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Effects of 5-azacytidine, a DNA methylation inhibitor,
on embryogenic callus formation and shoot regeneration from
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ABSTRACT The modification of DNA and histone plays an important role for gene expression in plant
development. The objective of this research is to observe the effects of methylation on the gene expression
during dedifferentiation from rice mature seeds to callus and differentiation from callus to shoots. The
embryogenic callus with ability to shoot regeneration was not induced on the N6A medium supplemented with
5-azacytidine and abnormal callus with brown color was formed. When the normal rice callus was placed on
the regeneration MSRA medium supplemented with 5-azacytidine, the shoot regeneration was inhibited. The
results showed that 5-azacytidine, DNA demethylating agent, had negative effects on normal embryogenic
callus formation and shoot regeneration. This suggested that DNA methylation of some genes was required
for normal cell dedifferentiation and differentiation in tissue culture. The microarray and GeneFishig" W DEG
screening were used to observe the gene transcript profile in callus induction and regeneration on N6A (N6
medium + 5-azaC) and MSRA (MS regeneration medium + 5-azaC). Subsets of genes were up-regulated or
down-regulated in response to 5-azaC treatments. The genes related with epigenetic regulation, electron
transport, nucleic acid metabolism and response to stress were up and down regulated. The different
expression of some genes {germin like protein etc.) during callus induction and shoot regeneration was
confirmed using RT-PCR and northern blot analysis.
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DNA methylation2 453} 55, F%°] 59 ZE A&
AIH dohs Aoz SAA W, GuA Fx U
transposable elements®] 4, genomic imprinting, FHA 5
I st ditAo] ole AoR 4EA Yt (Mohandas et
al. 1981; Miura et al. 2001; Rabinowicz et al. 2003). TL5A4&
o & genomic DNAE LAIB}L QL+ cytosine2] 20-30%7F
5-methylcytosine e} 2 methylationo] Fo] glom CpGet
CpNpG 2} zhelofl A T F-E methylationo] Lottt (Richards
1997). DNA methylation-2- target siteo]] Ho|& UOH HA}
olA7} A2gst= AL W5t methylation® §-5-2) chro-
matin 7% Fe7} ASFORA WS oL Ao
ad# A gtk AlE we 34 F<to] methylation levelo] ¥
Shzdl ¥l daet dETh oF 20%9 W
lation =2 Jom Zx}ol| A= o E Tt methylation©]
A 5 U= AR vepyth BF @RAE A methy-
lationd] ®ish= 7|3}to] B4l vernalizationd thAlst=
9L st 27|MSE FEotAY Hash A 71
& YA 2 AIET o8 TEE Yehye AR
Hol Algurge] 8% 9% e As ¢ & Ao
(Finnegan et al. 1998, 2001; Kakutani et al. 1996).
ZAufokoll A TAEl= AL Hol (somaclonal variation)
wo] ol gl HALOZ DNA methylationo] o]2{gh
0]9] 3 ¢iglo s AAH Tk (Kaeppler et al. 2000). A&
olM 7} & L A EZ E3F AL P29 AAE v
o 2 o] 1A Zote] alojifi= DNA methylation H3H=
a5k go] AFEolA gtk wiAlel] Hrhee HE A%
FE29]24-D, NAA, IAA 7S T2 29] L7} &0l4 9
ufz} GO 2o A FA T DNA methylation = F7}H3
otz &elA 9ok g7y DNA methylation 82 A|EZ &
3} 279 A7 3H| BAdA R B HE AeR YEl
t} (Lo Schiavo et al. 1989; Munksgaard et al. 1995). Bern-
acchia 5 (1998)2- Z4o| BHkat G| SF 422, shoot, root
9} d¢7]o)A] DNA methyltransferase Metl-52} Met2-21 2]
utgo| e #-9 makstg on o] 2 DNA methylationo] |
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s19ick. Chakiabery 5 (20032 AH2IF <l4te] AAE
ukA Eoto|| cytosine methylation®] Axel b B 2
HjAFY A A HAZ 9] DNA methylation H]-&o0| A}
5 wekekn ek Holg Arzalel o2 7]
Aufoko] ojste AL3pH Aul, olEshe Aefi 23, o
A A, 71RES AL 2 UH’“OE AFLP "S-
AH23lo] DNA methylation AN A8 AT methylation
of Hsl= AME ufg (somatlc embryogenesis) ¥} 7]
3} (organogenesis) Apolof] At 2ol QIgtt (Xu et al.
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2004). FaolA A LA A u}m o A7hes ALy
3 24 2 24 A0] 27] H) W] F3FE Fe00)

