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Abstract. To test the feasibility of bisulfite sequencing in methylation analysis at a specific
gene of rice,we analyzed DNA methylation at fragment of CpG island of FIE2A. In the present
paper, genomic DNA was extracted from leaf and endosperm of rice with the CTAB method.
After treated with bisulfite sodium, we amplified the CpG island of FIE gene with designed
primers using nest-PCR, sequencing results after cloning in TA-vector. Results showed that
nest-PCR increased the specificity of the PCR products, and symmetric sequences of CG,
CNG were hypermsthylated, whereas asymmetric sequences of CNN were hypomethylated.
Wild leaf displayed a high average level of methylation. Our results indicated that bisulfite se-
quencing could be used in analysis of methylation at CpG island of specific genes in rice.
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HATAHT . AR DNA J33) h 5-F K i
S BN B ) 2 I s , T DATE SR R 2 K
SRR bR B A R AL PR (LR AT, 2 DNA i3
FIR BB AR B 4 bt o | T IX R IR 5
RMEK, AR, ey R R, 51493
t-F1 PCR S SRR P RIS i — B3R,

T FIE( fertilization independent endo-
sperm) H:H FRik =5 HE JLA AS(fertilization
independent seed) 25 N R IEFZ I K PcG
( polycomb group) E&4), IR FHPAE
TR e R I A, B L R SR
MM R RIRILNEL AT . MGG 2
TRERPTIESS, B IT % FIE O B2 A
HEEWNERER, 4025 HER L ERNRE
BERF T REERET, 3k 2 4 FIE &
W iE Y ZmFiel F1 ZmFie2™ | Hd ZmFiel 4
RFL PR rRE, W HAERLATIRP—-H 2R
Bhd (imprinting) k% 5, JL Bid 52 DNA HE{E
FEUH KRN A 2 A FIE ZE Y,
FtH 5 I LK1 FIE F:PH 44 E] ¥ WD40
S5t (TR LR R AT . AR
FVARMR A SR i KR i MR LB R 4 AIE
HH CpG HFF By B EARE, X H M B
Y& T — R4k, B — Lo K Tg
PcG 28 J: 5 ihzh RE A FIAL i 28 Aol

1 #HR5FHE

1.1 8
LA Dongiin WiFfiK R85 b4 4%, KRS ANEB5ETK
TG, g SERSTe ot /M R BRI, BUT
J5 5 d /N K RS R B R s 2 TR, M
AR, IEMET —80 C, BUAMBERTHIM: 1, RS
17T -80 C,
1.2 ERHADNA Tt SR L S B %
HIBHE
1.2.1 EHA DNA pyIEatie Sh4b B
(1) CTAB ¥k 4EHU AN 4L DNA Jfsifh, W
DNA B8 ( 4 1 ~2 ug DNA) , PCR {1194 CAs
4 min, 37 EVEUGEEEVK Fo #% 2 ul 3 mol/L NaOH
A LR R, 42 CHlid 20 ~30 min, (2) ¥
SO R AR R B M P . AR PR S HE UL
FRELS. 4 g WERIRAHY, IKIMA 8 mL KK,

400 pL 10 mol/L NaOH, # Y6k 8. M X%
W FREL 0. 088 g X &M, A R] 40 mL K, R
iR, (3) ¥ 340 ub X KB B wom A B WAL
RARFB IR (4% Big 210 L BE B
BNAZ] DNA BHh , 9 72,55 CIRg 4
16 h,4%E 3 h 284 4 min,
1.2.2 T Sth4biE /s DNA BB, Bias &,
R g

FaEa B A& (¥4 T UNIQ-10) [l i
{45 DNA, % 4.5 ul FEEEc &% 3 mol/L
NaOH jin A 2 _3R m iy DNA B, 37 Cliifit
k.20 min, il A 28 uL 5 mol/L 4k Bk, A
1 ~2 pl 10 mg/ul (A% BT I T8 2~ 700 , I A TG K
ZR%, —20 CYLLA, B L i DNA,70 % ZB¥
PERRDLRE, BT 20 wl Keh, AP HNE R SARTE T
—-20 T
1.3 TS HAIEE DNA fi 8 B fxE
WE
1.3.1 FIRRARESEWMERESH

