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Abstract: The expressions of active methyl cycle and transfer genes in rice leaves of Zhonghan 3, Shanyou 63 and Aizaizhan

were investigated by using gene-chip and mRNA differential display under 10% PEG6000 simulated drought stress. The re-

sults showed that the methyl cycle pathway was activated in leaves of Zhonghan 3 and Shanyou 63, but inhibited in leaves of

Aizizhan under drought stress. The expression of methyltransferase genes was induced by drought stress in Zhonghan 3 leaves.

especially for the transcription of methylation modification gene of Rubisco, which could reduce the degration of Rubisco pro-

tein. Drought stress inhibited the gene transcription of DNA methyltransferse and histone methyltransferse in Aizaizhan leav-

es. The results confirmed that the active methyl cycle and transfer genes were involved in rice drought resistance.
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5 HE R E K AR T 52 o ) AT RE ML

1 M55k
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e 3 AR T AU B A [ A A R M K R
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1.2 7#i&
1.2.1 RAEGHAMIERE LE

1 B K R F 92 00 56 42 15 97 W RS 3R K R 4 1
FEAIH K 2 3 MR BT A2 21 54 1020 PEG6000 f K;
FW . EBHRER ST R L B,
PEG6000 J&—Fp 3£ /K AR IR K FH LY . i T
KIGREE B KM BEE, /£ 25C T, 10%
PEG6000 i 15 % I K2y —0. 1483 MPa,
I, PEG6000 5 FH A AH 0 i 52 14 3 43¢ 70 58K 43 W 38
Aol
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FHXT K = (i e i T — b R T ) /
I H 6 T X 100 % (220K ) .
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B AR E SR
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%% 58 . A Affymetrix 2 8 B Rice Genome
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XS 2 R Y Call . GCOS 1. 4
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E RNA H#e B FI2i B
1.2.5.3 cDNA 5 1 &1 &

cDNA %8 1 #5 /94 AR §# TIAN Script ¢cDNA
55 1 8 G R & B ITHEAT < 7E 20 L ROVARFR
KB IMA 4 pL 8 RNAL2 pL Oligo(dT) 5.2 pl
2.5 mmol/L dNTP,5. 5 uL. RNase-free WZE K, i
53,70 CF 44 5 min, 7K B0 2 min, 8.0, F 0
A 4 pL 5 X First-Strand Buffer, 1 pL 0.1 mol/L
DTT,0. 5 uL RNasin (40 U/uL), 1 uL M-MLV
(200 U/pL) JIRAT B0, 42 C F ¥ 50 min, 95C
TN 5 min 2 E R .
1.2.5.4 mRNA 2% 8/~

mRNA Z % B 2X Tag PCR MasterMix
PR & UL AT A 20 pL RNIER P IMA 10 pL
2X Taq PCR Master Mix,1 pL EJiF5[4 (10 pmol/
L)1 pL F#E51# (10 pmol/L) .2 pL cDNA #i4 .
6 pL WK, PCR Z 4% Jy:94C F WA # 5
min , 35 ¥ (94 C F30s,48 C F30s,72CF
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&1 mRNAEZREBRHNESRMESIY
Table 1. Specific primers for mRNA differential display analysis.

hE K RGBS (Chin ] Rice Sci) 45 25 4545 3 W (2011 4E 5 J)

R 4 B AL EE FH RS 5147 5
Gene name Gene symbol Gene ID Primer sequence

i PR R R A R SAMS 149392638 F: TGTCAGCTGATGTCGGTCTC
S-adenosylmethionine R.CTTGCGAACCTCCGTAAGAC
B 2 TR A MS 115489653 F.CTTCTGAGCAGCATCCTTCC
Methionine synthase R:AGCAGGAATGTCAGCGAAGT
R 230 R R Jon 4 ARD 122936794 F:CATCGCCATAATCGAAGGTT
Aci-reductone dioxygenase R: TTAGGCGCCAGCTGATTACT
DNA H 35 # i DNMTs 115451682 F: TCCGGAACAACCGTAAAGAC
DNA methyltransferase R:GACAGTCGTTCACGGGAAAT
i ELIE 2350 HMTs 115489491 F.GAACAACCATGGATCCAACC
Histone methyltransferase R: TCACCTTTGCTTGTGCAGAC
SET 4 ¥4 1, % 14 SET 115447356 F.CATCACACGCCATTTACAGG

