HRMR B Z S B RG  EE AE MERE L I Ti R A IR NI A B R AR AR DG 2 A R

xifash ! S Ea@E Y AR
CLIAT R R R =B PR e, ] h 24 T B G Rl DR R R S 8 A R 3R B . - ARl
WP 4710035 2.7 R B WA AR AL SR AU, v B R B T A AR A 2 S R
WA E, WY E S/ ESE LEEAT TG, Kb 410125

o ARG B RO TR IR Z 0 X S AR PR A RE L LI U S R R = R
BRI L R R IR . B 180 W 62 R WA IR 22 IKEERY, HRHE = RB 1514
3 A (A6 AMEE, BAES 10 HD: Xt RAERERRKT A 0.33%MR, EER
= 4153 AR R SR K TN 0.21%H11 0.27% TR, R385 90d. 45 REH: 1) TiRESR
BB Z B R T BT H R R, PR, PHHMEE, FHEEMAGKESR
(P<0.05), WEHE TREN (P<0.05). 2) EEMREZ 0% FRKEXS S EERN &
 (P<0.05)0 0.21%HZA MR EAGMIE P22 20K . H &R 2R I & 5 02 v 1 oAt 2 41
(P<0.05). 0.27%HEEMHEXGIMIEHHEMR . 7 L@ RIR 2R 1 & 2 82K T X A
(P<0.05), HEIRK & EREINT 021%EEAMRLL (P<0.05). 3) SXHALMHL, 021%HE
TR BN TIEH DNA HIEEEF2EE 1. N-HIBEIRTF (m°A) WISLE6F58E 3 (METTL3) A
m°A HELE RSN 14 RIA R B EIRRE (P<0.05), 0.27%RAMALEXATIEF METTL3 )%
BREERE (P<0.05). 4) 5T, 0.21% 5% 0 4 XS T - i 2 B IR 1 5 72
il la. 5—H1HE DU S0 BR—[F] Y 2 e 2 R P BL L RS Wil (MTR) i Tk —B—Ar Ul 1 08 it i 3
Perm (P<0.05), 0.27%E AR EXG N MTR R IL BB (P<0.05). EARHT=
5K 0 P U P00 e R R v IO U R Tl R IS o e - R R R P R R B R R
M (P>0.05). HiLA R&5 ST A BEXG PR i /K SF (1 AR SRR ok =2 23 PRI AR XS I A = P g, T
At 5 EE R 2 R B MR IR MR R, S0 DNA A1 RNA [ H R A 6.
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EER LA T E IR P — SRR, EIRASSEARE R, 2R,
JE AR I R A R A BRI AP VIR « 5 P T LB 22 i 5 Pl 6 2 PR A 5 18 %
DNA. RNA 4L H [ 1 F AR A g3 P EU 21 L4 T 38 ol 2 I R A P B 7 92 o 2
PRI BRI T BE S B B #E, S22 AR R AR K AL S e, BRR AL B An 20, JE K

o (2, EEBRENY M — PREI IR, PR HAE G A & 22 51 E R i e

B, EE. RIS AR T R LR AR R SRAR ), SRR T R R S
TRBER AN AURA R, 5 BRI SR %, R 25 6
2 o A 2 R S A R PR K AR R, Sk T R AR e = o AR AR i i
PR (¥ AR R R0 AR AT 38 o A T B TE LA 22 R XY IR B B 40, S8 I P 7 DR R R Bk
Z X IR RGP RE L3 U 2 G R B R AR R A U AR DG R R Rk s, DA
R MR R SR A B
1 MRS 5
1.1 a6 set

W6 R B IR 7 58 A B L X 4RI B ih . REL 180 H 62 WS [KMg 22 KXY, R4/ K
RIS 3 A, BAML 6 ANER, BAESE 10 12X, o AR EEER KT N 0.33%
ROBIRE (HREARTARY D, BRZ IR B = 2H 7 3 (MR B 2 R /KT 0.21% A1 0.27% Ol o Btk T4
PR ICE IRV WL 1. EXWFRT =B E T, /% 2 Ju, AN EE R 1 S
r, FSAOK R WIETHT A6, B REEIRE Y 16 he HHEREMUK, &K 07:30
A15:30 Z4MEE 1 K. K 90 d.

