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T BT R, EOREHF LA EREE MU FRREAE. H T ENFTGEIREN
e, MU E R EEER AR ENA TR ARBENE M MZAREERRT. &
AR R R A 0 4 2k T 7 B, T b T 0 A v R R o e L 1 A B B
DNA ¥, A&k a@im. RemEL2f/ ) 2F RNAs 2 ZHRIRHREHF. Xk
B EBHEE 2 TXENERR, SFRBESEDETAE. AXNE T HF R R B

A 40 v B v U A2 e R

Tk B 2 S WA AR ) A K T e T PR B
o, i BE A TR Ak AR K b S e A ) Y A RN
KRB EAT R, TR TE ) 2 23K A5 A2 1 [n] .
PWGeTt, 1979~2003 4, 4R34 B I Al Al o il
S ETET 113 F10.35°CHM, SAEARRE AL B T I
FEL A 400 1) F A Bt TR B R, it LS A8 T R A 4 4
Fii oA o, A IR X A AE I A PR I T
FEE R, EAKEY, BRRREGSTE 1C, K
Fi(Oryza sativa)P= &5 TR 109", fafhit, <EA
EF1°C, /NE(Triticum aestivum) . KFE. EHK(Zea
mays) . K. (Glycine max). KFZ(Hordeum vulgare)
5 58 (Sorghum bicolor)% 6 Fh B ARAEY) ) F= w5k
D 0.6%~8.9%. 1980~2008 4E11) 30 Z4E (], A
Jofr 8 BRI R R OK B P i o A R B T 5.5%F
3.8%"). Bk, WFFTIALE b R R A A KRB
ML SRR R, BT, X TR 4w L = i 30
M AR MR AP E S
(22~27 C)BAEAE PN 25 B ML 1O | v T AR (A 4 T A
BRI FHLHR T iR A e A S iR
Xof AR 40 A 0 A A R 9 OV R AR i v IR (37 ~42°C) T A
Yy 5 Tt B (thermotolerance)! 45 )7 . 2 W 1 /4 2%

Keikin)

DNA ¥ &1t
4 & BB
rEFER
/N4+F RNAs
g1tz

(epigenetics) TR B IE I, 8 7E DNA J¥51 %
AEAASOEOT, JEHFRE &AW 8 ek 4E,
F#iE T DNA H3E4b . s &M . Jeta i 3 A
INF RNAs PA TR SR SEEE. 3 W18t A4 46 i 7 2 - 3k
PRI S P AT A ) A K R B R 3 45 Fhlk 3 A
T &A% T EAE U AR SRS T s AL 1 i
FEAE Y ) N7 v IR B A R A L, AR N iR S AR
PR R B 5T B AT Y SEL i

1 DNA H3AL

DNA H 3Efb Bk B RIS L sz —,
X—BMBE T ZAAET 2w iR, kN
1 DNA H A 3= 2 7E 5- 56 B s g /b 52119 N6-
LR LR sk P APIE 20, Jrf N6-H SR BR RS = 2047
FETF LR, FEREY) T, DNA H ML fE & A7
AbF AR FF B RRAE H i) B g e L, EFE XS FRAY CG
CHG 5 (HACZ A/T/C)LL B KRR ) CHH [F51. %t
HUFE ¥ (Arabidopsis thaliana)3E K 2H /) FH 5L AL 0470
FIa KB, BAFEHA P KL 24%(F) CG JF51 . 6.7%
# CHG F4H1 1.7%Hy CHH £ 4] & A= T i ms I fity F
FALBA . X 26 R A B K &2 K A e B R TR
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wRFY I, [FEfFERE%E siRNAs(small interfering
RNAs)AYA AL SRS IF A9 DNA HIEfL 3% H 3
2% DNA H3LfbEgfEfL. (i) DRM(DOMAINS RE-
ARRANGED METHYLTRANSFERASE) X i, 45
DRMI1, DRM2 F1 DRM3, % 545 M 3k B AL (de
novo methylation). H TiX—idfFH E/N5F RNAs
HIAS, Mk BEAE B FR A RNA 4311 DNA H 3
1k (RNA-directed DNA methylation, RADM). [f] A}
DRM1/2/3 &% 54:H; CHH AYF 3E4k; (ii) METI
(METHYLTRANSFERASEL) % % , f1 #§ DDMI1

