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FHFE THMH Eka®
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B AT - T - 2005 - DNA HEAL T Bl SIRELER] - SR SETIT
54:71-82

SEKIHH - DNA FELALRE i B AR R R B ORI - IR - B sz 21 S - HRTE ™
FEHTE A FY DNA FIELRR RIS - EIEFRE IR (non-bisulfite) FIE IR
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o Ry P EALBUE R EAL 171k 1 B2 R R REWFFEAE R 387 P BT B A
WEAIE - AN BEE B R LE I IE SZ FREMUAIIETE - @R EUERS DNA FEMERITREE - (26
BRI AT DNA FIEAL5TE - DIFRER S PCR J5ik (MSP) FymeEiZ EA
CpG B HEALAINFSE - MLTT AR RSEAER 5| FRIBGT » IR IR B A s SR
Fit LARE SuBF I 0 A ity DNA FRELAL B TSTE - 2 28 (40 Hh S8R B R AR S S O L
IR oA o FA LU AL TR S | FAE R IO ETE (Ms-SNuPE) 2 #5 H B — LTI |
T AR HEL AR DNA EHETTHRY - W DIFFALRE CpG B FHE(LAY AR - 1t
IRREHEIT S E AT - NTEFI A RGIBESS - RERE AR 285 | 7RISR - 15| T i S
T LA CpG (i E - NI MR A - BB R IR 2
TREBG - A E IR B EEIRH 4Tk (COBRA) - Ry—{BE RA%HG - EARAIE /N EL R
#H DNA 1 > K¢ FE K] 2 DNA HUEALAITERE - A R REST 3 DNA HELAYH T 1FHE
TR E B oA » S TR B AT A o B P AE SRR YT LRI 234 > i DAAE DNA F AL
ST IR E 2 B EH -

RAERE - WEAL - CpG & ~ EHoIfiBRE - JF H nn i BREE -

il

Al

DNA HEAL/EFI(DNA methylation)ig FH FH ELi# 74 lifi(methyltransferases) i /1 DNA {LEEAT(E
i HEALTE N e - — 8RR IE (cytosine) BRAY 2 748 C AL N A B E (methyl group, CHs)
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% By 5°- 1 X g W E (methyl-cytosine, “"C or ™C) » 53 — ¥ Al 2 S- R B H F R Bk S
(s-adenosylmethionine(SAM))#EifE —{i# FE B B ISEENS  (adenine, A) N® (YA - EHEL %A DNA i S 2
—EEENEEIER - EREZ4EY+ - DNA FE/LRES DNA HETEHFIE IR DNA AYLREE  EHEY
R R AT S ERRIRE AR T T BE S R B AR R R B ST A BT PR 42 %8 B (Finnegan & Kovac 2000) -

A DNA HEA bRV > HRTEREEZEMS DNA HEACEEN A BiEJEEERERE
(non-bisulfit) FIEATHHRAREE (bisulfit) BYJ7ik - FLHA DNA HEAL A AR I IO 3 FR B U BR
(restriction enzymes) » Hil g 752 BL (Southern blot)3 T S B EE S ZFIIH X E (polymerase chain
reaction, PCR) #HIE (& 1) » SESRELEAMFEE » (HZRAER SRR S 2 T TH RRHIYIA &R -
IERERVFE R TTRE R R B AR UIE - T AFFE KRN DNA » sEEER_ ARSI (Eads er al. 2000) ° 35
el P35 DNA H RRAR R 7 AR B M i - RESA R B BEAE AT L » 300 S 48 R R R
LAY - IRETRRE WY DNA » AIFEHATEEHHY PCR 51Ty - BIFTEE H AR 2 PCR
(methylation-specific PCR) » A] DLZHR HY FR A AL i meng B =CR9 22 52 5 B2 ] Bl B L U A BRI s &
FJ /51 > Bl combined bisulfite restriction analyses » f&jff COBRA ik 5 B EH BHEITRINMHER » 0]
#E1T DNA HEALAYHRE] (Fraga & Esteller 2002) -