R SRR AL S TRIKCT ORT 24D

Table 1 Composition and nutrient levels of the basal diet (air-dry basis) %
JERL Th B IRKF Th
Ingredients Content Nutrient levels” Content
2K Corn 63.00 RS ME/(MJ/kg) 11.51
SH Soybean meal 13.00 HEHR CP 14.50
1k K& Expanded soybean 5.00 £5 Ca 3.81
%k Wheat bran 6.00 S TP 0.58
fi#; Limestone 9.00 HxuhE AP 0.38




WEREES CaHPO, 1.50 R Met 0.21
S ALHERH, Choline chloride 0.10 FRBENER Met+Cys 0.47
ik NacCl 0.30 #EMR Lys 0.64
FiE# Premix” 0.18
W Zeolite powder 1.92
%t Total 100.00

DR K5 T 7 f k2 it The premix provided the following per kg of the diet: VA 12 000
IU, VB;3mg, VB,9mg, VB¢(6mg, VB;,0.03mg, VD;3000IU, VE30IU, VK;6mg,
722 pantothenate 18 mg, ¥ 2 biotin 0.12 mg, M folic acid 1.5 mg, MELf% nicotinamide
6 mg, Mn 106 mg, 10.8 mg, Fe 90 mg, Cu 6.4 mg, Zn 70 mg, Se 0.3 mg.

DB IR N EAE . Nutrient levels were calculated values.
1.2 W5he

DL—EZ R (A1 £ 99% ) H 2 1E 22 1l 75k 3 =]
1.3 R bR
1.3.1 A ERe

B E AR SO BRALE R R B B ESL pe . PR E AR E A, i
e, FYHMEE, FHYHREE. BHEW. FHEENASKESR.
132 MiElEaERESE

TIRKER 90 K, FAIFEHLEI 6 N &R, SR ML, 3 000 r/min B.C> 10 min i & M35,
—20 CIRAF- HL 600 pL MiEMA 600 mL 8% I E K M IRIEIRIES], 4 ‘CHEIIK, 8 000
r/min &0 10 min, B EJEW, A IEZRGELE 0.22 pm)id €, HU 500 uL 38 T 2 50 0
BHACHEAT i B S TR & B hr e
1.3.3  HARCHAH G R R L &

ARG TRIMALSE 5, IR H) P I, PR EOE R I8 22 — 80 “CIvK AR W IR A7, F T

SER 5t 8 B PCR A . SR 2% 6 & PCR N 10 pL AR R, BFHE 1 uL 9 cDNA Bifi. Sul

&t

1] SYBR Green ZGH K, 0.3 pL (9 LS. 0.3 pL B R #5100 3.4 pL IR ZEK . Wl
(32 R4S R R IR FE 8 1a (MAT1a). DNA HEEFEREEE | (Dnmtl). DNA L
B 3a (Dnm3a). N-HIERRTF (m°A) WHEBEE 3 (METTL3). m°A WIHTEE 14
(METTL14) WG S BR IR HF i - R TR (Ahcy)~ 53 DU A IR 17 78 2 ok e R Y 0