(DECREASED DNA METHYLATION 1), METI,
MET2 Fl MET3, £ 5445 CG HH&Ak; (iii) CMT

(CHROMOMETHYLASE)% %, fu#§ CMT1, CMT2
L CMT3, ENTAHHEYI IR . XS B R R 1
FTE T4e59E CG 1Y H K4k (non-CG methylation)!®.
H, RADM {5 Z 3l i 2 2453 38 T R 784 I WF 5T .
(1) FEFE A% T F 8 2 7 51 (2 8 SR80
TERAG T Pol IV VR i S5 R BRAE 1) RNA § 55 A%
(ii ) 7f RDR2(RNA-DEPENDENT RNA POLY-
MERASE 2)f1E A4 i X% RNA (double-stranded
RNA, dsRNA); (iii) dsRNA FfiJ5# DCL3(DICER-
LIKE 3)¥]#| & 24 nt(nucleotide) ) siRNAs, X L&
siRNAs f{) 3" Kim# HEN1(HUA ENHANCER 1)#4T
Ak B4 DA R 1 LR i, BE S 24 nt 1) siRNAs B %
# 3| AGO4(ARGONAUTE4) |-. AGO4 5% 4T Pol
VLI & DNA H IR DRM2 S WE AN T
DRM2 %} 55 siRNAs [R] 5 () 5 K 41 75 51 47 B Ak 15
U AEREYI R, DNA AR Y T e = B R B 3
5 B R 3 38 RN A 15 56 R Al W R e PR A T Twl . E TR
I F AT, DNA  H AL 32 22 240 il 56 5 i
S FEYERE I A AR e T T, DNA I 3&fb—Jr
T BB i Sk 13845 1y o A e SE PR i AR ) DNA
FI RNA | 5 5 & 1) DNA FIT RNA 45X 3 R 41 9 By
o3 —7J7 1, DNA H S AL BEMN il 1A 4 ) DNA #% )i+ il
JLG SR EF I L e, RIS ERF (DNA LR Mg
227 A R S e e I IX 35 DR 2 SRRSO e Ah,
E[Sat7/) ) STER RN N E Y DO @ 353l SIS
UMY DNA ALK B i1 58] DNA 3%
Ak BE VAT A ) P B 3