=0 2=20) DNA methylation2 §718Fch 315t (Leljak
-Levanic et al. 2004). AFSFo A 2 AEZHZHE
7190 g2 229 dAE vehiE 39 A
cell lineo]] T34} DNA methylation 4~59] B35 AP
B A3t methyleytosine 432 organogenic lineof| 4] 183 +
0.6%9) A 5-E] dedifferentiated lineo}|A] 28.8 + 0.5% 7}A] T}
37 B9tk Z organogenic lineo A2 Fe|A EA
o] ¢}o]A]i= dedifferentiated line &= 7}HA methylcytosine
9] H|&o] Z7l5H= Ao et o methylation F-S
#A3}= 5-azaC (5-azacyt1dme) 59 B4 A A= we
e So] dalx= AL BASIHT (Causevie et al. 2005).
(2005)2 9 \,4 RIATZRRE AFHOE
GEHE AN Y AAHE ARSA A2 &5} AL
o) Wiz} (M Z2 5 wjAFA] AE) DA o)A DNA methy-
lation®] S ZAFSFSITE DNA methylation SA| A1 5-azaC
B ol Ry R RE| WA AL 4L Ak
oof wje) Yo 94 kol w2e] LECI (eafycotledon
1)-like embryonic gene?] DeLEC §-7AF ¥H3-& A3ttt
oj2at Ay} ol A AHAE H27} s g AZE B 3}
Aoll= DNA methylationo] % a3t 9&-& e‘g}t};f_ sk
AT AR08 4EA AR 240284
ErE 3} (dedifferentiation) @} E-3} (differentiation) I+
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253 8 222 24D 2 mgh7h A7FE N6 ¥R (Chu
et al. 1975)9} 5-azacytidine 50 mg/l 37} N6ujR] (N6A)o]|
27k Agste] 28°C, o AdERell A oF 377t v koAl A
Y28 {718tk G718 Heas A AESH MS
(Murashige and Skoog 1962)H]j#] (MSR)%} 5-azacytidine©|
50 mg/l H7HA &3 MS B 2] (MSRA)of| 2| 4Fato] |l 4
ol A viatEA AEs Pt WEekch A E
HAE gt total RNA £2|E fJ5te] ZF DA HeA

RNA 22| & FHAF 2 24

total RNA E.2]3= RNeasy isolation kit (QIAGENE)E A
ato] 2elstoich. HelE RNAE AHEshe] thgdt Zol
reverse transcriptionr 310} cDNAE &HAI8FAL) : 3 ug total
RNA, 4 pl reaction buffer (Promega, Madison, WI, USA), 5
ul dNTPs (each 2 mM), 2 wl 10 uM dT-ACP1 (5-CTGTGAA
TGCTGCGACTACGATIIIIT(18)-3", 0.5 ul RNasin RNase In-
hibitor (40 U/ ul Promega), 1 l Moloney murine leukemia virus
reverse transcriptase (200 U/ ul Promega)s 2318}l Sl+= Ht
S 20 WE 42T oA 147 308 F2k H-SAIA Tt o] 37
§144 5 cDNAZ GeneFishing™ PCRo]| AM8}sich