SET domain containing protein

R:ACAAAGGGCTTCCTCATCCT

1 min), 72 C F#EM 10 min, RIVERIT I 5 pL
SRE =1 AE 0. 8 Vo B IR E IR B 120 'V H [ HL Pk 24
25 min, EB e {0, 8¢ A% .

2 AR50

2.1 FEBEXKEHARERELNRE
2.1.1  FF i sdKAG et AR A K F 0 Fm
i [T R BRI R B R X S K Y B
RBP4 BRI (] B S T B P A PR 3
XS 25 7K B AR R B /D o SR AT o R X 5 7K R R R R
L 63 g .
2.1.2 FFpiaskmGet bR —BE TN Y0
i 2 Al PEsOKRE i T R R b
E T R AL P R A E KR T2 T R . PR3 S
P R TR e/ 0 o SR A o T e R ARG 63
e XERWLRE 3 SR Z TR e T SR
Jitid S AR B B I

88
O+ 54345 Zhonghan 3

Blifi.63 Shanyou 63
WIE(f 5 Aizaizhan

87 |
86 |
85 |
84 |
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81 |
80 |

AHXF % K 4t Relative water content / %

79 F

0 1 3 5 7
A FEREL Days after treatment / d
B 1 FFFREGTHAATEREGHH
Fig. 1. Effects of drought stress on relative water content in rice

leaves.
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A ISR il ZRPA A B 5% B8 il 5 Tt | oi M T
fitg A WIRFLFEHE SAM 255 5y A EH R L
Pt i WP e B il L P L 5% 5 il DUF248 1 Rubisco
KWL S RS Wl . () sf o 52 e o0 o] 40 R L
Rl ZRP4 W L % ifF DUF248 Fl i 15 15 -S-HT K&
MR MRS, Bir A AP AR T
SAM R i1 1) 3R A WO A% e AP O R i
ZRP4 W B HE T8 i ZE 0 W IR & T i Pk B 7% il
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Fig. 2. Effects of drought stress on the content of MDA in rice

leaves.
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x2 HEISHATREZZTEREXWHAERR BEBHEXER
Table 2. Methyl cycle and transfer genes as affected by drought stress in Zhonghan 3.
=N A 4 5 B
Encoded protein Gene Ratio
ACC & il ACC synthase 0s04g0578000 1. 863
ACC Ak ACC oxidase 0s02g0771600 1. 817
2 A 2 -S- Y BL HE 2 i Homocysteine S-methyltransferase 0s03g0221200 1.587
SAM e #fi i) 52 Hk F L F5 TilF SAM dependent carboxyl methylytransferase family protein 050620244000 5.486
0s05g0102000 3.907
0s02g0719600 2.249
0Os11g0260100 1. 742
W LR ZRP4 O-methyltransferase ZRP4 0s09g0344500 3.836
0s10g0118200 3.159
0s03g0824500 0.481
AW LK 2 O-methyltransferase, family 2 domain containing protein 0s11g0303600 3.232
P LRI R % 3 O-methyltransferase, family 3 protein 0s08g0154000 1. 620
WERE A B A PP L5 RS Caffeoyl-CoA O-methyltransferase 0s08g0498400 2.867
SAM 454 37 &4 % [ SAM binding motif domain containing protein 0s03g0126300 1. 625
H L F5 ff DUF248 Putative methyltransferase DUF248 family protein 0s03g0379100 1.624
0s02g0755000 1. 587
0s04g0570800 0. 385
W R 2 T e W 3L 5% F2 iff Phosphoethanolamine methyltransferase 0s01g0695100 1. 830
Rubisco KWV 3 F BL 5% #2 fiff Rubisco large subunit N-methyltransferase 0s09g24530 1. 645
T M 04 -S-F BL 4 B4 il Thiopurine S-methyltransferase family protein 0s03g0843800 0.408
RI3 BFSHAPREZTEDESMOFRERR HBHEXER
Table 3. Methyl cycle and transfer genes as affected by drought stress in Aizaizhan.
R FEH 2 5 It %
Encoded protein Gene Ratio
ACC 4 i ACC synthase 0s01g0192900 3.276
SAM & #fi (1) ¥R ik H L 45 B8 liff SAM dependent carboxyl methyltransferase family protein 0s05g0102000 1.729
A R B ZRP4 O-methyltransferase ZRP4 0s09g0344500 2.077
P ILFE RS O-methyltransferase 0s12g0202800 1.736
W R 2 W e P 3L 56 #2 ilf Phosphoethanolamine methyltransferase 0s05g0548900 1.520
OS5k s 32 B iR W K5 # i Hexaprenyldihydroxybenzoate methyltransferase 0s06g0152400 2.099
H B4 RS fiff DUF248 Putative methyltransferase DUF248 family protein 0s05g0378800 0.552
S LB B R % 2 O-methyltransferase, family 2 domain containing protein 0s07g0464200 0.596
DNA H 55 54 PMT1 DNA methyltransferase PMT1-like protein 0s01g061200 0.438