7E TIGR ( http:#rice. plantbiology. msu. edu/
osal. shtml) B, Help It h 25 FIE HH
SRR R A KRR ER R A B R R i AIE Z: 55
PLEG RS A A5 B FIE #:RA 2 A8 I, 203
& AE2A 1 AE2B, RiJf] EMBOSS 74k &5 f4: 4y
( http:#/www. ebi. ac. uk/Tools/emboss/cpg-
plot/) s34 KRG FIE2A FH T3 it CpG B EE
FLE, CpG 5T EMandER:, a: 200 bp,b.C +
G % & >50 %,c:CpG HARME{H/ CpG BH
B >60% ', Primer primier 5.0 #4514
¥ CpG & ¥4 v B, Bt 51 R B 81
methyl primer express software v 1.0 &4 ¥ie
e S5 AR YRR CG M e R AR, /50 M
I CG Wlumuededly T,
1.3.2 HyBELHWIE

SlrH (R DR R L Y TRA AR
T, F-L2;: 5-AATCGGATTCGGTGTAAAGT-3; F-
R2. 5-CTGGAACGTGTTCACACTGT-3,

B&3% PCR i B)F T, 589 . 94 °C
4 min,94 °C 45 s, 3B K M 67 TH57 CRadR (&
2 MEEEEIR K IREE 2°C) ,60 5,72 °C 60 5,4 —iR
KBEETER 2 K, F-LL 57 THEH 25 k,72 C

10 min,
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1.3.3 B#RERAT N
3 8 B 3 W F, CG3-L1. 5-TAAGTAG-

GAAGAGGGAGTATAAGGC-3'; CG3-L2;: 5'-GG-
GAGTATAAGGCGTGTAATAAGTTT-3'; CG3-R; 5'-
ATCCACAACCTACTAAATCAAAACCC-3',

X PCR /P , 4M89 14 :94 °C 4 min,
o4 °C 45 5,60 CHO 5,72 C 9N 5,35 MEFH, 72°C
10 min, WY, 4 T4 min,M C 455,59 °C
40 5,72 °C 30 5,40 MEFF,72 °C 10 min, WP I
BN MED T PR R 100 £,

AHFEER A PCR 93, W RNCR F#UH 3
FEERIABI IR Y 1. R BT R 7 94°CTE
P2 min J5, WA Taq &, ShEEA T G 2E R BHITT
1.3.4 #Hi{ . ZES0E

FALFEE NS KT8 DHo o B2 A4 M(S
(TR RIS SO E B RN
TF:T, DNA ligase buffer 1 uL, PMD18-T #{&
(Takara 2A])0.5 uL, DNA 5 uL, T, DNA ligase
1 ul, KEAENE R 10 pl, 16 CHE R, FHHE
e ¥4b ik DHoo R Z 441 M. BEHE R,
M13F #I M13R 51480 )5 % 5 (9 55 & i 4= Rt
HAH) HAFE ki 6 Tk
1.3.5 MEHRIW

W NCBI 7528 4> #7444 ( http :/www. ncbi.
nim. nih. gov/VecScreen/VecScreen. html) 3% &
A SERE NI R R BARAG WG, LISCA#
{RT7, BAN T BT 5 MG B B 37 BB . A
SCRE R Hetzl 451°0 42 4 iy CyMATE 7E R840
J7 ¥4t B SE R 15 B A UM AR . B Tt
Mg A R A AL R AT &R, A e HE
A BRI V3 1 SR e S T ek, BRI
Bk 6 LA LW sl BRI IE , S O v e T R R R
A AL 1 L s 2 T\ 9 B Sfe 2R T AR 4 B
], AR ANFE I A B BR A n Y H el
RO RJTHT R T 85 - e B 34k A (% )
= F R4k vy e e 2 B/ ( B Bk W Mo se S0 +
AL M REREEH ) .

2 HBRESH

2.1 HE#FEH PCR # i
2.1.1 HsX PCR i iR
Sheey M- YR AEERE, A R Rt

f™ A, i EASH 8 7 e B 100 435 41 AR, W]
LIRS EIRe S5 . Wk, 5K PCR AN T L
PCR, ] EAS 0™ e e (B 1) o

1234567 1234567

A MBS 7Y B A BY B Y. 1 ~3 IR FER Y4 ~6
FGH BEFLY =Y 7 KH R (B AN -

A Amplified product of first round ; B; Amplified product of second
round. Line 1 —3; Amplified product of leaf; Line 4 —-6; Amplified
product of endosperm; Line 7; Control (water instead of tem-
plate).

