TKORS 0 B 7% PCR %858, JoAT 2 B
FORLI P M13+/=5 9 7 . & H % F DNAStar
AR RS, R SeqMan B4 347 % 51 [ X,
K H QUMA i FF 34 I3 A 1, Kl B VNN-1 3
B R & A 13 A CpG f 5, 1RSI i fr &
WF.34.78, 141,160,203 244 258 271 279
304,316,328 362, 5 H 1~13 fii, FEHGIWE
BILEL,

®1 EESMER

Table 1

Gene primer information

#N

Gens

319151

Primer sequence

PR
Product size/bp

G
Accession No.

S2H 5E it PCR Real-time gPCR

F:5'-ACGTCCTCTCAGGTGGTACG-3'
R:5'-GCCACCGATCCATACAGAGT-3'

F.5'-CATGGTGAACTGTCTCCGCC-3’
BIHTR & G FA ’ 93
AR & WG FAS R:5'-ATGGATGGGACAGCCGATGA-3’

F.5'-CTACCCGTACCTGGAGGACA-3’

B-Wsh & A B-actin 159 M26111

XM_013197939.1

12 Bk aR AL £ T -1

VNN-1 R.5'-GTGGTAACGAGCCACCAGTT-3’ 205 XM_013175488.1
DNA Wi i S 454 DNA sodium bisulfite modification

e F.5 -GTAGTTTGTTGGTATTTTTGTTGTGA-3’

1Z Wk 5 3 2 RElE—1 VNN-1 ’ 391 XM_013175488.1

R:5'-TATCCCTAAAAACTCAAACATCAAA-3’

1.4 BB+ 40

K Excel 2017 #2848 %, SPSS 17.0 &iit 2 RG4S
XU FEAT BN R D7 220 17 (one-way ANOVA) . 2.1 7R[E)R B B S A6 % #8 3% & 4 BT 40 B HDL #n
TES R —BEEAEE B EERR R LDL BN
LSD ¥, LL P<0.05 15 R 25 5 5 25 14 0 W7 b o, 4% H12% 2 AT H1,2.5 5.0 1 10.0 mmol/L Hif 32 6
i LAY {E A4 B AR 1R (SEM) 3R . AFYIM LDL & & i 3 % T X+ B4l ( P<0.05) ,
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BE IR P ARk X HDL & i R E W (P> 0.05),

®2 AEKEHEHE ISR KA HDL 71 LDL & 2180

Table 2 Effects of different concentrations of betaine on HDL and LDL contents in primary
germinal hepatocytes of geese mmol/L

TH HHSZ B € B Betaine concentration/ ( mmol/L) P {& P-value
N
ltems 0 5 50 oo MR Lt %

( X} H& Control) ' ’ Betaine Linear Quadratic
E & E g HDL 0.030 0.023 0.030 0.020 0.003 0.582 0.411 0.789
IR IG5 11 LDL 0.067" 0.043" 0.037° 0.013°  0.006  <0.010 <0.010 1.000

A7 85He B AR AN Rl NE 2R F0R 25 7 1 3 (P<0.05) ARl S TCFRE R 22 5 K 3 (P>0.05) . T %A,

In the same row, values with different small letter superscripts mean significant difference ( P<0.05) ,while with the same or

no letter superscripts mean no significant difference ( P>0.05). The same as below.

2.2 A [E K EEH 3R X #8 AL /R /X BT 48 B DNA
HEEBETENZMm
HH ¢ 3 AT 20, &G 40 fd o SAM/SAH H {8 B

TSR I BT B E Rk
PR (P<0.05), Flf % 08k B XT3/ I 40 18
DNA H 46 B 6 MO0 i 52 0 (P>0.05)

R 3 AEREHEHE R KA HAAE SAM/SAH LB DNA RERBEE NN
Table 3 Effects of different concentrations of betaine on SAM/SAH and DNA methyltransferase activity in

primary germinal hepatocytes of geese

5iA B2 B € BE Betaine concentration/ ( mmol/L) P {H P-value
sl
Items 0 5 50 10.0 SEM iBd 2k /e

( X} H& Control) ’ ’ Betaine Linear Quadratic
S AR = R/ S—
IR R Y 2 i 2 R 1.09 1.49 1.37 1.56  1.210 0.092 0.041 0.397
SAM/SAH
DNA H B R il :
DNMT/(U/L) 82.95 80.07 88.41 94..34 3.466 0.744 1.763 0.280
23 FAEREHEHGBERERRFER VNN-1  EABESHHEAZEF AR E (P>0.05), G kA

