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#  ZEDNA MIREE P AR SRR RN T 20, AE ARG A o0 1b R F BRI ZH Bl R IR 3R TR S AR rh i 3
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B SRS AR RN A L, G A R DNA SEa 80, Rl TR E], AR T PCR H W R B RE =k Faue A
M ML RS 3T XS A LA 27.39%, AN 45.6%, kG T A AL RS AN . i DNA FIEAL iR it T
— PP AR AR T

SRR WARFRER Y s DNA HH R4 s MLH T
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An Improved Bisulfite Sequencing Technique for Analysis of DNA Methylation Level in Arabidopsis thaliana
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Abstract: DNA cytosine methylation is a central epigenetic modification that has essential roles in the control of many critically important
biological processes, including cell proliferation, differentiation, development, genomic imprinting and regulation of gene expression. With
progresses in study on DNA methylation, detection techniques of DNA methylation have been developed to meet requirements of various re—
searches.This article has established an improved bisulfite sequencing technique for analysis of Mutl.—homologue 1(MLH1) promoter methy—
lation level of mismaich repair gene in Arabidopsis thaliana. After the genomic DNA in Arabidopsis thaliana was digested, purified, and then
modified with bisulfite liquid, the PCR products were cloned into the pEASY =T1 vector. 15 positive clones were randomly selected from
each sample and then sequenced. The results showed that compared with the traditional method of methylation analysis,the improved method
modified the digested DNA completely, reduced the modification time greatly, and improved the specificity, stability and repeatability of the
PCR products. MLH1 promoter methylation level was 27.3% instead of 45.6% . The improved bisulfite sequencing technique avoided
misidentification at non—methylated sites, and would provide a better means of research for analysis of DNA methylation in plant.
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AR, A4 DNA HEAEIF oS A T
BN, IR — RS DNA H LR
e X REEENL AT A DNA H AL ARSI 7k,
B4 LA LR - 55— B S A st BR il 2 P D) il
Pio BIB—Fh 2B B LAY T3, AT L [R] B Az
FERHNZA CpG i (AT EEREA R, HA K
R SR S I S 1 1 R AR IR AT A
AR B R B IR PCR. XIS
s K BE P 2 A5 A A H L O BB AR Al 56 —
T4t B A R R () PR T 1 PN DD B 78 R
REARTS PRI 57 s ¥ Y JREARR O, DRI e Az B PR AS
REHEBRAE i DNA Hf H AL AAAE A W] B 55 DU A2 .
B s . EAE P Frommer 55248 H AOAF5E
DNA WAL 77, ST L4 DNA P AR =3k
&M, K227 Frommer 52 LB 70, HEEA 5
PR HARERERE DNA Ao A& A LAk 1) i s e
I3t 2 B A A B Ok PR E , T FE R A g e I (RN
A5 O T X H AL DNA AR 34 DNA, AR &
CG PSS YT PCR 473G, 715 J5 PR i 4
SRR ERE , XF PCR Py b4 7y 9 H 5 ok 44k
FRAF A LLEL ARSI CC sl 2T kA
H AL . BT AR R ER A VA2 — PR R A S 0 )
VAL RN, I ER R i, ) S SOk
DNA BEFEFIER , HALSAB M fo i il 7 52 4% , (45
PCR " 3SR AR 2 2R e, DRt A SO 28—l
U AR R R I AR, HAG AR i 1 Pk Bk
P, WA RO SRR Y BT %, R DNA 1)
Ak A3 BT B A — b o S BRAR A 5 T B

1 MR EFE

1.1 ##4
L1tk

AR ST (Arabidopsis thaliana,Arabidopsis )P4
FHE LA (Ecotype Columbia) o
1.1.2 3G 5 5

YRy, AR ZAN , Trolox (K TE4EA: R
E), ZURNEETUIRIRTS , VU 200 Tl T Eh iR #h (TE-
TRAEN ), #hER I (LA ial5R134 04 A 251 Sigma 2>
Al)o EcoR I M##l Hind I A (A28 TREA PR
F) ), Wizard Clean—up resin DNA £fift. & 4t (Promega
25, A7280) , TransStart™ FastPfu DNA Polymerase 5
5 i B v A pEASY™-Blunt Cloning Kit Ewl
UG TARA IR A, PR S5