1 H3X PCR Wty M/~ iR ik 24
Fig.1 Agarose gel electrophoresis of nest two
rounds PCR amplification results

2.1.2 #J/33) PCR #H45R
Purish T LAY k4 PCR SO S — 2 5| i
PEECERT | ) — SR PR T AR TG S B AR Y3, A
Wi H U Bty R, h PCR 93 I8 ]
LUA (B 2) , Tk o, (R Rtk i
FEARWD , TR R S Ty it g a1
FHRAT U AR A
1.2 345671234567

1T L Sl

- b O

1 ~7 SRIE AU R S M3 AR, 1 ~ 3 HGE R i
Fo¥s4 ~6 SO BERLY B4, 7 3R IR CEBOTARE) .
17 ~7" SRR IR S R SR 17 ~ 37 GE T
FoU;4" ~6 HGE: BEELY 174, 7 Kk« 0 IR (AR Bk AR
#).

Line 1 -7 Amplified product without hot-start PCR; Line 1 —
3; Amplified product of leaf; Line 4 — 6, Amplified product of
endosperm; Line 7. Cortrol (water instead of template).
Line 1" — 7’ ; Amplified product with hot-start PCR; Line
1’ -3° ; Amplified product of leaf; Line 4’ — &' ; Amplified
product of endosperm; Line 77 ; Conirol {water instead of
template) .

2 PCR ¥R Rk
Fig.2 Agarose gel electrophoresis of PCR

2.2 TrBENNEZRAUARFRKEER FIE2A
EEH CpG BibH F RAMFELRE

Cymate 7EZREK {42307 WA AR 450 /P 4 R 4
& 3 s, b e i i AR | AR 4l
(K1) FHTFIITH BB 243 bp, Mo



LR

TSRS : TEARAR = AAM FriL i KR FIE B CpG i BN & 137

1 51 101
Ruler | } }

151 » 201 24|3

v
veYw -
v
-
v
2L g
v
& L

Fw
v wv|y
v wix . .

v
vw
sscseessjsssssne’

4]
ssssssjsssssse
v
rYy -
EROOEBROOO0OOOE-
IERT R RN T
LR R R B R LR B B N R N L —
slela]=lsle al=lclslal=] |
I E R R R R E RN BN ]
vevvvwvlooooey
S
ssseewensnsee S
vv
sssesssessssse
VYV
sssesnjessense

it

esessssse

LA~
[ ]

-
| Isjsinis] sisislisisis] J

o

ssssssssssssse
sssssslasssssae
cesssssjlessnsne
LA R B L R L E R B B B &
=] J=]=] [= =f=lef=]=]
ssessssesass

LA R B L R LE R B KR J
omoomojpooooow)
( E R R X R R RN E Y Y
oooooopooooom _.-~
DOooooOopoooOoO.

.00 B TR 4 RO e e B A, 5 0 BB SR MO T W R A R i, [EITEh CG B, YTB % CNG =81, = # B4 CNN =
B, SCAE BN MNP S e E L) o 83k 1 B (O6ER 2 b i FE 3] 6 BE, 973k 2 Brdlf (AR R Ar e B
MAEMEE. %3 FrEmER L EAAMVEERIE 5 d WIEFLEES MIIFPEER, T mas AU e ) il Frgiift.

CyMATE generates images in which filled symbols represent cytosine methylation, while open symbols represent lack of methyla-
tion. The sequence cortext is distinguished by circles for CG, sguares for CNG and triangles for CNN. The order of the individual
seguences (maintained from the alignment created by the user) is listed on the left. Numbers along the top( arrow 1) show the
length of the alignment or represent reference numbers chosen by the user; numbers along the bottom{ arrow 2) indicate individu-
al potential methylation sites. Above arrow 3 indicates that sequencing result of 5 days after pollination endosperm. Under arrow 3

indicates that sequencing result of leaf,

3 Cymate #HHH#IH &R
Fig.3 Graphical cutput of CyMATE

KFO5 A, Horp CG 28R a5 0 16 4>, CNG 38
FYFAIM U O >, CNIN 283 s i 30 A~

#£1 FTEABESR FIE2AER CpG BREH
RENRERATE
Table 1 Percent of methylation at CG,CNG,CNN
and average level of cytosine methylation of
different samples in rice