— RGN AFFE N, W e T (37~42 °C) iy Ak 2
IR BUEY) MG LY DNA - H Ak iy el
AR U211 PR S TR 1 T R (22~27 °C) & T BUOMR
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LA E Ry X DNA H AL R RE T, 340 X
I DNA HILALRRE TR, BoA — Bkl ol
PR, DNA H Ak 509 b AN % 3 IR B 263 B
Z e R B PR TC O, (H PR BT IR R Y T i 6 R R Y
F P DNA I EALAYsZm i AR A 2058 (B 1(a)).
37 °C 1) vy TR A BRAU A T S & R 4 4 P 4[] D R 4
BRI T, [AlAT e SE R4 KSF i) DNA HIEfEFE
FETHE T2 th4h, ] DNA I 3EAL B AR R HEF 7
FLRE P it #4PE (basal thermotolerance, 1845 4= {H 3k
Y ELAT A v T B A R R AR B R IS &
M, HIR DNA WIS BEER 22 AR K drmi/drm2 Fl
emt3 RIAXT AR, (2S5 RIDM B AE R 5
KB R ALK nrpd2(nuclear RNA polymerase d2), dcl3,
rdr2 1 ago4 FRIN A XTI, BP 28 AL RS A7 %
R A . G X 3R B o R SR AR ON nrpa2™Y,
NRPD2/NRPE2 %% % 4 i Pol IVl Pol V A (15
TR, & RADM @ A2 fr s Ty B FER ) X nrpd2
FAh F TS Y 4 5L ALK TE BT K BE, NRPD2 1Y
B e T U A G B RIE R Arlg34230 MR B
F XA X A CHH #YF AL FE B G, TRl 53K
— /4% PPR(pentatricopeptide repeat) 2 [ ) & [H
Atlg07590 J& ¥ IX 1Y CG 1 CHH %Y F KL Ak i B 41K,
e 28 5 B0UX 35 DN 7 AR B 208 KR AL
IEAh, NRPD2 B8k 8 S 20 6 4~ B R PR 1 A 4
LR Arg29430, Atl 29440, Atl g29450, Atlg29460,
At1g29500 Fl At1g29510 Fik & T, [RIRH 8 —
A~E COPIAGE M i, PRIk AL AT Ka i AH AL
FE B i 15 4% ) 26 i F I AR R RN R R Ar1g29475
W %L T 1Y CG il CHH A JE AL FE FE F#AIX, COPIA
B TR IRm IS Atlg29475 WIEIKET
Rk BB LI, 7E SR A R, RADM i 1266
{8 1t AR I JRE T 1Y DN H A0 TR 285 DA 1T 52 Wi — 2
I A - B ST R B AR O A R TR B A Sk, T
TR N A K R AT 5 118 S5 1 v A 0 1) el T A
PE(El 1(m)).

2 HEAEN

21 A I L A A B R SR B RN 4l B AR
RmFMEMIE . A& 3 H1, H2A, H2B, H3 Al
H4 FLFpZEH, Hih H2A, H2B, H3 fl H4 RO &
H. 4 FiZOHEASHSFREAR THEA/NAER
A, FGESETE /\BAA F 1Y 146 bp 1) DNA H4 i 4 (0,5



B A IR

22°C 30C

42°C

e
@p M| @ mk ok olwk o mp
SGS3 DCL2  'HDAG SRNA DJZ587t)) A{CHR12 NRPD2Z
/ \ RDR6 yl
DNAEBE(Y, ? v
EEOIBM e SPTGS H3K9/1dac ONSEN miR400 Bk
! - s o RADM
DEEEY AS-PTGS miR398 & '
SAEDDTHE e V-PTGS
PIF4 ?
\ i DNASEE{L,
CSD1 KR
TAAZO Yucs csb2 ?
TAA1 CCS
;' J_ CYP79B2 R
RN | . Y
~ ROS—>HSFs CAF-1
B /
SAUR19-24 v
l HSPs% R T 4EEC
REFIE HNTHEWRTS

[EREs

B 1 tEYme R R B RS S
DNA HEEfb . B B . B 6 E M AN T F RNAs SFR WL B4 A 4> T X EIER, LRI EED A PTRE. ()~d) HBER
JETF 8 (22~27°C) S BB MR AL B B AS s (e)~(f) i IR X 55 5% )5 /K - b A 36 R L EK (post-transcriptional gene silencing, PTGS)HJ
FEM 5 (g)~(m) Sty 95 i (37~42°C ) T R W358 A% 46 1 o AR 40 e AV 1 o 4