AT F P JF 2 R e AR BB AR AR R R Y DNA FF Bl Bl AT 8RS - A E ke fitryra
BAEEN - WTDAR B IEE KB B Y 0 A U571k - E1T DNA HURALAYIFSE -

0.5 kb 0.5 kb
e 0?2 DD
—DNA 'a
Southern Southern
blotting blotting
] 1 kb 1 kb
0.5 kb — 0.5 kb

1. DIREACRIRHAEALRI B — CpG HARRLE R B - FEFIFE 7SR B5EA PCR /5% » WIFERFE R E DNA FHEALAYTH
HIREER » BB R AR LIRRENE - SrEERIRERE Ry PCR 517 » AERERIH R B /T 82 BEA D Wi I RIERE -
Fig. 1. Anticipated results of studying site-specific DNA methylation by Southern blot analysis and PCR in the case of
methylation and unmethylation for a single CpG target. Black circles indicate cytosine mehtylation. Arrows symbolize
PCR primers. The discontinuous lines illustrate probes for Southern blot analysis.
(Fraga & Esteller 2002)
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FEE RRERES 4 DNA FREA(E

FEABE I E nE AR R R B 2 DNA HIEAL /34T JTTH - Portis et al. (2004)#5 & 5 Fr Br R % AU 1
(Amplified fragment length polymorphism, AFLP) #ffirfid & FH AL BURRIBRFIEE 32 i BEHT - BISZ FH AR
JRHEIE L R 7% (methylation-sensitive amplification polymorphism, MSAP) » {2 1] F 5] Y) {7 B
% Hpa TLF1 Msp 1 %f DNA Jr BHEATYIE] > Hpa TR Msp 1 #5& Y% CCGG» {H Hpa T A& Y] C"CGG
HEy)EHEAL (hemi-methylation) (U — KA FHHEAL) "CCGG » Tl Msp 1 il C"CGG » i
P F LA B 52 2 PR L (R IR 95 R DNA Fr B et 01 (ER & 8051 “"CCGG ([ 2) - #44)
& HY DNA Fr B b #5258 (adapter) FF A FH P at 095 |7 #1517 PCR §i58 » FIIFI Eco R1 B2 Hpa 11 54
Eco R1 B Msp 1 . Z#E » RIBEMBIPERAIRIAIE - "] DLFIE —5F € DNA P32 A LB R 52 &
AL R AR EAL(E 2) 5 5350 » MRS R ARALAGREAY - W] DUSE HE — 20 By 25 6 73 JB8 17 P9 S U Was e 56
FREAE » B2 SR e HEALAY TR RE (1B 3) » b— 5k BB RG] © —2 HeEERMFRAER
P AL (isoschizomer)H Fy HH B AY WS IE » FL2K - LR A REMHIE — LEImsng 52 FH AL B2 - EEUK
fili DNA HAEALRIRERE » B2+ ma fiEl i wes i it S/ S M Was e s 56 2 R BEA L - LR S SR A a8 ) -
HE A SRR - 2255 R R Ry LRI A S A A I - Stz DA v &5 R Y o7 =Gl o M mgi g FH R IBTE -

ERELEE 754 DNA BRE(L

B E 45 E PCR (methylation-specific PCR, MSP)

1) FH B R A e i BE 43 B DNA R B bz J73E 40 4 FiroR - DNA R B R i e il B B 4% - e (C)
By M ARy PRIGEIE (U) P A8 s Ji AR WS IE (T) 5 (ELE e R B g (MC) » 468 B i v A i B 4% FLi RL
REN N e SR o Tk IEmENE > TR E R AREREE R F % - nIDUFIA PCR P& BERBIUIRY T =k
534 DNA HFALIYIET - FE3TF % A E DR SNy ik g - DIFERE S PCR 53k (MSP) By i & 12 #
JERIA WSS CpG B B Ay H Al (Herman et al. 1996) « @ 1E IEHAH#R - » CpG 15 B M e 12 R FH AR
bRy EEMEERRE 72 P55 a8 A AL - RIgr BN EE R keaiZ A6 o mAlH MSP J5
HEIRWTSEE s @ ig s FHEALR I - R R (Fraga & Esteller 2002) -