EEREMNZMm

H & 1 A H1,5.0 F110.0 mmol/L #ft K6 40 I
YA VNN-1 JE R 3R 3k & B 3 LT X |4l M
2.5 mmol/Lf 3 H4H ( P<0.05) .

f I 2 m]%0,5.0 A1 10.0 mmol/L #H 32 il 20 AT
Y VNN-1 LR 5 3 X 38 DNA H 34k K F 5
FE TR (P<0.05)

2.4 AZA SHSPRIERBT4EAE VNN-1 F0 FAS BEH
R =M

M 3—a AT 0, 5 %F BAHAH L, AZA 40 B 0 h

Bsf, A7) Ak 380 368 S S A G4 L VINN-1 356 R 36 58
wIEEMW(P>0.05), A 24 F1 48 h B,
VNN-1 3R A a AR, AZA 4 VNN-1 5[

il AZA+EHSEORAL VNN-1 3 PR 26 0k A0 He X R 40
BE T (P<0.05); AZA A F 96 h B, 4% 41
VNN-13ER Rk 22 57 10 35 AZA A F AZA+FIER
B 2HL T 440 e VNN-1 356 PR 3 38 o 3 3 1 0 R
(P<0.05) , G340 VNN-1 FE K 22 35 540 H o IR
2 W F FEAR (P<0.05) .

H I 3-b a1, S5XF A A EE , AZA A LS O
124 h, A [] A 36 8 VR DR 40 i FAS 6 TR 3R
KRTCWE LW (P>0.05) ; AL FH 48 h I, 20 ]
HAZA 4 FAS JE R 363k & A L ) B4 8 35 T v
(P<0.05) ; &b 3H 96 h B}, AZA 20 Fil AZA +E 52 03,
4 FAS FEH Rk R A 3t B4l 8 & T (P<
0.05) .



2922 IR 7/t S ¢ 33 &
T 2.0 a

2 | a 3 4t i

ag " 3.1 FHSERATESAE R A AP B DNA B iR %

2 10 % R0 VNN-1 A 20 F (X35 DNA FEAL B 200

25, LR 9 9 4 1, S A 5 9 045 0 2

>§' ‘ i WA 30 00 U o 0 1 9 G 0 A 5 1
T FHOOM ARG G K B, S AL SRS B SR

EH SRR E Betaine concentration/(mmol/L)

B HEIARTEA ) /NG 53 3208 22 5 .35 (P<0.05)

A,

e s , F: LDL

&R,

Data columns with different small letters mean significant

B AR, LDL 2
[ B i 2, S a2 [ P 0E A B S 2 41
(14 0 A 1 URE i B SR el AE 390 o 0 M ) D Joi
Zhan 55" %z B DA AT X R o R i S 6

=L
2 Jfd

difference ( P<0.05). The same as below.

Fig.1

Bet: Gl 5201 F betaine concentration

1 AR[E)RE#Semi 3 #5055 K BT 4l i
VNN-1 EERiEEH M0
Effects of different concentrations of betaine on
VNN-1 gene expression level in primary germinal

hepatocytes of geese

A A AR LT H e = R R R, SR el
A S ARG R, i sl P A o i G 5 R, S8
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T UL SRR L AR A i R38O
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Bet 10.0 mmol/L=28.97%

Bet 5 mmol/L=30.73%

= Bet 0 mmol/L

= Bet 2.5 mmol/L
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R

7

218 232 245 253 278 290 302 336
CpGHiL i CpG sites

A R R, A

CpG (L B EEAE L 10 A SR THEE . 1 a Sy AN [l e BE TSRO0 AT 40 M VIIN-1 BE RS 8l 1 DXCIUR R AR RT3 5 151 b S AN ]
YR 2 RIS T2 VINN-1 56 TR S 3l 1 X845 CpG A s F BE AL 7K Y 52

Closed and open circles represent methylated and unmethylated cytosines, respectively. Each bar represents methylation level

of each CpG site. Methylation at each CpG site of the promoter region was calculated by analyzing 10 clone. Figure.a shows the

total methylation profile of VNN-1 gene promoter region in hepatocytes by different concentrations of betaine. Figure.b shows

effects of different concentrations of betaine on the methylation status of each CpG site in the promoter region of VNN-1 gene in

hepatocytes.