oW (MTR). B0 B & R 3L 45 F2 B (BHMT) FIBEBRBF—p—4 B (CBS), SR
PE XS R K 7 41 NCBI ¥t (% 2).
*£2 5WF5

Table 2 Primer sequences

PN
5t ElkE2
Product
Genes Primer sequences (5'—3')
size/bp

F:TTACTCGCCTCTGTGAAGGC
B-WzhE H B-actin 228
R:TCCTAGACTGTGGGGGACTG

F:TCGTCGTGTTCTGGTTCAGG
HE 2 BRI 728 1a MATa 151
R:GACAATGACTCCAGGCCGAA

F:CAAGATCGAGACCACCGTCC
DNA H R 1 Dnmtl 250
R:GTCCTTGTCGATCCTGGTGG

F:AGTTCTCAGTGGTCTGCGTG
DNA H 21 3a Dnmt3a 192
R:CCACCTTGGAGGTGTCAGTC

F:CTACGAACGCGTGGATGAGA
257
mPA PR RN 3 METTL3 R:AGAGTTCGATCTTCCGCGTG

F:ACCCCAAGGCTGTTTTCCAA
197
m®A PR 14 METTL14 R:TCGTCCAAGGCAGAAATGCT

F:GCCCTTTGCCATCATCCTCT
B S R e 2 P S Ay 204
R:TACTGGGACATTAGGGGCCA

F:ACGCATGCTAATCCGAGAGG
Bl B kMg CBS 277
R:AGTTGGAAGCACAGTCAGGG

F:GGCTCTTGGAGATCGACTGG
5—F 22 U S P B~ R U R FH S Fe RS Tl MTR 197
R:CGAGCTTCCACATGGTGAGT

TR B = 2 D =R R R B A SR IR B F:GCCTGAAACAGGGCAAAAGG
172
HEFElY BHMT R:TCCCTGTGAAGCTGACGAAC

1.4 HdEgit o
e LT AR HE IR R oR, P<0.05 NZEREE . A p-NaiEE (B-actin) {FANS



SE[N, A 2 MR IR M Rk . R HE P SEi SPSS 17.0 HEAT 8K T 5 2 43
(one-way ANOVA), LA Duncan FKiZ#E47 £ 5 ELECHG 56
2 4 R
2.1 ERER R Z 0 X AR ML BRI S0

HI3E 3 AP, TR AR R /K T 2 3 R BN AR PR MR RE (M S TR bR (P<0.05). BEAS 7=
WA, PR H 7 R A 38 d R AR AR R K P B T R N (P<0.05). 0.33% A
MR (MIRAD EEP-FYHRXREEMASKRERYEEST 021%M 027%EARH
(P<0.05). 0.21%HEAMRHAEAGM R EZE ST 0.27%M 0.33%EZ A (P<0.05).

23 EERREZ X E A R R

Table 3  Effects of methionine deficiency on performance of laying hens

H AR SRR /KF Dietary methionine level/% P1H
SEM

Items 0.21 0.27 0.33 P-value

FHHRERE 96.85° 101.30° 109.00* 1.380  <0.001

ADFI/(g/d)

FEER 76.65° 81.02° 85.02° 0.980  <0.001

Egg-laying rate/%

R 2.22° 2.09° 2.11° 0.0195  0.007
Feed/egg
FHHPEE 43.65° 48.45° 52.03" 0.876  <0.001

Average daily egg production/(g/d)

P EE 56.98° 59.85° 61.18° 0.479  0.033
Average egg weight/g
AEMER 0.05° 0.10° 0.27° 0.0376  0.001

Unqualified rate of eggs/%

[FA4T H03 8 bR - B R 2 B R R Z R AR E(P>0.05), ANFA/NEGFRRRZEREFH(P<0.05). F
A
In the same row, values with no letter or the same letter superscripts mean no significant difference (P>0.05),

while with different small letter superscripts mean significant difference (P<<0.05). The same as below.

2.2 ERERERZ X HNG LI T B A R R



HR 4 vl 5, SRR Z X &Y M h EEA RS20 BE N, FERREZRK T
FAT 2R ARG 1 S 35 B AIE (P<0.05) 0 0.21% 8 = IR 2 B WS I HH 22 &R H & R AN Y &R 1 &5 & 30

T HAD 2 4 (P<0.05). 0.27% 8 R 41 85 XS 1375 Hh 45 SRS 2 R & &

FLT 0.21%F1 0.33%FEARA (P<0.05). 0.27% 5 2B 41 2 XS 1L 375 Hh i 2B 1) 75 12 Y 35K

T 021%HEARH (P<0.05).