FIH MSP A7 FEALFIR R E L B A RIMRYZE 52 - fF DNA 8442 1T B iR AR ER SN (sodium
bisulfite)fE B - K47 & AR EYEITE T » 13EHF DNA FEANT |75 - EEnaE
‘& CpG FHy CpG Bz W5e%e I I » LA MSP J53E50#7 » ICEIRYBRASRAE IR G [ FB93Et B 51
FFEALTE AT AR B vk o BERR » HIB RS 2 S ok i FIER (18 5) - #E4T MSP 4347l - 5 F ¥z 8
FFAEFERE © (DRIE S [ FE5 RS AEZEMLL 1 BAREAE 55 CHI 65 CzM 5 (2)PCR EYEFLT
80-175 bp Z[H : Q)RS | T HEZ B EEVFIE CpG ¥ (HIEFEKS T HEZEE —E CpG HAEEH
3’-end 5 FLANSEZE(5)ikE e IERERY S IR CRAAEALRY Y R # 8y DNA) > 5| B S HIE CpG BY
famEnE - MSP AR B & BEARE - FriRe RdHERIEA T DNA FEALRYISTE - R EREHHE
B BRI S SR A AR R T #E 1T 43 H7 (Fraga & Esteller 2002) -

BAE/SUBRERZTFELS| FIER K FE (methylation-sensitive single nucleotide primer extension,
Ms-SNuPE)

Gonzalgo & Jones (1997)Zfe T —EREPIEE & DNA FHEMLAY T » F 5 Ms-SNuPE 3% » L5714
EFEHEMATEES T AR R E I RS DNA _FEfTHE0 Al DIFEML R E CpG i R LAYz -
SNuPE 3£/2 KB [KIfH DNA Sefl| H] S nn i iR s 8 R AR E Ry 5 | 117 PCR 53 - BERAE EIKIB
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_EJi% PCR EEW5y 8t - P Ms-SNuPE 57 ~ Taq AN **P-dCTP 5 P-dTTP » $& B P i

(polyacrylamide ) FE3H1TEE kAR R B0 HT  MAHEHAI S — % > ATEHEEEHY Ms-SNuPE 5[7-i#s
E9 2 P- dATP 5 *P-dGTP SKFEAS FHHEALAYE T (B 6) - 25tk DNA thify fagng 15 4 AL » JIIFE
C lane F7 HiBRAVIEEAS IR » &y B F R L 2B L GIRA LR > 0 T lane FrHiBRAYIEEAS SR > RIBLR
FeAb e 2 37 LR B AR (E 5) -

EcoRl Hpall and Mspl
5 G|AATTC SMCSMCG G ClCG G 3
3 CTTAAl6 G 6C5mCEm B GLIC w—5
Digestion with EcoR1-Hpall LcoR1Hpall fragment
or EcoRl-Mspl

EcoRU/Mspl fragment

#) No methylation

£coRl Hpall and Mspl Hpall and Mspl
s GlAATTC clce 6 clce 6=——3%
¥ C'I'I'AAlG 6 6clc 6 GC|C e 53
Digestion with EcoRI-pall EcoRVHpall fragment I HpalliHpall fragment '
= |
- EcoR1-Ms; g
el i EcoRUMspl fragment MspliMspl fragment
A) Full methylation  B) No methylation
of both eytosines
H M H M
EEmmE EEEE
| s I |

2. £ 5-CCGG f7HE DNA ERUALRIHER] - (A) EATENEEE 2 F AR - F Msp T fl Hpa 1T [E]RFETEIN > &
FEARRIFBE CE AN RImng 72 2 AUy - i GAREAOREIEL) - (B) & Hpa 11/ Msp T [REIYINL
REEHE > J Msp T I Hpa TUREYIEI EL@r A A/ N B CE ISR 22 A4~ R LI - ther ARRI L
4) -