GeneFishing™™ DEG kits (Seegene)S AR-5}0] ACP-based
PCR ¥ (Kim et al. 2004) 0.2 t}2 A A== SARE
2383} Second - strand ¢cDNA €42 3-5 ul (about
50 ng) diluted first-strand cDNA, 1 ul dT-ACP2 (10 uM), 1 pl
10 uM arbitrary ACP, 10 pl 2 Master Mix (Seegene)S 23
B}l Q1= 20 wl 9S8 94C | min, 50°C 3 min, 72°C 1 min
oA & cycleZ ¥hAIZTE L ohE @A PCR ampli-
fication 94°C 40 %, 65C 40 %, 72C 40 2 ZHCZ 40
cycle ¥HS A7 T 2T oA S8 52t Aeisioink o2
A= PCR AHE-S 2% agarose gelof| A E-2]dto] HiE Zjo]
g st

A K{2210] DNA methylation HAAQ! 5-azacytidine2| HE - 135

Microarray &

H| 45K &2]31 chip (NSF rice oligonucleotide array 45K)
& A8} microarray £43-2 3] S-azacytidine A ] u}
2 oAz 98 BAL 319r] total RNAX Bioanalyzer
2100 (Agilent)Z ©]-83}¢] 28S rRNA/I8S rRNA ratioS 23
3ko] RNA QCE 433l £ microarray2-4lo] AM-SIILY.
Labelling2 Amino Allyl MessageAmp' " aRNA Kit (Ambion
Catalog #1752 Aot A 2ARY] W02 RNAS o
3FE 10 ug antisense amino allyl RNA (aRNA)Z cye dye coup-
lingoll ARSI LE TR+ cy3, AETe cyS dyeE AHE-
5}o] labeling ¥l ¢cRNA 20 ug hybridization®]) AR&-3}3it}.
MAUI hybridization systemof|4] 42°C, 16A17} ¥F-3-% Axond000B
270 o)A GenePix v6.0 ZEIWE o]&3}e cy3, cy59)
intensity 5 245}3c} Normalization T} L3432 Genespring5. 1
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MethylationO] # Z2{~ 77| I M=l OjX= F

B FAESE Aes ¥4 9 Az AR A2
Bz embryogenesis TH& AAA o]FojR| = Aew U7
A Qe ol AE 2o ERE ARz 2t 4
EA 29 AR} BgE A Aoz 7 Ao methy-
lation inhibitorg] 5-azaCS #2lsto] YUele] EalutA o methy-
lation?] GE-S ohL A} sGict. ¥ FAE FAA Q] N6
] (N6)$} 5-azaC 50 mg/lo] F7He N6 viZ] (N6A)ol| Z+2}
Astel AeAg RESHY f2E ALE YA
MS A3} v 2] (MSR)} 5-azaC7} 471l MS A3} v %]
(MSRA)o|| 2]4¢sto] Aejs 7] et e 9 A3t 2
Ag AT ESkth 5-azaC7h 74 viX|ol A B FAREE
AL F7le "o A =T} S-azaC7t gl v Ao
A AR oR FARE Aearch Aok E3F FAA
i 2ol A FAdEo} o= Mo Mo] AlefMolHA &
ol miTie]-e £4& Uehll= widA Aejis A ¥A
57 gkgth. oled @R & wf vjR Y S-azaC H7}
7t AHA §7) 9 uaA B s Ao FAHA 4=
Fohe S o 4 AT ofRE AL SamCe] 93t