YR TRARAF ).
1.2 Fik
1.2.1 $IRGITRENZ] DNA [HEER

KRR ) CTAB 750, XU R ST 4 i SR 41 DN A
AT FREC 200 mg B ARG T4l i WA+, 72
Ay TN 2.5 mL CTAB $2HUR , 5], T
65 CORUR 45 min. &7 R EER ZU0chie, DAORIE
DNA i,
1.2.2 DNA & 54k
1.2.2.1 1E5 R FRERE

B2 pg(R KT 50 pL) DNA F 2 mL .08,
JTAHTECH 4 3 mol L~ NaOH 5~5.5 pl,42 CHL &
15~20 mino FHIIA 30 L 10 mmol - L™ &R AT 520 pL
3.6 mol * L™ WA R ZAHTE 2T, 55 CHEE/KIA 16 h J&
alifelnlie, e J5 50 pL TE #HF7,
1.2.2.2 Mt B AR RR £ 111

(1)EY K 4lif,

TEZ 10 pg MIZEH L DNA HIA 10 wL EcoR 1
B .10 wL Hind 1M B 20 pL M buffer, JNJCHEKZE
200 WL 1K ZR, F 37 CKIE 6~12 h, A TRGUIAL IR, 2
PEAEHE B S WL A L KA I D)2 45 50 42

ArlEY) 58 4, ) BRI Z S AR R T InA G
R 200 pL AT 5 5B GW, WETRS) 10
min; T 4 °C .12 000 r*min~" Z5:.L> 10 min, W H 180 wL
BT 1.5 mL B0 SREMA BT 1/10 4K
B 3 mol - L ) NaAc( 2 20 L) .40 wg FHIEFN 3
3.5 AL (650~700 L) B FILA A TG K 2 BRI 2]
J&, =20 CULTE 2~3 h(BHIK ) ;T 4 °C.12 000 r-
min~ £5.0> 30 min; 3 IR, FEVTIE A 1 mL i
B TCK B, [EER AT 5 min, FFLA 4 °C .12 000 ¢
min™ .0 20 min; FAAFUTTE P2 H0A 1 T0K CFEIR
SIE S B DEAE

BJa B UIRE R IR B0 8 s, I ETE EP BN
BE 110 SRR S 22 G, T G T ) 8 AR T e
JE R B A, 3 T4 3 min J5 L DA 50 pll JGREZK .

(2) UM P A6 o e P L ) R A T

FE 2 mL B ESCAE L INA 600 wL JCIRE K, [F] A
JA 100 WL HTALAY 6 mol - L™ NaOH 0.5 mg 7K % 1
HerE R E(BCAF R A2 0.5 mg mL™) (10 pL =
PSRRI TS (2R B/ 1 mmol 1) .0.037 g WU 24
TG HERFRER (TETRAEN) (29K /& 0.1 mol - L)
37.5 wL SRR W (2R JEJE 0.3 mol - 1.71) .0.342 2 ¢
it EE IV A PR N (R 2 3.6 mol L) M1 20 L B fic
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LI, 45 G AR R AR I AR S B R T DNA R Ak K 891

XTI s PR pH A 5.0~5.1, ITAJEEE 7K 100 wl,
RIEZE] 1 mLo

¥l U) 464k 5 1 DNA ¥ 25 wL & F PCR X
Hr, 7R 95 CCALFE 5 min AR Ry HUBE; B B A LR
DNA BUH & F UK 1 min, B0 5~6 s J&, 7 & 0
A 5 L 6 mol- L™ ) NaOH, FI#IR ST, 42 «C N /K 20
min( Z4AF 30 pul) o

HIBEEHIS 17 30 WL fifEE S 1) DNA W, o
NGB AR BR ERAE I 500 pl, HLHTEAFD
530 wL; M5 5045 TF PCR &, B8 8.0 2 5 i 11E
W, TR B 9 FMEIFET WL 1.
1.2.3 PCR V%

S EAY TR AR, 51751 0L 2.