P14 e A 25 B A /N AL AR S I A /MR 22 TS
DNA FIZI 8 1 H 4. 418 F B i 45 Ak
Z Bt 1k (acetylation) . 2 & fk
(ubiquitination) . J%7Z & fk (sumoylation) . % ik fb
(phosphorylation) , ¥#3£4k (glycosylation)fil ADP #% ¥
H Ak (ADP-ribosylation) %5 25 5 200 5 06 25 25 {4 14 1fii
R TR B AN ) DI, A 28 BRI B S (N £ Tk
b, WERR AL AR 4 F B ARAE ), A LERE NI 4 s (an
2 WAL TR 43 H A A M ), e ] o 4 35 DX A e 28
Rt RA . BRIt i £ MR A A LBk b
A I LB, HE A OBk 5 2 2Bt iy o 725
S Hh 21 85 H £ k3L 5% B il (histone  acetyltransferase,
HATs) #l 4 45 H 2% & I 5& i (histone deacetylases,
HDACs)fi#fk.. 28 1 WAk AT Uil g 65 57 2544 A5 15
FAT, ARG %, TT2H 25 1 25 £ Mk Ak DU fiff 2% €2 BT 254
GRE - E F R Sl R g S R Y P &
HIAE 5T 00 e M TR A BB . AR R 4l 8 3 Ak
B4 =& A H3 M H4 b H3 b FEEBM0 5N
54,9, 27 M1 36 (IR (Lys, K)FIS 17 (02
(Arg, R)FRIE I, 1 H4 b EF N 20 {7 i iR A e
3 NKE EIRIR AL b A LR IR A B KA

(methylation) .

ANTR], o 2 R 5% 5 b %) B SR 0B i T 43 Ry B Ak
(mel) . B FeAk (me2) fl = H H Ak (me3), K2R LY
FH LAk ] 43S B R e Al | AN R B U FR 5 A R £
OGRS = i AW ENC bl WU e LS E S
B2 1 B B 25 . 4LER A SRR B A A R 3
FLALEE FIEACTE . A R R 415 K 25 TR LAk 3
A FE. R A H LA RN 25 B R A 3 B A N Y
AL Bl (Writer) Fl1 25 FY L AL (Braser) B 47, 10 FH 2
AR AR S RN e 35 )y 2 [ 7 (Reader) 2 5. K]
TE B 2 2 3 R4 AB Ui 78 G € 5 b o3 A 1) X S0R
[F], X 3% A 3% 35 09 I #5 4E H BK [F] . H3K4me3,
H3K9me3, H3K36me3 Fl H4K20me3 3 40 A 1 3 e
o Ix, [EUERE N . 1 H3K9mel, H3K9me?2,
H3K27mel, H3K27me3, H3K20me1l #1 H4R3me2 M| 32
BT RROTXE, S5MHENGRE. XT3
A FEEPHSEUE, H3K4mel Fl H3K9me2 — it 75 45 s 5%
X #4346, 1 H3K4me2, H3K4me3, H3K9me3,
H3K27me3 Fl H3K36me3 | 3= Z7E JL A (1) 5% % 45 77
%ﬁ[30~32].

HE AR B mEREN LR, 25
VYR T . AP sh Ko B w25 g
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FEPOPIH G oE i e b o R E b R A
A% FLO(FLOWERING LOCUS C)#: K iy 2635
W, FLC BN AP A b b &2
B — RPN R AL IR, O H3K4me3 BIHFEREE
Y AT, H3K9me?2, H3K27me3 Al H4R3me?2 & 1fife &
H TR 4. XS RM Bt L B 80T FLC JEH 4
5T XA S S gy TR, {Hi45 FLC Rk mFEAIL,
fif B X AE B BY. B A TR R BN, miR
ANHEWUAR R 4 A R SR B IR, TEiR 2 A
P55 5 N A7 5 Ay H3K9me2, H3K27mel #i
H3K4me3 B2, BN TPEK) 5S rRNA ., g1
LINEs(long interspersed nuclear elements)fll MULE
(mutator-like element)-F19G14 LA 180 bp LR EH &
¥ % b ) H3K9me2, H3K27me2, H3K27me3 i
H3Kd4me3 &M, (HE, &k Ae S BUMNR IR
7 55 R TR S G 0 B X 38 G 41 2R 1 2 B AR 1B T
(H3K9acl F1 H3K9/14ac2)FE ¥yl o2, i —i
B 54 EA XML E HDA6(HISTONE
DEACETYLASE 6)#12&(F 1(gn™. {H H#i i o 5%
T T v %o 2 A B s ) i RGE (BT 1(c)). HRvdl
BB U I R e 1 v IR A ML S B, A
S PR 2 7K ST ) e U W 38 T A 2 AR B Y A2 4k,
AR R R XA HLE PR AT 2 2.