DNA demethylationo] ¢]3F Ao 2 vjelytc) whaba AAMA
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W B2 BAolE olo} BREE SRS
methylationo] B4l RO HZF oS HAHAE
Wdof d¥E e AL & 4 USTh N6 vz oA A4
Aog PAE HejAE MSR A7} w29} 5-azaC7F A7}
 MSRA A3 viA 2 §A4 AeA Je L AEsE o
Asto] & An FAFA MSR Hixjof A= 2-35 ol =M
o] A7IAA AEA AE3rt AR er o|RojFeh 1
2| 5-azaC7} H7Hd MSRA HjA|o) A= A A7} 2ol
EHA Este AY FofuhA] elgkt (Figure 1 A). ojeh=
A2 5-azaC7} A7HE N6AoA 3/9% A7} MSRI}
MSRA B Zjojl ] BjQFE| Gl Wiz MSR B Z|ojlA] ZHE=
AE7h BAHA o] PAE = AR ey 11 e
2 A4S Wk AEA R A& A o] FoiA|A] ¢
okth MSRA HiA|2 2|4 Aejaes ZWA RSt Alajsle
B o] ol AR AAE AY FAHA T A
B3le o]Zo]x|A] ottt (Figure 1 B). ©]2|3} methylation
ol AA£ vF Azt 7| BEste] T8 FS Eohe A
£ 92 A5 BEglch Causevic G (2005)& 22 At
g AEA 2 shoot L3} 5o Y2HA FFA
o] ghdslar A|iejo] E31E organogenic line (0), 334
o] @ulslal AjEHo] B3} nonorganogenic line (NO)I}
HE7L glodA BEAAQ FHE St e dedif-
ferentiated line (DD) 37]9] cell line S F7]3}Th o] cell line
o| hydroxyureaZt-2 methylation& 5747 &2 5-azaC

Z+& methylationg 7ZHAA)7|= E4S A3ttt Hyper-

e @
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Figure 1. Effects of 5-azacytidine on the callus formation from
mature rice seeds (dedifferentiation) and regeneration from
callus to shoots (differentiation). N6: N6 medium + 2,4-D 2 mg/l,
N6A: N6 medium + 2,4-D 2 mg/l + S-azacytidine (50 mg/l),
MSR : MS medium + NAA 0.1 mg/l + Kinetin 2 mg/l, shoot
regeneration medium, MSRA : MS medium + NAA 0.1 mg/l
+ Kinetin 2 mg/l + 5-azacytidine (50 mg/l).

methylating 2] Z3} O lined| A= e HolE 4719 L
o 7|34 EAo] glojAHA dedifferentiated lineofjA] 2
= SIQF Mo A2t FAHEU2H NO lineo| X cell
dedifferentiation ¥4 H 3 DD lineoj A= 31N E&
ZHstaA F= 4L YeEgich. DNA hypomethylation
o] &= 02 NO lineof| A 73} dedifferentiation-2 L}EMHAL
DD lineoj| A= &M &ARS Bkl 313}, E3F Yamamoto
S 2005y F2] RN ZEREE AAZ iy dA F
oL Zgo] S-azaColl WHTAE Potklr] I3t HAZ
oy Fete] o] dAo)A S-azaCo) FEE FARsLo]
DNA methylation®] &ghS dolR et} 5-azaCE 2, 4-D&}
2o} 24X7F Ft wiFo] HEet Aup th2Tef A
AA 2l Y WE7E %k 2, 4-DE 2447 A £ 3¢
¢ 5-azaCE A2shd AN Z wiF Aol AstA A=A
t}. o] 77t &<toll DeLECle {3 HdE AUk
24D Ag F 3URH 4U 50 5-azaCE A2 H2o=
AA L eEbgo] A=Ak 2, 4D 2] & T9RE 7 F
¢t azaCE A2 & 7ol AAE sfdAoll M8 ool
et olst AR 2, 4-DE 24T A F 79 54l
DNA methylationo] HA|ZofA viFA] 22 H3}sl=o]
Yol kT stk Alul2igt Qlitoll A AA|E i
Qte]| cytosine methylation®] Hwok GFARS & Z3} u]ujAtA|)
We)22] Aol Al 5-CCGG-3' AH2]2] 16.99%7} cytosine methy-
lationo] Aol BHH, wjAHA| W A0] Qo= 11.20% %
X B8tk (Chakrabarty et al. 2003). A] 9] A9 A|A) 2
v (somatic embryogenesis) ¥4 F<to] DNA methy-
lation =22 U] E3HE ejAoA 7HE kA wiAkA A
g, WjAA Ajaz Ry YRS AEA ¢o& 71HA
dolzl= Ao g Uehgth (Xu et al. 2004). Shoot organo-
genesis oMo |3} HH AT} organogenesisE R
5 ¢toll DNA methylation 371 91gl o 7| Hdshs 53
RS o M= gefe] £EL R BEsE RS Bl o]
3t RE 22| oF 1o Yojub= DNA methylation A
& 183} oto] 2 A 7| BESe} 71 Wi AEA), al A
OF v A =R E AQESFE AEAl|A] H5=gt methylation A4}
S Hyom n)Esle A7 A%} organogenic callusof| A H]<%:
3t methylation =52 U SITE Solgh AL wjiAH =2
B AEshd AEAL 7| 3E3E S8 AESHA o4 DNA
methylation 9F4r0] Th2A| LERdth= Aot} (Xu et al. 2004).
Sako] A4 zuf Yol 4] 71 32 DNA methylation