DL EMEM 5 1L R 41 DNA WA, DL MLH1
(F) MLH1(R)N EFilF5 #1347 PCR U715 . PCR 2
NEEARE 25 WL, R Z A 0.8 wL 5147(10 wmol -
L),2 pl dNTPs (4 Fl AL 43 224 50 wmol - L") , PCR
Buffer 5 wL,150 ng & A 41 & DNA F1 0.5 pL
TransStart™ FastPfu DNA Polymerase(2.5 units* pL™") o

SRR R :94 CCHUAEYE 5 min;94 °C 30 5,55 C
305,72 °C 1 min PAMEFR ;R FBEV% PCR, FHE SR
FERPIAMEAREL 1 °C, B 2R ARERFRLE] 47 <C,

&2 KBATABSIYMRES

Table 2 Sequences of primer used in the experiment

SIMATR R BORAMbp FIFAI(5—3")

W 47 CIRKBE R 19 MEFR ;72 CLEH 10 min;4 C
pauseo it 35 PMEFR.
1.2.4 W5

PCR ¥ ¥4 Y1 293w BEREGERS FLTK , [T PCR
729, F pEASY™-Blunt Cloning Kit i®5f & 7% PCR
FE) B A 15 AN PRTETORE , ERGE L RTAE K
FEDIA w1 o W BEAS sa B i I 45 SR ) FH DNA-
MAN FAHTH 76 NCBI W3k b5 358 R e g 40 e
JRUA P AN T X

2 HREHM

2.1 A EcoR I # Hind Il NEEVII\ETF2EEREA
DNA HIEBKER

B3 MR DNA #5, F EcoR 1 1 Hind
I XHE R TF 40 L R 4 DNA 9047 1 BRI v 1)
TN zE R 1, %45 R B8, EcoR T 1 Hind I AN
VItie ot Wi m T 4 B R 40 DNA, KSR A
STRBRECIR , 584 T DL T IR S AR R ER A
2.2 &1 BT B F iR BE X B i B 0 R BR b i A 18 0
RN

BEE BB RE P a2 1 R, X 9 Fi& i i
B[] B 38 22 40 BIME A 4 55 °C .2 h, 55 °C . 100 min,
55 % .80 min, 58 °C..2 h,58 °C 100 min,58 °C .80 min,
60 °C.2 h,60 °C 100 min, 60 °C .80 min. ZPCR .Zi}g
PEEERS UK IG 2B (B 2), X 3 Pk it a] ik
A, BICHE2E R, RATEE I 6 FMEMRT,

MLH1(F) 404 ATTGTGAATGAAAAGTTGATTTTTAAT . . .

HIV:3 min 95 °C~20 min 58 °C-30 s 95 °C~20 min 58 C-
MLHI1(R) 404 ACCCAATTAAATTCTAAAAACCC . . o

30 5 95 C-20 min 58 °C-30 s 95 “C-20 min 58 “C-hold

® 1 EWIREMEIHRER
Table 1 Modification programs set up in the experiment
Fs IR BB
1 55C2h 3 min 95 °C-20 min 55 C-30 s 95 °C-20 min 55 C-30 s 95 °C-20 min 55 C-30 s 95 °C-20 min 55 °C-30 s 95 “C-20 min

55 C-30 s 95 C-20 min 55 “C-hold at 20 C

2 55 °C 100 min 3 min 95 C-20 min 55 °C-30 s 95 °C-20 min 55 “C-30 s 95 “C-20 min 55 C-30 s 95 “C-20 min 55 “C-30 s 95 C-20 min

55 “C-hold at 20 C

AW

58°C2h
58 C-30 s 95 “C-20 min 58 “C-hold at 20°C

55 9C 80 min 3 min 95 °C-20 min 55 “C-30 s 95 °C-20 min 55 °C-30 s 95 °C-20 min 55 °C-30 s 95 °C-20 min 55 “C-hold at 20 °C
3 min 95 C-20 min 58 °C-30 s 95 °C-20 min 58 “C-30 s 95 “C-20 min 58 C-30 s 95 C-20 min 58 “C-30 s 95 C-20 min

5 58 C 100 min 3 min 95 C-20 min 55 C-30 s 95 C-20 min 55 “C-30 s 95 °C-20 min 55 “C-30 s 95 °C-20 min 55 C-30 s 95 C-20 min

55 °C~hold at 20 °C

6 58 °C 80 min 3 min 95 °C-20 min 58 C-30 s 95 °C-20 min 58 C-30 s 95 C-20 min 58 °C-30 s 95 °C-20 min 58 “C-hold at 20 °C