A AR TR RAAEAN S, I
PRSI Y R IR A R A28 AR
7S R BB e (0 AT AN [R] A A 280 A JF B 9 4
Z R H H3 AT H2A (AR, IR Hare %
FEH 1S AR gni 4 8 H3 AR, Hob 6 43
PR 2 5 L 2E 2 11 H3.1 R W, 8 4 ik [H] 4 i
H3.3 KM, 540 1 A IS CenH3™ . H3.3
IUAESE 31, 41, 87 F190 i 4 NEFEMR F 5 H3.1 f74E

St Hob, H3.3 1958 87 AN 90 R IEMAN T T
rDNA (/MRS R, W5 31 A1 41 &L A
$ 7 DNA R/ MAZ 2028 R0 p g s
13 N IEH 4afih H2A ZEE A, HRYE FREE TR 55k
425 (G H2A GmtiS 3L (HTA1/2/10/13), H2A X 9
SR A (HTA3/5), H2A.Z 9wt RE Rl (HTAS8/9/1 1) H:Ath,
4 Pl i R R 2 A FE I (HTA4/6/7/12)P7. H B 51
NTEH B RAHE AR H2AZ 152 RS h B S
YER. #YAKTEHEH HSP7TO(HEAT SHOCK PROTEIN
70) & —A R A, Rk b A R A T
rm e, A HSP70 HE4T IE st A4 i e 7 i 21 T
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— 5578 B AH 26 A9 28 ZE K arp6(actin-related protein 6).
arp6-10 7€ 22°C7F BRI B T G | mHAw A Fn
WP SR IE W MR = IR N A A R AP ARPG
FPHJE SWR(Swi2/Snf2-related) & 4 1A ) — N F 3
T H2AZ 3 AR/ MEFEUL H2A (&7
XSS LRI, H2A.Z 75 = A M R 25 i e f vp
T EEER. 2R BoR, H2A.Z 7ERE T 6E
EEE g 2E DNA, FHIE RNA B4 I 56 5P, Y
T TH =B, H2A.Z DA/ IMAR P i B8 O, DNA £ B
ZASKN G, FeUF RNA R 11 455 DNA 174 5% 1)
g, [FIBS ARVFROE A H 7455 DNA, 3
B UM ABERENT &S, EEmET,
bHLH(basic helix-loop-helix) %% 5% [l + PIF4 (PHY-
TOCHROME INTERACTING FACTOR 4) mRNA #3ik
KRR (A REUKEY EE. R, H2A.Z GERE
PIF4 5712 FT(FLOWERING LUCUS T3 3+
4. RIE T & H2A.Z M /IMA R %9858 FT )5 )+
Ay PIF4 454 X3k, FHIk PIF4 5 FT B3 FRIZE &
MR TR, H2A.Z DR/ g g ok, A
PIF4 B85 FT Jash 7456, W& FT FBMEHIFER
HIV(EL 1(d)). 4, PIF4 15 m ik s A M e 24 il
IR E ) PIFA B R4S & E K E A it
YUC8(YUCCAS), TAAI(TRYPTOPHAN AMI-
NOTRANSFERASE OF ARABIDOPSIS) Ml CYP79B2
(CYTOCHROME P450, FAMILY 79, SUBFAMILY B,
POLYPEPTIDE 2)% )5 8+, B X EEIL N 1Y 3K
PR K RZ A MO PIF4 () EZ kM2 S8
KR WA R TAA29(INDOLE-3-ACETIC ACID
INDUCIBLE 29)%5 7/ il N R iB & N, MRk
TAA29 SNt K AR S I imH . Rt PIF4 fig
HIZRHERZNEFE S NN SAURSMALL
AUXIN UP RNA)19~24 1€ F W5l iy 3k, e iE4n i
FEff AR NE 1(a)).