H OSEXNZFH Mo deis 83d 9

2, 4D H7} WX 9 ALY B NHClo] H7HE w2 o)A
| oFE] preglobular 2} globular THA|2] oA} Uelstos 1
270 §li= BiAY S-azaC7} FH7HE iAo A B4 k]
heart®} torpedo THA[2] vl2 Wrdsl= dfoAl= DNA
¥Z8] A5kt (Leljak-Levanic et al. 2004).
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SR AT methy-
=1}, Figure 29} 11
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5-azaC7} @7}51 BHX] (A-3, B-2, B-4)oj|A] HhEoFo] EA 3
Sob AE Btk ol Ul Hol g Rolk WES ¥

2], 22Y35to] FAHRE Felst 27 putative splicing factor
3a {I), Glutathione-S-transferase (II), alcohol dehydrogenase,
germin-like protein, phosphoglycerate kinase, protein translocase

Y FAAEE S-azaC FH7EE HEYo] F7HE A2 Y
Ebytal, AT-hook DNA binding protein (IIT), metallothionein-
like protein, putative cystein proteinase inhibitor 52 WEHF
of Fa3lgith Xu 5 (2004) o] 22ujeke] of 2 23}
Ao 4] AFLP 9% O 2 methylationy} B3 E= A2 R 1}
Ed s FoA 27 Bojzo g Yeid e 28Y
do] Bl 2 A3l DET19}F Ca2 + dependent, solute carrier
-like protein o}tk &}ich

F 2ol Eo] FAA EE A £490] DNA chipg 0183
microarray o} dal o] 451 §It}. Changd} Pikaard (2005)
+= ofj71A o] ] DNA methylation®} histone acetylation AFEj
of W2 A FEE Fobr] Aste] o7 E demeth-

1000b)

500bp—

Figure 2. Electrophoretic fragments obtained by GeneFishing' ™ DEG screening. A-1, 2: callus induced from N6 medium, A-3:
callus induced from N6 was cultured on MSRA for 10 days, A-4, 3: callus induced from N6 was cultured on MSR for 10 days
(4) and 21 days (5), B-1: callus induced from N6 medium, B-2: callus induced from N6A medium, B-3, 5: callus induced from
N6A medium was cultured on MSR medium for 10 days (3) and 21 days (5), B-4: callus induced from N6A medium was cultured

on MSRA medium for 10 days.
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ylation 2191 5-azaC%} histone deacetylation ] A3} tric-
hostatin A (TSA)Z Ztz} ®i= EAJo| Xalste] v &
st

Q1 N6Hi R &} 5-azaC7k 71 N6A v ]o A §-7]
¥ 2|04 DNA chipg o] gt §7 B Aol
& 23 Newjx| ol A A {7] A S-azaC Aol 9faf 384
N} fA7E 3l o]k HE SUHE RElon &3} x|
oA S-azaC A2] &= 116709 {414 Wado] F7b=9]
o ol AelA {7] Aol Arst el Rt 5-azaC Aol
ot fAz HEo| B FHFE = AR FE2HH n}
APMA & S-azaC AJE]ol] ol 3 uff o] HHo| fHAdte
A A §7] A7 Aish ARG 701789
2957 SAA2 29 o]AF Wakrh TIGR annotationof W H
7)5ol AR & FAAEY] W] E3on epige-
netic regulation, AP Gl Toidl= OX%X}E, A A}
A, 2B A W fAAEY ddo] wokAls A
& 4= UL (Figure 3 A). ol {3t A4 JAF4 0= N6 H
Ao M {718 A AE 5-azaC7} F7HE A28} <] MSRA