7 60 C2h
58 C-30 s 95 °C-20 min 58 “C-hold at 20 C

3 min 95 “C-20 min 58 “C-30 s 95 °C-20 min 58 “C-30 s 95 °C-20 min 58 °C-30 s 95 “C-20 min 58 °C-30 s 95 C-20 min

8 60 °C 100 min 3 min 95 “C-20 min 55 °C-30 s 95 “C-20 min 55 “C-30 s 95 “C-20 min 55 “C-30 s 95 °C-20 min 55 C-30 s 95 C-20 min

55 “C-hold at 20 C

9 60 °C 80 min 3 min 95 °C-20 min 60 “C-30 s 95 “C-20 min 60 C-30 s 95 C-20 min 60 °C-30 s 95 “C-20 min 60 ‘C-hold at 20 °C
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T M=DL2000 marker;a, b, c Z3 0 ARIFFAIET DNA R
Profile M: DL2000 marker; Line a, b, c:Arabidopsis thaliana
scedlings DNA samples
B 1 A EcoR [ # Hind I SEGYILIEFEELE DNA FIRRIKEER
Figure 1 Result of the Arabidopsis thaliana genomic DNA digested
with EcoR 1 and Hind I

T M=DL2000 markers 1~9 JKI8 53 HIXT WP E 1 9 FHEMITE T
PEAT PCR AP SRR ST MLH1 H A0 A 18T
Profile M:DL2000 marker; Line 1~9: PCR amplified products of A rabidopsis

thalianaMLH1 targeted fragments under the 9 modification programs

B 2 #EIT4hE MLH1 EE/E30T PCR =4 Bk B
Figure 2 Profile of PCR amplification of A rabidopsis thaliana DNA
MLH1 promoter region

at 20 Co
2.3 Mg ERIEREREL NI % PCR I BIkER

K 3(A) 5B 3(B)XF AT LAE HY A2 5 i 77
A B A AR A AR AE . G
B EY G IR B A5 Se B 22 5% A TR
404 bp AT TLIERAE T R SRR H SR, LK
NGRS R — 2
2.4 fE5 0 FER £8 ) Fr % F0 ot 0 B8 8 0/ %
FaERIEEE

FRAT I B 5 AL R 0L EE T B ) MLH /Y
ATG FIi#2 404 bp F I, anl&l 4(A) Fros , HF 41
Kl 4(B)T7RN o Horp H G R B i) 404 A% 0L i) J5i ey
JEHIHE) 114> G fi s ce brih s

(A) (B)
(AR LSBT Tr 1473 04 B s (B) SR TG i B 4 7 1%
PHGN AR BL. EIHE M 2 DL2000, 1~3 Sk 404 % BEFE i
A I A S B 4 2R

(A): Amplified products adopted the traditional method of bisuifite

modification. (B): Amplified products adopted the improved method of
bisuifite modification. Profile M : DL.2000 marker; Line 1~3:
The specific amplification results of bisuifite modified control simples
B 3 #lEIT4E MLH1 2E/E30T PCR P9 Bk EIEXTEE
Figure 3 Profile of PCR amplification of A rabidopsis thaliana DNA
MLH1 promoter region

K FHSCHE A AR R ER I P EE A, X REAE L Y 15
A SE R 25 5 30 5 S5 s e 4 e, 114~ CG AL
3 NKREEAL A TG, mCpG/CpG A 27.3% , H HAL K
BN CpGT.CpG8 . pG 10, TR FHAL S8 i A FR R
FPide, XFREREAR 15 A e Bl P45 55 J5AR P 4
X 1A CCALEA 5 DAREEAE N TG, mCpG/CpG H
45.6%, HIALIIHIS N CpGT.CpG8.CpG9 . .CpGl0.,
CpGllo HCASPRMEIRRCR I , etk J5 B i vk
A R I Aiff b S SR T MILH SR R 3l
RS

3 g

AR 6 H S BIFSE iRk i 2 | i 29
DNA HIABWFFE AT A A AR S0, BF5E R 3R,
FH AR ROME R, 25 RO P A AR A — 2 B PR

U D STV TR e I 7 2 45 = 25 BRIy v )
5L S FEAEY DNA HIEBAFGEH , DNA B3
JULRE PCR 938 (1) 602, sl IV A i k0 2 AR
FERR B X DI IS 19/ A B DNA 81 7
&M, A F DNA BMi5E 4. G, kA
55 CURAEZY 16 W™ AL EBFERT, M HXT DNA i
JRAR KA BE (457 , 52 IS 211 PCR 314, S5t e 52
PEASR A R 4t o A [IRE ISR 25 51 i AE e
Y E R W SRS R B 0, R, BRAR Y