TE 5 M R A R AL S R I 5 R
(5% sk 52 20 F Wria (95 T o [ E L R AR A7 i A
J& TR B AR W KR 2 W IR RS I DUF248 Fi
DNA W BEH AL B PMTL [ 3 4> %: H i 5% or % 21 1
SRS EREE N

XA, PR3 S i FIREIS Fe R
5% 25 R 2 3K Xk 57 0 3 g o oz A R TR AT o
HoAp 5 3 5 v B B e B A O ik TR 1Y 26 3k
ZRZFN T WA % T
2.3 FTEBEXKBHAFFEERERR EBHE
REFERZZ WA mRNA ZRE RSN

BN R B SRR 5 3 S MR A L A
Hh IR B B B AR O DR 3R OK BE X T 5 a1

N . AWFGE#E—2 N mRNA 225 SRR, 4
B (BLERAIE) T /K R it b A Ak v P PR 06 346 179 OC B
il i PR A0 A DNA L ZE 1 J5T Y 1 18 1 1) o 8 PR
e o T i DR 38 38 %) T R Jih 3B ) B2
2.3.1 RAG R & RNA &40 5 47
3 A RNA Yk B35, 45 R, &
RNA 1 28 s 5 18 s rRNA W55 (20K 2 ¢
1, A7 W RNA FE 5 58 8 R B A7 & LB 220Kk, 7]
1T RT-PCR #:90,
2.3.2 RNA 2R R F4%
2.3.2. 1 b iE PR HY G BRORH OC L R R 5K Y 5 e
KRG v 59 M A P A O 1Y B R A
SAMS . ARD fIMS, ME 4 A LIE ), SAMS
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PEG6000 CK M

A3 & RNA # K4 n
Fig. 3. Total RNA gelatin check.

APE63 Shanyou 63 £35S Zhonghan 3 B4F 5 Aizaizhan
PEG6000 CK PEG6000 CK PEG6000 CK

B4 KAt R PERTRBR S AXAR LS T F i
Fig. 4. Expressions of active methyl cycle and transfer genes in

response to drought stress in rice leaves.
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36 B S ZLA R AR PG 63 2 B ] RS T
PR 3SR A ZRN 0, SET 3N % 5 1E 5%
A7 5 R rb sz B0 S0 B0 (R e 63
B RS e R 3 SRRz,

hE K RGBS (Chin ] Rice Sci) 45 25 4545 3 W (2011 4E 5 J)