Fig. 2. Example of DNA demethylation at the 5’-CCGG site. (A) When full methylation occurs at both external and internal
cytosines ‘large’ fragments are originated with both Msp I and Hpa 11 (the same situation occurs when full methylation
is present only at the external cytosine). (B) When the Hpa II/Msp 1 restriction site is unmethylated, both Msp I and
Hpa 11 can cut and originate ‘short’ fragments (the same situation occurs in case of hemi-methylation at the internal
cytosine).

(Portis et al. 2004)
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A) Full methylation of the internal cytosine

EcoRl Mspl Hpall and Mspl
5 GlAATTC chrce 6 C|CC G 3
3 s ~ T AAlG G GCMC G GC|C w5’

EcoR1/Mspl fragment Mspl/Mspl fragment
Digestion with lz‘('(JRI-M\pI&I o s e, e
EcoRI/Hpall fragment

Digestion with EcoRI-Hpall

B) Hemi-methylation at the external cytosine

EcoRI Hpall Hpall and Mspl
SmC[C6 6 ClCG G5’

Gﬂc GG_ClC—S’

5 GlAATTC
3 w— cTTAAlG

Digestion with £coRI-Mspl EcoRl/Mspl fragment

Digestion with £coRI-Hpall EcoR1/Hpall fragment ala[l!HpaIl fragment ]

A) Full methylation of  B) Hemi-methylation
the internal cytosine at the external cytosine
| —
1 .

3. B 5-CCGG (BN R AIHEAL » MM Eco RI-Hpa 11 8 Eco RI-Msp T YTEIFTHER - (A) EREIIIY
WAL FEAE SE A AL - F Mip T REEITYIRIG LAY B, » T Hpa 1 IREYTEIFT DA R B - (B) & Hpa

11/ Msp 1Y)z A MARIEmEIE 2~ FHE LR > Msp I AREVIEIMI & EE 2L AR B » Hpa 1L AT DAYJEI A A I B -

Fig. 3. Effects of digestions with Eco RI-Hpa 11 or Eco RI-Msp 1 on different types of methylation occur at the 5’-CCGG site.
(A) When full methylation occurs at the internal cytosine, Msp I cuts originating ‘short’ fragments while Hpa II cannot

cut and originates ‘large’ fragments. (B) When the Hpa 1I/Msp 1 restriction site is hemi-methylated at the external

cytosine, Msp I cannot cut and originates ‘large’ fragments while Hpa 11 can cut, originating ‘short’ fragments.
(Portis et al. 2004)
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a Problem FCR ar claning
C —C
M ——C
b Solution Bisulphite PCR
C— Ul — 1T
M — M ——= C
Top ,,.r"' T
ATTGAG
Unmmﬂmgdl_"llllll — TIIIT TAACTC
NN "J_LLLLL
ACCEAG Top-strand
TEGCTC Bottom PCR
Sequenca * | TBECTC TGGUTY FEAS,
sampla e TAGCTC
[NEREN! -
ooome | Denaturation Bisulphita FCR
1Ll COMVErsion .
Top ACCAAA
O T
NN ‘J-LLLLL
ACHMGAG Bottom-strand
TEGMTC Eottom PCR
) TEEMTC TEEMTT AL
T TR TATH T .
MITINNR

2005

4. FHTIIRERSEREH DNA FREMERYJFEE - DL PCR RO&THSEARHE AR » s34 SEIRIREIRY - &k DNA HI%E
{LAYER SR (AT FEE Sl RS T AR LIRS DNA 19 EASEMEE (B a) o 5-FRRSmsnE DU () M 4
R o HEHE Hh R LU IR 25 U] - BURESRIAE DNA FREFEEIRGNGSN (B b) fUsREErfgnE (C)
PR PRIETE (U) - MSP HIFFECRRE PCR -