T 4 REEREZ SR M RIS = R
Table 4 Effect of methionine deficiency on serum free amino acid contents of laying hens pg/mL
T H VAR BE A BR 7K V- Dietary methionine level/% P1E
SEM

Items 0.21 0.27 0.33 P-value
HEMR Met 8.65¢ 11.94° 14.80° 0.739 <0.001
FHEE Cys 6.78 8.50 10.16 0.599 0.060
225 Ser 98.41° 71.70° 78.69° 4.101 0.008
H&E®R Gly 44.73° 37.20° 39.79° 1.157 0.015
41848 Tau 45.18 44.43 42.15 2.329 0.873
R Lys 31.32 29.45 33.17 1.653 0.619
JNEME Thr 39.52 34.32 38.42 1.524 0.363
HER Glu 27.61 26.09 22.76 1.174 0.236
HER Ala 57.78 42.95° 45.20° 2519 0.018
HEMR Val 21.30° 17.78° 22.07° 0.717 0.020
AR e 11.96° 9.01° 11.48° 0.448 0.004
AR Leu 32.43 27.97 30.80 0.977 0.171
B& g Tyr 33.89 29.54 29.00 1.288 0.247
KINEE Phe 17.62 16.38 18.57 0.416 0.092
REZIK Asp 10.97 9.49 8.72 0.832 0.561
HEMR His 27.25 23.54 23.41 0.976 0.195
= Arg 67.35° 53.24° 68.70° 2.891 0.042
% & Pro 42.66° 32.46° 37.87% 1.595 0.015

[\
$e
il
=

QU 2 %ok BN T A R R A AT O 5 TR R TR F) S



5 WA, B EEER AKX MATay Dnmtl. METTL3. METTL14. CBS fl MTR 1
XY RFAE N IR IE EA B E R (P<0.05), {HX Dnmtl. Ahcy F! BHMT 33k &0 . 3 52
(P>0.05). 021%FEAMRMENSHTMEF Dnmel. METTL3 1 METTL14 {3k & 8% & T3
fil 2 2H (P<0.05) . 0.27% 5 2 B 4 B XS FF T b METTL3 305 5 1235 5 T X R 4H (P<0.05).
0.21% A MR EXG T MAT1a A1 MTR W25 58 2 3% T Hoth 2 41 (P<0.05), CBS 3%
REEE S TAEA (P<0.05). 0.27%HARMAEAG NN MTR H20E 8 825 5 T A
(P<0.05).
Fs REIRZ X HEX T 2 EUR AU S LR 23 A i

Table 5 Effects of methionine deficiency on expression of methionine metabolism related genes in laying hens’

liver

FH VAR BE A BR 7KV Dietary methionine level/% P1H
SEM

Genes 0.21% 0.27% 0.33% P-value
RO R o 1.49°* 1.09° 1.00° 0.067 0.001
T4 1a MAT1a
DNA HIE:## 1.61° 0.96" 1.00° 0.094 0.001
1 Dnmtl
DNA FLE:F2 1.89 1.10 1.00 0.171 0.054
3a Dnmit3a
m°A RS i 2.01° 1.29° 1.00° 0.111 <0.001
3 METTL3
m°A L HE RS i 2.12° 1.16° 1.00° 0.126 <0.001
14 METTL14
R R = 1.01 1.09 1.00 0.043 0.696
e = BRI
Ahcy
JHE 1 Pk — B~ ik 1.36* 1.17% 1.00° 0.059 0.035
CBS
S-FEIIE MR 1.87° 1.29° 1.00° 0.100 <0.001

R R




L R

MTR

SR e 2 e 2 1.25 1.06 1.00 0.068 0.332
i PP B H R g Al

SRR

A
oS

H LR I

BHMT

39 R
R GR Z o0 EEXG A P PR RE ) SR
AR XS — IRB R IERR, W EXS R R A HERIIE M . BHFiRY], A
R o B BUICI, $2 = R A BR/K P RE RS IR & B AL - Ve e, SRR TP R R S B B — e KPR,
Bk SN N BRI ST 25 AR A = AT AiRBG b, PR RIS A TR KT, 0.33%K
IR BN A P M B AR AR A B, (R RHRE S 0.27%HAMA L R E % 5. Saki &
IR FLEs R, BEIRIKF A 0.24%5 53] 0.34% R 2 #5 18 m A = R, PR E,
g H PR EACES BRI R ICRHE L . Harms 256 45 SRR 0, TR E R KT
(0.20%~0.34%) X F= % | PR E AP H R G RA BELW, SRR ET 0.28%
Ja Xt ERTEFR L R . (H Keshavarz' ORI 45 BRI, 54~72 F ik 0 1 €20 80 o SRy 2
R RR B R KT N 0.36%FRAE] 0.23% 42 8 2 FRAU™ R P EEMERR AR, EE
XV H P R E AT H R B R RS .
3.2 AR T R R = 0] EENE LT U S R R ) S