B2 EREHEE RN AE VNN-1 £ E /531 F X138 DNA BELR2m
Fig.2 Effects of different concentrations of betaine on DNA methylation of VNN-1 gene

promoter in primary germinal hepatocytes of geese
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415 Groups

a e X} {8 Control
B DNA FELEE I 7] AZA
B {325, Betaine

mm DNA FF S A0 B0 ) 571+ B SR
4 AZA+Betaine

VNN-1E R £ L8

VNN-1 gene expression level
[\

' 0 24 48 96
B 750} 8] Culture time/h

FASERRIZE

2 5 Groups

b B’ Control
B DNA R B AL EE I HI] AZA
B E 3208 Betaine

_ o DNAF B SEA0

o AZA+Betaine

5 25

£ 20

215

5

o 10

5

o0 5

Z@ ; :
._-As = Y i & F

= 0 24 48 96

B FEFFA] Culture time/h

3 AZA WHESRER R AT4HRE VNN-1 70 FAS ERERXHF
Fig.3 Effects of AZA on VNN-1 and FAS gene expression in primary germinal hepatocytes of geese

AL {R SAM $2 it — il 5 5 7~ 4= SAH,
SAH £ % 2% J5 7= A 5 2 & R (Hey ) . SAM/
SAH [fH 25 1 DNA H 34k DNMT #3% 1 4K
#T SAM A9 4= B A SAH RO FE . 24 SAM/
SAH FL{ETH i 2 R Rl %5 4 B DNA & B e |
JIr L, SAM/SAH LB 9% DA Ok J2 ) T DNA H 34k
PR RSB E bR, AR 7T & IR, 18 R JRAT
JH 40 B H 8 ISR B BE £ = SAM/SAH [, 12
15 A M SR AR 1) DNA IR0 KT, 26 B SR/
S (R B A% 2 F 268 R D A T 4 1t HR b KT
Abobaker %5 % BT AHAL A 25 SR, S 1 R o
S IS 0 S 2 v QD T R R o IS ] e
ik, HAERER 0 o1 X A0 (% B 31k, i 52 il
CINYS RO 3¢ I i RN o ga X e P 1 A R O BN
AR LR ) ik

VNN-1 J& 37 i 5t 3 2 i 1) 7K A 1t , R BRI /)N
L R0 20 B 1 2 B VNIN-1 5 51 R i 7 735 1k 23
PIAH G, JLAE B BT AR ok % b A o 28 00 O 8 AR
R 2Rk AR RS Vanin 3 AW R
( VNN-1) 2K ) cDNA J¥ 51 i} & B, &8 VNN-1 %
[A ( GenBank & 3¢5 ;. KY399733) cDNA &K 4 1
924 bp, %I F 7 FFIE & 2k, e gm i 491 2
FER . VNN W25 0845 5 1 IE R 155 435 AH OG5
I AR A 0 il A Y B AR BT 32 AR o (PPAR«) %5 U AH
S0 A ] DR [ i 24 1Y) ST AR RN B VNN-1
B2k i B B FH R T AE PPAR« R B /N B A
$£5 ,PPARa AJ LU 5 VNN-1 J5 8 7 L1 FE R
PEZES N RS AT VNN-1 8 R 3R 3k 8 7R Hov
FE RN A 4R VR F 2 AR 56 B 5T A B, i
32 W fiE 2 = AT 40 i P VNN-1 RS 3 7 X

DNA H B Ab/K - (H I PR 3R 58 o . R AIG, R ]
FEPH B A & TP A B Sk OK F , DNA H
FeAb A& T DNA i 1 19 e WLast 15 P &=, B
JA sl F X381 DNA H 34k 5 38 [ 38 38 KO — i
ARSI, S BRAE S A DA AR A g R
5 VNN-1 5 3h 7 DX 0 B 64k, B s i
THILH A,
3.2 AZA WESRRIE AT A VNN-1 F0 FAS EH
RIEKI G