Fig. 4. Principle of sodium bisulfite conversion. Standard molecular biology techniques to analyses gene loci, such as

polymerase chain reaction (PCR) and biological cloning, erase DNA mehtylation information, leaving the investigator

oblivious to the epigenetic information that was present in the original genomic DNA (panel a). 5-methylcytosine

residues are indicated as red Ms. The solution to this problem is to modify the DNA in a mehtylation-dependent way

before amplification. This can be achieved either by digestion with a methylation-sensitive restriction enzyme (not

show), or by treating the genomic DNA with sodium bisulphate (panel b) which converts unmethylated cytosines to
uracil residues. MSP, methylation-specific PCR.

(Laird 2003 )
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R Gonzalgo & Jones (1997)ifF5e#a > DL Ms-SNuPE 3543 #7 FREAL G R EE; - (DEEEITER
G375 QAN TEFIIIREIEE SR 5 G)FEFIH 285 |73 THRYSRNS » 765 [ FHEN E T » BB 2 1E CpG
RLE 5 (4TS B EEME SIS /N G DNA SET43 47 - (HSE - IEJ53ETE PCR SRy E & [ - 210
FEATE AT IR SR B A o - BRI - Ry b 7 Ay T SRR -

8 & B R ELES PR &I 9 47 ;% (combined bisulfite restriction analysis, COBRA)

Xiong & Laird (19978 T —E%} COBRA WA > Bh—EEEHMN - ERellE/ N E R KM
DNA 1 » R E B K2 DNA FREMLAVIZE - TEERITRERSNEEFE DNA £% » DNA 51 ERYfEmEnE (C)r]
DA EECR B B s (T) » 1 B AL ng (PO RIS g 2 B - & (R 8 IR SR I g (OO BURE - wTA]
BRI Bst UL B¢ Taq T 3EFT0HT(E S MifE 7) > REIEESR Bst Ul AT RIIE CpG BRI
(dinucleotides) » ] Tag I REEHFZZ B CpG BRI - TR s -hF R [B] BRI B 38 2 s P R AN )
DNA FEALTR ERYERE. » T — 5 MR I - BRB R AL G 1~ 2 1 3)7R [A] HH ER ALY AR (0 ~ 50 F1 100%)

Methylated alleles Unmethylated alleles
MS-REs MS-REs
> 7 —
- &P e S e
4 a—

|1 ||

BISULFITE + PCR

v v

e MS NS c T il NS WS c T A
REs REs poa REs REs
-~ Ms Ms Ms Ms
SLl | COBRA SnuPE SSCP STl |COBRA SnuPE SScP
v
— Primers for MSP o e c T —
*=$ Primers for COBRA, el | |-
Ms-SnuPE and MS- A s
SSCP —
Ms Ms
COBRA SnuPE SSCP

5. FHI EEERREREAHR STIE 54T DNA HIEA L ~ ARFEALFI R b/ AR A LR S0y =R MBI » GRIFFERINSO)
Fig. 5. Anticipated results of methylated, unmethylated, and mixtures of methylated/unmethylated alleles obtained by several

bisulfite-related methods.
(Fraga & Esteller 2002 )
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DNA sample

\

«Bisulfite Treatment

M

*PCR with primers specific
for bisulfite-converted DNA

= Agarose gel electrophoresis
+ Isolate PCR product

\

Methylated Urmethylatad
CG TG
e AC

+ Ms-SNuPE primearn{s})

PR - —

—_—GC — AC

l = Primer extension
+ 32p.aCcTP / \+ 32p.TTP

—_— — T

GCc— AC

6. DL Ms-SNuPE J5 &l E —BeRe i DNA Jdnsing FH A LARREREZE ] - JEKIFH DNA JepR P S anffiiess - BESR B
FIFEST PCR DIFEAEMIRR - RS THGRHEST AL AT - i Rt n] DI R R A5 [ DUEALR
B e RE TEASER - PCR ISP T LIS TR vk - T ZE R PT FRIB Fr b o3 - BE4% I Ms-SNuPE 5[~ 4B fl% - *P-dNTP
M Taq BETWHHESTS | FAERIE « EHIEHIUT - B EEDEREYITE 1596 PMRRIGEHBE TR Ik - WL
XU Frigot el ek b e BT i TSR -