L 7 5 R R IR B T — P P B mT DL BBl ok 1) e B TR (R AR AR VO o el T S IR
ZIAAFAE A . B AR B S BTG 2R, DR rp S S R R ) Bk = B 8 8 e 0t il 2 R TR
FC St B2 B BHAD R IR RR ORI o ARG 45 R TR, BIREER KT & RER
Wi AL 375 — S FERR 1 S AN L], PR AR R ER . R REARMBEAR S &, &
e EMAH RN SR, SATTAAE, SRR st SRy, WRER AT
Wi 24 1% . FRE R AR AR % B . Yodseranee 25127 AT _E IR 36 45 5 2 B AR AR
AR MR AR D RN AR R 1) &5
3.3 VARR T R R = 0] EENE R A R AR I R 1) S

NN R IR KL 20%1E B I iE BT AR, 80% L iz ik EA I A ZK,

3.1

i

i
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=

ANSY
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M2 LA - R R R AT R A SRR B AR, B AERARN A RamE
THKE ATP 16 H i S BRI H i R M (1 R Ak SR AR &R, %R R 2t MAT1a %
U, 90% A L fy S—RE FRBR U MR Bt T E SR EE RSN 1R T a4k SRR R B 2 A R
AR 2 1 P AR AT AE IR I/E ], 25 DNA Il RNA [ BRI/, AT I 4 56
K] () 2234 B % RNA A 3 g s g7 Aiie v AR 2R B = 2 3% 560 1 Dnmel  METTL3
M METTL14 )3k 5, UM Z AT 20 DNA A RNA i 4L 75 . Mattocks 55
(Ol B, 0 2 R Bk Z BB K03 B CSTBL/6) /ML DNA HEE (LA 3F R AT, i
JEEE R DNA FEEAL KT (B Lin U505 1o, R ERRAF m AR GC 54
ML AR A 2R R A 7 1 DX F K F 23 0) g 46% 0 83%, 1 AN GC w4
(9 X dok 20 v FE PR BEAL R, PDREE RN I B A R 2 S 82 A k. RNA 3L 2
RNA 5 IR R B AAE 4 77 30, b SRR B IR FR A1t PR R ZEBR Bl U 7 I e m Al
METTL3 24t m°A IR EG S AR IR TSy, Rk METTL3 $EIA A] R i
i ps3 N R4S, Tl HeLa 40H8 mCA /KP4 FIE 30%LA % HepG2 4 fu iy 712,
METTL14 /& 5 —Ff m°A FFIEFE R E A RIEER S, TS METTL3 AL 11 1L
AR SR E R E A, RN m°A /£ mRNA ERPTRP. BT TR
FIRRZ XS RNA HIEAL RIS mIE R WARTE, ARl b R R Z B E = | METTL3 M
METTL14 (32155, B EEMREZ AR 22 R RNA [ KT, 2 5 R Z 1
FIEA K.

S—HRTT R R BRAE Ahey fIE N 209 BREE A s e SR 2 A mr g AR FR
DR, HACHDE S SR [R] B 2 b 2R 1 G 10 Bt 0 e 2 Pt S B i 10 T 3R e 17
P2 AikBe b, 3 NN Ahcy RIBRBA BFE 2R, WHRAMREZ T ER QB
Pl esemd . w2l B R S AR R A 2 % — AN 2TE MTR HIfER FRIA 5-F 5-Y
UM BHMT RO F R SO AE g SR A P R P AR i R, el A il B R
MR FE: H—NRAELERNZSE F A CBS MR E R SR Y U B g, 4k
5 PR A DR R S A R A B R A A o A 224 i 2 PR R ) DY S R i T it
EIAR R F T AE B S- - TU U R, % FE R 2 SR B o H &R . ARG R, A
FRERZ X MAT1a+ CBS 1 MTR ik A BEFEW, Ui W 2 IR Gk = 7] BE 2 = > i s IR A2
PRUHE . I, 5 70 B AR R o 22 20 B0 ML 37 v 24 e SR [ 2 i 1 AT R 22 R A
SREERR, WHEERRZ TRMC T BRI REER, 9 T m P e, B
R IEAE A ) R RRRBE T RE K T F AR R 3 . BF AR M, HREARBZ Y, &Lt