1 H [o]
microarray £-4-&

Electron transport
B Bidlogical-process unknown

[0 Nucleobase, nucleoside, nucleotide and
nucleic acid metabofism

B Regulation of gene expression, epigenetic

W Response to stress

[ Cell organization and biogenesis energy
pathways

W The others

Figure 3. Grouping of differentially expressed genes in callus
induced from mature seeds on N6A medium supplemented
with 5-azacytidine by ¢DNA microarray analysis. A: grouping
of up-regulated genes with >3-fold by 5-azaC, B: grouping of
down-regulated genes with <3-fold by 5-azaC.

B Electron transport
M Biological-process unknown

0 Nucieobase, nucleoside, nuclectide and
nuclele acld metabollsm

[0 Regulation of gene expression, epigenetic

15% 5%

W Response 10 stress

[1 Cell organization and biogenesis energy
pathways

B The cthers

20% 10%

Figure 4. Grouping of differentially expressed genes in callus
on MSRA medium supplemented with 5-azacytidine for 10 days
by cDNA microarray analysis. A: grouping of up-regulated
genes with >3-fold by 5-azaC, B: grouping of down-regulated
genes with <3-fold by 5-azaC.

2 At fe 22 @4 YERHAT (Figure 4 A).
E5F THYGo| HolAjE 44 F7% BT AE UE
Wi }lct (Figure 3 B. 4 B). o|2|gt A1}2 & u methylation®]
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ST A U Ao g A Aoz F2E ¥
¢ AL oo weidte e 2oRE AR,
Apriab RSl #EE e Ak 4 4 T
Causevic 5 (2005)2 o2 Hd Fe|E Hoj= A

organogenic line¥} nonorganogenic line®]| 5-azaCS 2]t 2
I} soluble peroxidase E/Jo] 44F3| S7stArta 31% 0™
B4 A3} methylation 9FAro] th2A vebyttha
81T} 2 A A= DNA chip 4 A3} peroxidase famlly
protein W& G-} WHeo] As| Z713t 2& Ho] F

T} (Table 1). Table 12 microarray £-4] & ¥Hg] ko] w}2 EH
40 FAAEY HE5F e Aotk 7t 23} T4

Southern

1.2 3 4

12 3 41 2 3 4

P

Figure 5. Gene expression in callus on different media by
RT-PCR. A: Agamous like MADS protein (AY177696), B:
Alcohol dehydrogenase (EF122490), C: Metallothionein like
protein (AY833008), D: Germin like protein (AF032972), E, F:
Glutathione-S-transferase (AY271619), 1: callus induced on N6
medium, 2: callus induced on N6A medium supplemented with
5-azaC 50 mg/l, 3: callus cultured on MSR regeneration medium
for 10 days, 4: callus cultured on MSRA supplemented with
5-azaC 50 mg/l for 10 days.

s s aite o SRS

Figure 6, Northern blot analysis of gene expression in callus
on different media. A: agamous like MADS (AY177696), B:
glutathione-S-transferase (AY271619), C: germin like protein
(AF032972), D: metallothionein like protein (AY833008). 1:
callus induced on N6 medium, 2: callus induced on N6A
medium supplemented with 5-azaC 50 mg/l, 3: callus cultured
on MSR regeneration medium for 10 days, 4: callus cultured
on MSRA supplemented with 5-azaC 50 mg/l for 10 days.
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Table 1 Partial list of Oryza sativa genes affected by 5-azacytidine (5-azaC)