it — 2 B 5% DNA H (b X VNN-1 2L K 3%
KRN, AR BT T AZA FUE 3208 Ak
X VNN-1 Fl FAS B RIB W52, AZA J&—
Flli A I T, Fo#F DNA & il i 2 o in A 3] DNA
Birp, ) — i BE 5 DNMT 454, % DNMT &4
YEFH 52 I DNA H LML K, & —Fh AZAP
ARI T, AZA Kb 3 96 h I, VNN-1 Fil FAS 3t [
Fakm ¥ LA AR, AZA AR AZA + SR
41 VNN-1 P Rk g 8 &, F — L2 Wik T
VNN-1#9 5 £ i85 DNA L H 4L 56, FAS &
NI W IR A 1 1) =6 LR 1 i, BE A8 1 L £ Wh A A A
FIPT BB A Az A% 5 7 1R, X S 5 R & AR
HEBEVEAS ) ALFE 48 h B, AZA 4114 FAS 3
IR b X A g 3 o, il B T FAS S
(2355 DNA LG, RIFRE RS
Shen 451 ff 57 48 FAH — B, Li %27tk B,
GRS R IR D SR A nT L e AR R AR KA
“F 2(iinsulin-like growth factors 2,IGF2) ) DMR H!
FEARIR 25 0 52 W Vg Th p 4 OT Y B B, Ling 26
J& BRE i 4 J& 25 F ¥ 9 (matrix metalloproteinase 9,
MMP9) Ji 8l T X & £ 2 H 54k 1Y CpG 45,
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I Y/

S

B REE i 25 IR fE 3 MMPO 3k, Nishizawa
SR B, AZA Kb FRE 3 25 AR 8 5 - FUIR
WEIE YRR, DL 45 SR UL ] DNA 25 B L fb i o #1
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Effects and Regulating Mechanism of Betaine on Lipid Metabolism and
DNA Methylation in Primary Germinal Hepatocytes of Geese

YANG Zhi' YANG Yu® YANG Jingjing® WANG Zhiyue'? YANG Haiming®"
(1. Institutes of Agricultural Science and Technology Development, Yangzhou University, Yangzhou 225009, China;
2. College of Animal Science and Technology, Yangzhou University, Yangzhou 225009, China)

Abstract : This experiment was conducted to study the effects and regulating mechanism of betaine on lipid me-
tabolism and DNA methylation in primary germinal hepatocytes of geese. Geese primary germinal hepatocytes
were used as the research material in this experiment. Experiment 1; this experiment was studied the effects of
different concentrations [ 0 (control) , 2.5, 5.0 and 10.0 mmol/L ] of betaine on DNA methylation related en-
zyme activity and DNA methylation in promoter region of VNN-1 ( pantetheinase) in geese primary germinal
hepatocytes. Experiment 2 ; this experiment was investigated the effects of different treatments [ normal culture
medium ( control ), 5.0 pwmol/L DNA methylation enzyme inhibitor ( AZA ), 5.0 mmol/L betaine,
5.0 wmol/L AZA+5.0 mmol/L betaine ] on the expression of VNN-1 and fatty acid synthase ( FAS) genes in
geese primary germinal hepatocytes, and explored the molecular mechanism of VNN-1 promoter region methyl-
ation regulates the molecular mechanism of gene expression. The results showed as follows: 1) the content of
low-density lipoprotein (LDL) in betaine culture medium containing 2.5, 5.0 and 10.0 mmol/L was signifi-
cantly lower than that in the control group ( P<0.05). 2) The S-adenosylmethionine/S-adenosylhomocysteine
(SAM/SAH) ratio showed an increasing trend with increasing betaine concentration, with a significant prima-
ry linear relationship ( P<0.05). 3) The expression of VNN-1 gene in hepatocytes of 5.0 and 10.0 mmol/L be-
taine groups was significantly lower than that of control group and 2.5 mmol/L betaine group (P<0.05) ;
DNA methylation in VNN-1 promoter region of hepatocytes of 5.0 and 10.0 mmol/L betaine groups was signif-
icantly higher than that of control group ( P<0.05). 4) The expression of VNN-1 gene in hepatocytes of AZA
group and AZA+betaine group was significantly higher than that of the control group at 96 h of AZA treatment
(P<0.05). AZA treatment significantly increased the expression of FAS gene in hepatocytes at 48 h of treat-
ment compared with the control group ( P<0.05). In conclusion, adding betaine to the primary germinal hepa-
tocyte culture medium of goose can inhibit the lipid accumulation of hepatocytes and improve the overall DNA
methylation level of the cells. In addition, negative feedback of methylation in the promoter region of VNN-1
gene regulates gene expression. AZA inhibite DNA methylation and find that the high expression of VNN-1 and
FAS are associated with DNA demethylation. [ Chinese Journal of Animal Nutrition, 2021, 33(5) :2918-
2926 |
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