3 Bt inEMMAEN S TR

Yt TR = BB A, LR 2R 2 B
FMEIHE I EAE . Y £ )i 85 ¥ (chromatin  remodeling) &
Fe PR 3 3R R 4 o B b BT B — R B Y 0 S5 4 # AR
R RFR. Jet i S B KO T ATP 4L
FREIBE SR T, AR ESEE SR ATP
K St ) fig i DA — AR S0 Oy SR R G BT 25, B
/MR, B DNA 751 5 88 54 w35, i



PR R Rk, Y BB SRR ATP il
FEEA[ IS SWI/SNFE(switch/sucrose nonfermenta-
ble)ATP [iff . ISWI(imitation switch)ATP [ f1 CHD
(chromodomain and helicase-like domain)ATP fiff =k
KW AT R R T, i€k SNF2/Brahma
(BRM) U 4t (%, i & ¥4 [K T ArCHRI2(CHROMATIN
REMODELING 12), 518 Fg I 462 A A= 22 19 4
KATHT, FBR ArCHRI2 W) S20Z A K AR RS
(F 1(k)). R AcCCHR12 76 W45 51 i W a 5
A I A A5 R AR T, X — A T RE S A A%
PF R R BR AR O HE R 1y kA7 56, (H BAR B AL ] i 1
s K| S h

HE D THAALAKE ATP 1977 U0 S HE
F15 DNA M EAE, Z 58 /MKIY 2413 fdE 4
P FE, AR ZERR YL (0 A5 R AR E AR R R I R B T
R E AR, RIS, AEAS B
£ H3-H4 41485 70 7R H2A-H2B 4l H
STRARMZE. MY H3-H4 8 A TR
$5& CAF-1(chromatin assembly factor-1), HIRA (histone
regulatory homolog A)#1 ASFI1(anti-silencing functionl).
H2A-H2B & 1 F1E1B 145 NAP1 (nucleosome
assembly proteinl), NRPs(NAPI-related proteins) F/l
FACT (facilitates chromatin transcription)*¥. 1 7%
25t 37°CAEIE 30 hJa, WM/ INAE [R] A
DNA HI3E{b Al H3K9me2 S5 410l P 3 Mgt % i —
TR R, T8O Yo T XA S, AR AT
BRI H P ARG k. I A B o, e T
OB ] B R AR, /M A R R g
tafk b, FEHERE H3K9me2 RYFEBIESr, R4S
R IIRE TR, BEATEENE, X—d R
A PR 5% 1 S g (0 5 XSl ) B 7. H3-H4
HE AT TR CAF-1 TEA%/MA T B e 40 3 Y o ik
i R R AT AR PO 1)) BkSF, SNF &
J f Ye £ 5 F Y8 N -F DRDI(DEFECTIVE IN RNA-
DIRECTED DNA METHYLATION 1)§lt2k fEH8 5 = i
BRELEFINE . DRDI f£55 RIDM i f2,
Hy DRM2 R CMT3 ¥4 CG W AN, iR
RADM & 42 Al GE 2 5 19 iy kA0 A A% /) A 1) 48
o B G i A2 AR 1 AR TR AR ) e
PR 055 U 8 T e 1 3 R v R AR R i R A5 BT 5
(Kl 1(b)).