BRI 1L F A A B R R PR IR A SO ) IR BEAT, RV R PR o T AR ER A2 B

AR & R AR, SRR 10%, 32 5308 2 2 & O R 42 2 1%

P2, B BRI R, BRI 1A T I A6 K BT 4N ) B o Bk S R I B B AL IR R,
S

IS A P R AT, 2 WSS BHMT FIEEZR & MBS, EA%m CBS Mg
PO, fE2, ARSI Z B B E SRR T CBS MRIAE . Tang HPHFRY], EEMR
HIF=iHT i SR AR Z R RS AL T I CBS M A G AR AR AR, AT = 2

REHEIR; HRE mRNA K E CBS RIBEIFE AL, HEA Pt XS5APITN
45 KM — 2
4 4

O HAMRGRZ T AR 7l 2K EX P ER R iR P H P REM VY EE,
S TR L

@ WA Z RLER S TR Dnmel. METTL3 #1 METTL14 )ik %, 5%0H DNA
A1 RNA F AL 7 o

@ HAMRRZ TFFR 7 METEZRN SR, =5V LEhHERMLE RN S E
LHFHE T MTR ()35, SO0 SR 1) 7 & O e i ik i 4
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(1. Henan Provincial Academician Workstation of Feed Resource Development and Healthy
Livestock, College of Animal Science and Technology, Henan University of Science and
Technology, Luoyang 471003, China; 2. Hunan Provincial Engineering Research Center of

Healthy Livestock, Key Laboratory of Agro-Ecological Processes in Subtropical Region, Institute



of Subtropical Agriculture, Chinese Academy of Sciences, Changsha 410125, China)

Abstract: This experiment was conducted to study the effects of methionine deficiency on
performance, serum free amino acid contents and liver methionine metabolism gene expression of
laying hens during late period of laying. Based on the egg production, a total of 180 Hy-Line Grey
laying hens at 62 weeks of age were allocated to 3 groups with 6 replicates each and 10 hens in each
replicate. Hens in three groups were fed different diets which contained 0.21%, 0.27% and 0.33%
(control group) methionine, respectively, and the experiment period was 90 days. The results
showed as follows: 1) dietary methionine deficiency significantly reduced the average daily feed
intake, laying rate, average daily egg production, average egg weight and unqualified rate of eggs
(P<0.05), but significantly increased the ratio of feed to egg of laying hens (P<0.05). 2) Methionine
deficiency significantly reduced the serum methionine content of laying hens (P<0.05). The
contents of serum serine, glycine and alanine in 0.21% methionine group were significant higher
than those in the other two groups (P<0.05). The contents of serum valine, isoleucine and arginine
in 0.27% methionine group were significant lower than those in control group (P<0.05), and serum
proline content in 0.27% methionine group was significant lower than that in 0.21% methionine
group (P<0.05). 3) Compared with control group, the expression levels of DNA methyltransferase
1, N6—adenosine—methyltransferase subunit 3 (METTL3) and N(’—adenosine-methyltransferase
subunit 14 in liver of hens in 0.21% methionine group were significant improved (P<0.05), and the
METTL3 expression level in liver of hens in 0.27% methionine group was also significant improved
(P<0.05). 4) Compared with control group, the expression levels of methionine adenosyltransferase
la, cystathionine-beta-synthase and 5-methyltetrahydrofolate-homocysteine methyltransferase
(MTR) in liver of hens in 0.21% methionine group were significant improved (P<0.05), and the
MTR expression level in liver of hens in 0.27% methionine group was also significant improved
(P<0.05). Methionine deficiency had no significant influence on the expression levels of
adenosylhomocysteinas and betaine homocysteine methyltransferase in liver of hens (P>0.05). In
conclusion, dietary methionine deficiency reduces performance of hens which may duo to the
change of methionine metabolism pathway and the methylation of DNA and RNA.

Key word: methionine; laying hens; performance; methionine metabolism; methylation; gene

expression
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