Fig. 6. Outline for the determination of strand-specific methylation status at cytosines by the Ms-SNuPE assay. Genomic DNA
is treated with sodium bisulfite followed by PCR of the target sequence to generate the template for top strand
mehtylation analysis. Bottom strand methylation can also be assayed by designing the appropriate primers to generate
bottom strand-specific template. PCR products are electrophoresed and isolated from agarose gels followed by
incubation with the appropriate Ms-SNuPE primer(s), buffer, [**P]JdNTPs and Taq polymerase for the primer extension
reaction. Radiolabeled products are then electrophoresed on 15% polyacrylamide gels under denaturing conditions and
visualized by exposure to autoradiographic film or phosphorimage quantitation.

(Gonzalgo & Jones 1997)
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COBRA - Combined Bisulfite Restriction Analysis

| Bisulfite-PCR |

C>U-T
EmC'*ﬁmC'*C

Example:
i Y i N
Methylated Unmethylated
Bst Ul Site Bst Ul Site

"Ce"CE
|
CGCG

CGCG

|
TGTG

Bst Ul Site Bst Ul Site
Retained Lost

( Quantitation

Restriction Digestion
PAGE Gel
Oligo Hybridization
Phosphorimager Quantitation

Sample1 Sample2 Sample 3
- BstUl - Bst)l - BstUl

Methylation: 0% 50% 100 %

c
% Methylation = 100 X (m)

7. COBRA #BXHZiIE - COBRA RSB HH— (e T T RNBSAIRED PCR % » BEE e TRMIBEROTEIRIE R - 28
BB+ KRR (C) REBSRIGEIEE (T)  TRALAIREE ("C) HIEriERs Al
W (C) - EREELYI BsrU | IRHISIRLIGRS S - ACUTEIN POR FEVILISHEN 896 PIMREISHE S 8 - Fb
ENGEEEIB L - P S5 R O M B RS ST TR 2 S TE » B FT R IR 2 40 HT 6 (Molecular

St

Dynamics, Sunnyvale, CA) FE{TERIHT °

Fig. 7. Outline of the COBRA procedure. COBRA consists of a standard sodium bisulfite PCR treatment followed by

restriction digestion and quantitation step. During the first step, unmethylated cytosine residues are converted to

thymine, whereas methylated cytosine residues are retained as cytosine. The consequences for the restriction site BstUI

are illustrated, The digested PCR products are separated on a 8% denaturing polyacrylamide gel and transferred to

Zetabind charged membrane (American Bioanalytical) by electroblotting. The membranes are then hybridized with
5’-end-labeled oligonucleotides. Quantitation is performed with a Molecular Dynamics Phosphorlmager.

(Xiong & Laird 1997 )
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 FIIFIRRHIEE R Bst UT #ETTUIEITR - R IR HT - S BLRAT RNy (K FH B AR BE R R S2(6& 7) - 1f
R 50871 (Molecular Dynamics, Sunnyvale, CA ) 7] DIgF ¥R [E % 5 DNA AL EIE
EEHT -

8 Xiong & Laird (1997)FH] COBRA jEIf5E AR E I As R e - H] COBRA Iff5E4% M DNA
FHEALRE LRy © (1P DL DNA HEMLAYIB T MEHERE DY E & o34 5 ()8 & FE IR SRR ) FrfE Ry 43
7 5 BRI HE TR R ERR B4 5 R BE AV /T A TH S B > 75 DNA FEM bt B2 S E i -