I, 45« A B R R I R AR S SR T DNA F A7k 893
' A
(A) MLHI1(F) 4 1 (X Ik MLHI(R)
—460 —434 | -433 80 %—79 58 0 (ATG)

CCCAATTAGATTCTGAAAGCCCACTAGTGGCCCAAATTTATTTAGGGTTATAATTTGTCG

(B)

CpGl

TCGTGTATACCTTTTTCCTTTCCCTAAGCTGCAAGAAATCATTCGTTGTGAAAGTTGAA

CpG2

CpG3

CAATGACGACGATGATCTACAATCTTCCAAGGGATTTGATCGAGGAGATCATTTCTAGGG

CpG4 CpGS

CpG6

TTCCTTTGAAATCTATGAAAGCGGTGAGATTAACTTGCAAAACTTGGAACAATTTATCCA

CpG7

AAAGTGAGGGTTTTACGAAGATGCACATTGGTAAAGTGACAACACCAACAAGAGATGGAG

CpG8

AGACTATGATGATCATGATGATGCCTCACAAACTTTGTTTAATGAGCGGTGTCGTCGACT

CpGY CpG10 CpGl1

TTGATCCATCTATAGAGGTTAAAGGTCAACTTTTCATTCACAAT
4 BIEFEE MLH1 B3 FERL 27
Figure 4 Analysis of promoter of Arabidopsis thaliana DNA MLH1

EEARAE S-H LM RE (R B IS OL T, 4K
ZH0 CHAE R UL IR AT DNA BYREmEA Z 55, DI
PRUE B AL 3BT 8 SR BREDS191, SR FH et SV At i )
FPHEAR R 2R S5 T B A [R], A S b, bk b
THHE BT P, [, DNA B REAR AR, 518 1 A H
MR B A AR st e M E M, OE T
HHILAb AT I RS . feJi, R T A 3 S8 2L MER 1Y
CpG 1715 B AR L PEAh ek I 0 0 B R k)
AIRTA T, FRATH 3 AR IT DNA B, F R e i)
AR FRER I P, XHUFE T DNA B AL HR
15 SPBAMETERE, )3 Hr il EE ST 4 MLH1 S5 RS
Sl XA AR KO o el 0 I A R R0 P A H
FI ST MLHI JE 307 X3 11 4> ¢ fisiA 3 ML
FRAE B IEAL WA G 6 AR R R I 7 4 A H 4L
BT MLH1 J5 8h FIX3 11 4> ¢G i 5h8 5 Musk
BRI . DT AT AAS Y G A R R v B
LA e, R Gl SRS AR A

HAET, AXMPFERL CpG & X I8 P g ms i
(Cytosine )7 4 (A HH JEARAIRAS DA K H AL 28R 5%
IHGE , FEAE TR ) B AR S Al PR s R 0 1)
A K R E B B A S A I R e Tk K F 2 1) A A
ko2, B A AT S8 DNA B 381Kk Az ik
AR R 3B L AL 22—, [ N
LJEMET AHY MMR R24H MLH1 3K 5 2513
PSR AAAE LA S L SRS 7 4 JE e
TR EA RN A HGE ¢ D

4 58

SR FH S S A R 000 5 AR AR R L B A
JEF XS B /0N B BE DNA #5114, S8 T DNA
RS AL . SRS TR R AR T iR
(DDNA Jr Beigise 4x; @B, kb EBiFe
s DDNA FEMRAL, B0 BB R R R
FeoE A A, (RIE T R 34k A Hr i R

SN A R R 00 2 AR e o A s g IR 3
FHEACRGL, HGE T IR R, AL
PCR NIA A 21 F CpG & AR A I 243 T
i, LH WY CC WG 8 T ISRt T 5
2o R () A R R s, W LATER T 4L
FIJT DNA HEE AT 2. AR SCEE R
RUEAT T U5 Y W af 75 5 0 40U RS T 4l L PR R e
e (AR DGR SE , 4R A5 T BT i B gl

Sk
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