Gene ID TIGR_annotation Intensity
5-azaC-up-regulated
AF032972 Germin-like protein subfamily 1 member 7 precursor 69.8961
AK101772 Peroxidase 2 precursor, putative 32.2009
AF488522 Cytochrome P450 family protein 15.1365
AK108824 Peroxidase family protein 10.0388
CF317052 Glyoxalase family protein 9.5511
AY551918, AY177696 Agamous-like MADS box protein AGL6, putative 6.20202
AK102799 Alcohol dehydrogenase 2, putative 3.8018
AY271619 Glutathione S-transferase, putative 3.1636
5-azaC-down-regulated
AB040744 Helix-loop-helix DNA-binding domain containing protein 0.0355
ClI254938 Late embryogenesis abundant protein 0.0730
NM_188011 AT hook motif-containing protein, putative 0.1200
AY833008 Metallothionein family protein 0.2826
AK105278 Cysteine proteinase inhibitor-f, putative 0.4505

A 229 total RNAS AR23}0] GeneFishing'” A3 &g 7}
microarray 4]0l A FEH 2 WHA0|E Hol= {3
E& RT-PCR ¥ northern #4S F3to] H& zpol& &2
3}9{ch Agamous like MADS protein} germin like protein 7
© 5-azaC H7} A, & demethylation A] -AA} Wdlo] 27}
Hok= AL o 4 Uit (Figure 5 A, D, Figure 6 A, C).
E3) germin like protein 7-$- 5-azaC X 2] A] A 23} Alefjof
MEH= Aea {7] el A EEge] Erhe Aol RT-
PCR3 northern 402 3Q1¥ Tt (Figure 5 D, Figure 6
C). Glutathione-S-transferase 2] 7-$-o| = 5-azaC || of| A &
#orol o7k =A Uetity (Figure S E, F, Figure 6 B).
Metallothionein like protein®} 7 5-azaC 2] & AgA §
At A Aol BE dHEofo] O7F ol A0
vehyte} (Figure 5 C, Figure 6 D). B 222 4 9 A&
3} A oA 5-azaC X 2jef 93t demethylation &2 %
A U P RS AS e AT B 5 YT A
A 547 o] 9ol @ FAHAFSY @G 207t A
= A Felskglth ¥ FAREE Aels 4, Aerz
RE RN e $EUL FHAE FEo] 2HFHHA
Hojshet] & Aol @Gl T3R8 2e)7t = 70
9 {34 £42 DNA methylationo] ©J3t A& £3} ¥
71% Ao Fadt ggE & Jog Al

¥ 2

DNAS} histone T4 S] BRI A2 W] 4] 2

8% 9%E she A0E YA ot

25 22 wWjof 4 A8 I dAo] A methylation®] o
S dotiuzt ¥ FAREE AA FA 9 A=A A
B3} hAo A demethylation E2 Q] 5-azacytidined A 2|3}
of §AZ TE FLS E45UT AEARY RS 5
go| Q& B WA B AE S-azaC7h 371 N6A Hj=|of
e A gon Z24E me Aeart FA4EUT
E3 A Q) WY AE S-azaC7} H71E MSRA A 2.5} ul
A oAl BlFRE e 2o 2 AEH ALdhe ©f
FORA E3teh. olgjdt A 5-azaCrt FFH v A
AHA 9 shoot E3}o] FHHQ ¥F2 vlAve AL
o webA] DNA methylationo] A& Z 2o A9
A XA 0] A3 dedifferentiation} differentiationof] T4~ 991
olehe 2 ¥ 4 Uitk H A2 94 L Just 4
%019] methylation S LofR A} 7k TAEZE 5-azaC
2 A2 3 GeneFishing™ DEGS} DNA chip& A& &
AR Wb oFARS HLA519Ic) Epigenetic regulation, ZAHA
o, ST AEHA HHgo] Bofsl U HASY
ddo] STRIAL Hadhe Ae € o A TE Ao
7k e 4F FAAE E8Yste] #elskal RT-PCR ¥
northern B4 0.2 7+ A48} HE Afo|E A3,
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