w W

DNA HIE AL BlE (2 A0 Lhf - BEURAE DNA J351] B Rygmgine 52 ML - fEN3E1 DNA iy
ot gk ATRE S U AN IR - Ty 7 E TSR E R R P EALIEIE - T2k 5 Ay B /2 B 5
i E BB RN 32 B AL R TE B SE A BR FO & R (0 (30 DNA FREL LAY Bl m] $2 (i g ig /£ DNA
Feglrh o B BALRI T ETIISE - (B2 R AT B AL IR B S R - SR b RE A 2 - ST
BEIRAS G A R ERER A ET - BTS2 DNA ZHEMCEIREE - [t DNA fEE i BRER R B 1% - gyl
DNA (g B RIRE(C 8% T) > SRR R (A0: COBRA £ffi)5 PCR(A1: MSP Bifn)A A - &+
R AE B IR R (I B AT o R ALY 22 BB THRET - s DNA FIEMBZRIZERER - HATFr R IEE
S PR B R R B Bl - S RTHR PR R b i) DNA FEAL AR R - FMTRTFFAC & IR B% SR ~ PCR
SOEFPIEE > SIS E BECEE EER o B ERE R KPS CpG 52 B LAy 3 B ff 1T 43
HrERas - EL B AT DM & U EE T BT - AR IR SR R ERIE T - BEATHERS CpG B3
FREAE AR B R E RN P H 32 A BRI IE © R2K DNA LA (R B0 3 w1 s eEry ik
PSR » i AT O PR AR St [ IRy o A7 B 538 REE BRI b 3758 ¥ (epigenetics) {ERE N R 2 S
HHEEAR T -

5| PSR
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Progress and Application of DNA Methylation Detection'

Yu-Chia Hsu® , Hsin-Mei Ku® and Chang-Sheng Wang*’

Summary

Hsu, Y. C., H. M. Ku, and C. S. Wang. 2005. Progress and application of DNA methylation detection. J. Taiwan Agric.
Res. 54:71-82.

In genome, the DNA methylation levels are closely related with gene expression. Therefore, the analysis of
DNA methylation has become an important field in molecular biology. Recently, the non-bisulfite and bisulfite
techniques have been developed to detect the methylation of DNA. In the non-bisulfite treatment of DNA
mehtylation analysis called methylation-sensitive amplified polymorphism (MSAP) which combines the
amplified fragment length polymorphism (AFLP) technique with the application of restriction enzymes that are
sensitive to methylation on the recognition sequences. The method is based on the utilization of isoschizomer
enzymes that differ in their sensitivities to methylation to determine whether the methylation pattern with is full
methylation, hemi-methylation or unmehtylation on specific DNA sequences. The MSAP method is mainly
limited when the cytosine present on isoschizomer site, because it can not detect a number of cytosine
methylation on DNA sequence and results in underestimation of DNA methylation. In the bisulfite treatment of
DNA mehtylation detection, the methylation-specific PCR (MSP) technique is generally applied to study the
methylation of CpG island. Primer design is a crucial step to the MSP technique, making this technique very
sensitivity, allowing detecting small amounts of DNA methylation in the sample. MSP can also be applied to
analyze large numbers of paraffin-embedded and microdissected samples. The methylation-sensitive single
nucleotide primer extension (Ms-SNuPE) technique allows us to detect DNA methylation by using single
nucleotide primer applying to the genomic DNA treated with sodium bisulfite to amplify and estimate the
difference of methylation on specific CpG sites. With this method, DNA methylation can be quantified without
using restriction enzymes, and the methylation at multiple CpG sites can be detected in a single reaction by using
a multiplex oligonucleotide strategy. Low sensitivity is the mainly drawback of Ms-SNuPE technique. The recent
developed COBRA (combined bisulfite restriction analysis) technique is a quantitative DNA methylation method.
It can detect the methylation levels of specific locus in small amounts of genomic DNA, and accurate quantitative
analysis on DNA methylation sequence. Furthermore, it can also apply to analyze a large amount of samples and
paraffin-embedded tissue samples. Therefore, the application of COBRA technique in DNA methylation analysis
has arose great attention.

Key words: Methylation, CpG island, Non-bisulfite, Bisulfite.
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