3 e

3.1 EUHERERASENTFEMENEE

W REALEE L2 NS, g
T 2 R 5 FC i It PP A 2 IR O A R R =X - i ]
oA P R LA A 2o AR v DG R

5 2 PR A B (VLS i A 15 2 Jbe IR I 4
B 2 R AT B AR = ) BT IR A W B R . W B
SR B IR AR AR AT Z2 P 30 R 25, BB 4 i
FA i 2 T A G 35 R 170 2 3k A7 3 46 2 i 0120
R FE M F v — AN G MS J5E [R] % 3¢ 35t 32 2156 30
Rz AR

FF B 2 TR 7 R 11 R O 20 R 5 AL (SAMIS) 11 4
A6 F AT E— 25 5% A8 O BT R R (SAMD ., fE £
Tl A W ol 300 25 4 T o AR A0 AR PN 3 P LA B R
e A F T SAM B4

A% 238 JRUER i 4R B CARD) J2 H B &R 5 4
AR — A0 . FE R M B P BB
T2 5 b i A ek R B R AT e A S B R . KRR AR
W ARD 3352 2148 A ¥ e a8 4 8 19 15
EF[M] 3

A 5E 45 SR B ASPUR I RAT 0 R s
FR LA B o i 32 ) T 52 0 0 4 o T A B R
3 S AL 63 it R X — R A SR
REAE T S0 551 F g Z R i F Lo R plb ol 70 2
Y .

3.2 EMREEBEENTEMENEE

SAM i it 2 Jk B L 5% 7% I X e (SAMT) &
— B Lh SRR B R Oy F A KA R (SAD Oy
2K B IR RS T . A B A AU RN v AR R A 4 e O
oL ER A Y T S SAMT i 2536051, R AL
PR AR N SSH SCPEH ik 5] 6 A4~ R ik b i
P H g 35 SAMTUS) A fF 53 46 0 8] SAMT
PR3 SR P REZE T R EENES, U
A 24 A0 B 3R B i K B BE Rk Z BE S N
SAMT P X3z SA W55, B W SAMT 7
WY K BIRAE T TR AP Re R EEEAEA.

A B RS ZRP4 FEDR 5 i S I AH L,
ABEFEARL I B B3 S0t b 2 AN RO LR R il
ZRP1 B 2635 2 8T 2 Whaa ik S UL 78
B2 W30 T AE P T R R R I 0 0 L AR A AU
16 52 Wp3E 5 2 1 2 1 0400 09 o DTG 2 5 A 0 1 e i
=P AR

WEIR £ WERE H 3 RS il (PEAMT) 1) 2 2 U fig
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AL BEIR £ WE I T4, e A R IR R . 2
A B 1 NE A ) O R LS00l R IR e A
JIGE P FIFL A R S 1% A o 9l O T R 2 A 400 i
b i e TR B BRI L L i S R Y e FE M A
FL200, FH SR S — 2/ N T IB B T AR X 40
BIEW YR T AR BRI R A — 1
TER . AW as KLY, PEAMT £ 2 3 5 k%
Pl REZETEPENES 2R,
PEAMT &3k Iy % 4 &5 /K g 0 i 52 68 ) A i &2
fEH

W e A A A B L B il (CCoAOMT) & A
TR AW G IR R R R . B R R 3 A
B TE KRG Sl 1 TR B 2 4UR 4 A5 R b oK R R GR L
AR Z B 5% i 5 K e ) R A i R O R it
ABFFEAEI ] CCoOAOMT a5 3 S0t | vh i
KZ BT R v S B R A 0 AR
HET TR R KRS I R BTk AR L 4R s T K RS )
Ik 2E 9 1 361 1) By £ R

DNA WL # ilf DNMTs fi: & SAM | iy H
B A DNA B BE SR 5 5 A7 B 7+ 1AL AR
B 5-F 3 i g e, DA T X DNA #E47 B 38 AL & i
DNA H 54k 5 41 8 (&M A TR i o el s e 1
JB PR 235 P R A s R R 2 3k 022) . B BT mRNA
22 5 ow 1K I 25 Y ORI AT & b DN-
MT's J IR 1) % 5f 32 3] 1 52 Jplh 3 1) i B0 400 1) 7 v 52
35 R Z W R . i AE L 63 DNMTs 5 [H
MEE 2B 8 EE S, B, T 58 6852 i & AT
di FL 63 1 5 DNA - H 3 A6 7K o 328 11 52 )
BB FRIE, ARG REY . DNMTs S H 1 5%
SRAERRAT o5 M b 32 2 T 52 a0 0 2 ZUH ) A b
B3Rz W WA e 63 b3z B
S L, TR0 AT RE A A R R AT 5 Al 63
MR ) DNA AR K- 35 17 52 e 5 TR A 58