W BWIES d ML
5 day after pollination

Samples Leaf endosperm
CGN(%) 97.92 100
CNG(%) 23.81 0
CNN( %) 15.83 0
C HAB B
Average level of 40.00 29.08

cytosine methylation

FHETRFEY,COC “H R HAL L
PR K e i T LA R 97, 92% , 84815 5 d 1Y
MeFLH A F] 100% , sb AL i BE iy CG #4L TR
ERA ;B CG friZobi C R A WAL i HL IR
7, CNG 75 W Fvit 8L 23331 8 23.81% .0, CNN
R P EEHHE N, 535K 15.63% .0, H
CNG.CNN iy C BA e84k T, BN A
BB TRoy W b i BL_ R I, R F
FirE S o WIRFLH FIE2A Z iR s Bt CG i
e B4k & a2l /2 CGNLCNG LA CNN 4t, ik
S BETE CGN A M 1 et 2 22 W1 e 4k 1 1 1] B

K, H CNG EA B CNN = A iy b R 24 5, T 72
CNN &b e 2 4 W Ak it e i W) oP g
g AR LR IS S of IR, H e b
RN, R AL A AP M B R R KV LR R A
HP .

3 itig

IEAER WA RR S SR W A TR RO b A Wil ik,
AR AL B 1 R SF LN BB K
IS Y R fE AL PCR 514,
AT AR , Wb POR A28 45 Jr A AT X AR AR
Rl ) e RE IR - DNA TRl i
— AR A7 A 0 R AR AR AR, Dy ARl £ B AR
ARt TR B B

AHHFERY, H R4 DNA 728 Hhim i s i
BEMAL PLAAAF T ,80% ~96% ) DNA #R &4 T 1%
R SRR AR ML 2%, I A 5 B A
HHLPCR 3 i xE. —ME B X5 T
P30 G BER I PCR &, RIG LB RN
51491, ABRTEEN X9 I B R BEEAT TIN5
Bk R FIRA PCR 738, A S P 7 7 A 5
SR PR Sh i J7 ¥ LA ML B BB 75 3 0 vy o e e At
HiRFYHA POR fRBBr sy 3% I H 9 BL, T
RPN S B R PCR OV 4 R, BOR K
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o PRz ™) o S PCR XH 3 R4 T
PR3, B TR PR R A R AR

A o8 LAKREH A8 G S d IR
B, ¥ FIE2A ] CpG 51# DNA J33 47 H Bk
ZRath, MN OCHERY, £ 55 Fet
DNA J7 3] i CG o 53 iy BE 4k Ky 68% ~
97% ,7E CNG fir 57T Lk 3] 50% ~57% 2" | A
KRBT L CG a5 i m e B B fbak
IR 97 % LA B, TG 28 S W R 5 {1 i e B 4b ok
- B AR v ()[R w2 F LA . AKFE
Hrav H W Fie2A F:H F AR K B A RS E I
FALAKE T, KW Fe2A HH e fRA B,
X e AE R MhREHR. RfRil RS
Bdah B Fie2A HHEARIL P RIL B ILNEFRY
46, LaRgiIR S ZwE .

1 A, B FREE oP Mi g i 1 A
40% , M A= 7 3% ' MR FL oD M W uE T4k KR
29. 09% &, LA A SE I 0 K AR FIE RAR BT
TEHIRRAG L RBL (BIARRE), I T DNA
R el BE PR SRR A PR #E A L, vl LA T, FIE Bl
IR KT G4 LB —~E X R T,
EHMIFPELRRI T 3 4 E(2) FEERH : CLF,
MEA 51 SWN/EzAT, b CLF R R4 5 S84
B AENIER R A 24, B CLFEER Y
HedmaEtH FIE LR ibRie, TADNK
Fh Fle2A B [ E R, BM AR Ez1 HH R
AU LAR Fe2A #:H ZR k=L ), ¥ R BE
HERARBBREAFTAR (BHFALRE), NS
AR Ez1 & Fe2A HE M &I Z H L FE
FifeE s R

F AR p o R R R A5 22 1 — N B T, 2
—ANE ARV RS . ASCH RO a Rt
HAKBPRARF RS Fe2A BHEMRE UL Y
e B WA A A9 B A — & 3R 2 4E T,
HARHL AR T 05
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