4 /P51 RNAs

/N53F RNAs(small RNAs)J&:—4 ARG A . X}
FER R EHEIE R RNA 43, TEAE G s
W HEEREN. RS BRI RERY A E, HIR
/IN53F RNAS 434 miRNA (microRNA) A1 siRNA P2,
siRNA 5 miRNA HYJE pLid 72 LML AR RNAs
Wi ER N VIR DCLs 59418 21~26 nt K/NMY) small
RNA, small RNA £t HEN1 H &b 8 1fi 5 B ek 2 5 47
argonaute & 1A E A& RISC(RNA-induced si-
lencing complex)H, A5 FEAR I3 41 ) B AMAE 4
Ho A I $E AR KL N 2255, miRNA & 5% mRNA & % 1
AR RNA, 22080 5488 mRNA B 3-FEBIF X
(untranslated regions, UTR)25 4, 4% mRNA [k
T S 5 A B AR 1 siRNA K AUE RNA
HIR(dsSRNAYIT T MR, BEEL & 30 22 Rh T i s o St
JE AR KRB N siRNA 43, 4246 ta-
siRNA(trans-acting siRNAs), nat-siRNA(natural anti-
sense transcript-derived siRNAs), ra-siRNAs(repeat-
associated siRNAs)FI hc-siRNA (heterochromatic siRNAs)
LU S B N YE/INGS T RNAs 78 ZE R SE R 4 fa e | 74
AR B AR K ORI RE 390 5 i 3 A Ty T R R A
FHEOL BT PR siRNA Al miRNA 4b, F53EH A
R IR Yt 2 T8 siRNA 1Y7=/E. X 4L siRNA fET:
Sk B PR B Y F SR JR 3k DT R (post-transcrip-
tional gene silencing, PTGS). i, A IF SUEE 751
(sense) . 2 X J¥ % (antisense) . JZ [ & & ¥ 4
(inverted repeat) FlIJ 8 AR 5| & 1) PTGS 73 BIHEFR A
S-PTGS, AS-PTGS, IR-PTGS Hll V-PTGS""".

IR AEIS R small RNAs AY7=AE, oF 1 5% i f
P e KR A FAE . iR BB 5 T miR398
MIERIE, T miR398 ik T & R EUE RYFL AL
CSDI(COPPER/ZINC SUPEROXIDE DISMUTASE 1),
CDS2 Fl CCS(COPPER CHAPERONE FOR SOD DY)
mRNA B CCs i e gm il B 7B A, f
TOR B T AE %% CSDL Rl CSD2 4. CSDI Al
CSD2 A AL AL, % 1k A Ak it
A 52 7 e A hy S SR SR, R AR AT P O
“H (reactive oxygen species, ROS)[JFL 2. HiEF,
CSD1, CSD2 Ml CCS Fik i PR 2L T 42 N ROS
MIBLR, S PR 58 N T HSFAIB(CLASS A HEAT
SHOCK FACTOR 1b)FI HSFA7b Wik, JEiM#IS
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HSPs BRI P, ARa 2, milR T
miR398 {) i HEF ik J& HSFAIb Fl HSFA7b 43 1. 18
M, BT miR398 B85 HSFAIb il HSFA7b K —
ANTE ) ST, S8 AR ) A T A O (L 1)), 1
A, T B A 5 e v] AR BY S JE¥E miR400 W TE it
FEPOL ERAENS A S RNA B M1 SC LR (1 KA Rk,
T A VR A S R A SR e AR AR Y AR R R B/, R
" miR400 iR B LK MIR400 FaJAE Atlg32583 ()
B— ST 306 bp)h. IEHAENL T, MIR400 Al
Atlg32583 ReWg L[ FL sk, AR5 N TIE B iy
miR400. EIRAEN T Ar1g32583 (S — NN & T K 4E
AAE 4%, #4100 bp BFSI N & F i, FIT Y
45T MIR400 TENHY 206 bp FEFMREE T Fk. %
206 bp [P I RERE SR TE AL miR400 W95 57K, (HiX
B SEARRBES miRNA B0 A0 in T8 3y
miR400. KM, =i AEREAR S miR400 WRik e
[ AR 1 A G SAR I AR 2R, [HORFE I Arlg32583
B IEH Fak PO 13G)). (HREEEA AT AHL
il A R R AR SY.