HAE AW LB (HMTs) fl SET 45 #4 5§ &
F B 2L SAM b LR B 2 41 R A s AR 4L &
FI R AT B A A& i 2 1 52 o 5 PR 1 e 3k . AR
FELE R, HMTs 36 N 5% SEAEEAT S ikl rp 3z
BT 5 38 p B2 e ) i 7E 53 5 R E 63
WA AZ BN, N, 218 A B i T R AE K
it R AR EEEM .

Rubisco K/NIE KL N-H L5 55 i Fl &% SET 4%
P 3R EE 1 43 74 AL Rubisco 8 F1 R/ JE 19 H 254k
B2 BLE RS . A Y Ak T A [R) 2 B 1) 30 5
IR i A Rubisco 8 P11 0 38 5 2 R K f 2 Al

Yrxt 1 36 1 3 F) B 2% 0 #2L24 . Zheng 25020 HE
Rubisco /NI 5L 9 B JE Ak AT B 5 A2 e PR AH ¢,
B3 3t R A A i T A AT X 8 1 K A 1 R
P L) AR S AR th R 3 5k i rh Rubisco
KWK N-F L5 5% il Ik DR 19 5 5 22 31 2 e i
V5 AR AT o5 rb A A 00 0 48 1 19 5 4B A .l
63 i R B SET 45 44 38 288 1 356 PR i) 4 ot A 7 5]
TR e U RS fEh R 3 SR 2 T
AT b Z 2 B B P 2B A N TE K RS BT
SRR R 3 S B it A RHIE 63, Rubi-
sco F& [ 1 LA & 4 X5 F Bl 1k Rubisco 2 1 &
TR iR rl e A — & I APE T .
3.3 ZHERTENTRENEE

TE LA Mg 2 b ACS AL I 0 R %
oy ACCL R G i ACO fifb ACC #7424 .

ACS REM AR AR R E W LIGE
It A7 B Z2 B0 A Wy R AR AR Y D aE RS . K R AT
RHERCmATE ACC EMER R hARRE,
IR RAR N ACS 1 323k 52 21014 i 5027 R4
Wit , ACS FE R 11 8 5330 52 310 1 40 )l 2 Fn HE 5
SR AT R 1 5 L8

BEE R s R e R, p 53 Sk g ACS
FACO FEPH LLSIEAT 5 M ACS JE IR 0 5 5 5%
TRl AT X —45 R R, T 2 e ik
KRG N S 1 AR A B B KRR I i 2

AR E

(s

4 4

AWFSEE R I h B3 SR SR L
M AN R Z BT RIamEs. PR35
FIANAE 63 IR Hp i P 40 20 0 7 A2 2 R A
W5 T AR A b U sz 2 M. P 5 3 5 R
A i R SAM RS B TR e RS Tl L 4T
Fe R iy ZRPAWRTR £ Tt i T 3 B A% il ik IR 119 % o
Wz T RPERTES. h5 3 S A e R
oA 2 A 3 R IE AT A H IR RS I R 2
RE 1Y T L 45 7% i DUF248 3 [H (4 5% 5% th 2 2] T 5
e i . R 3 5 A Rubisco KL% N-
R BE RO A & SET 45 4 83k B 4 N A e skt 32
BT 58 B 5 5 g AE 2 Rubisco 8 H B9 B 2
. TR AF A iR b DNA P SRR B2 il 41 3R
L B B il 5 R 1 2 0K 32 31 5 ol i il . X
— S RAEWI KR P BE A B B B8 I 0 A AT O
SR IRIEZ 5 T 50 A N A 6] 28 B KR
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