% T 5% miR398 Fl miR400 4b, &5 A ig EN
JE 1Y) ta-siRNA | ZMJE L JE K DL RO 7 AR 7= A2 10
siRNA [k kA2 L. IR 30°CHE R T A4
K 4G, WHERRER ta-siRNA Fik it FE, fEBE
F AT ET RS A 1/E AR £ ) mRNA 9 2.
[, 30°C 1) AL BRAE I ] 75 A IE SUEE T 5] (sense)
5l &1 S-PTGS F1%% A Jx X #% %)) (antisense) R 2T
AS-PTGS, {HAGEMNH 2 7] 855 J¥ 51 (inverted repeats)
SRR IR-PTGSP?. X HALHI A BF s R, =i nl fg
Wit {E#F SGS3(SUPPRESSOR OF GENE SILENC-
ING 3)8 H (1 B A 2F M4 il XUE RNA JE R, M
Bk PTGS J:41fil ta-siRNA 724, #2585 SGS3 K 7K F
AT S R X PTGS O f#RR. (H S 580 SGS3 &
F it 0 EL R BIL ) i A5 P2 1(e)). AL, 37°C
4 o T Ak 3L S B R ST AR N 1 — > COPIA 2 e
SEHGEF ONSEN(H 15l 58 16 BRI 5%, W] RHE e (2
A AL, AF siRNA A UM SEIER NRPD2
Ml RDR2 f9 75K o, ONSEN BY%% S0l i% ik, W
SIRNA 3845 e il Fh HRM 38 J0T6 114 IS 3 S i I 17
et Y. nrpd2 T rdr2 A RAERR Z A0 A LR,
ONSEN 7 iRE6 s H IR &I ONSEN TE R Bk Fp 4% g .
A NWZ BRI, 78RR P & BLE A% ONSEN
HOFE I, BRRRAR S RGeS . BRAR S I3 vl e ke A= T
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B PRI 2 AT A & B i R . #F5E & B, ONSEN
) S RV JRE T 8 RS PR S ST A AL R R B AL B
AR ONSEN 57 5 8 i1 it 32 R 2 B0 HE A 360 ) 10 255,
FHB] ONSEN W figt & Z % S0 JA 3 F. ONSEN 1)
e SR AT BB RN 32 AR R 30 TR siRNA & 12 1 1
T (E 1(h)). i ONSEN fe4s Sk 7E fr 1 4l
R ALY P B B R, X —id NI ESZ DCL2-4
FRIHE Al o JH PR 7 g 3 4 2530,

ek B 5k 2 b 2 A S A BAE .
PRI I R A A A b (IR, 1T B A IR I T,
B AR GE 3 SR el B . IURIRE T, WEN S
1Y) V-PTGS # i, FH ) siRNA g Z A%, S10AT
%, V-PTGS B MM TFm migdis, Fnf siRNA
B2 B TR B AL A B xR, IR fE g1
SR ST DCL2 G, P AEEZM 22 nt 1Y
siRNA, JBE X} Turnip crinkle virus(TCV) R UL 2K .
RNA {088 B B89 AGO2 F1 HEN1 5 14 A9 15 1t fiE
Pl IR SR, e X — i R P & R B R PO, Chi-
nese wheat mosaic virus(CWMV)TE 16 °CH} B4R 4L 4H
¥ (Nicotiana tabacum)FI/NFE, {HAE 24°CHIAGE.
CWMV {4« RDR6 BUTERMMHFLR; KB, 24°CF
CWMV RETEMHE PR BIF R CWMV siR-
NA k>, H CWMV Aiefert &R, R T
JHELH Y RDR6O AR FI7E il N AERE S M ML 7EAR i
#E CWMV siRNAs ZER, i CWMV g FL &7
(&l 1(f)).
5 PR ERMEGRRIRILT

FEBE AT, Y 2= R WL LAk
DA X Filpaes, i ELX Rl el AR R e AL w45 T —A%, B
JE AR A 32 B W B R, 3K B G g AR oA B AR e 12
(transgenerational memory). Ji 454k HE & ok & F 6E
R A W B T3 N 1 4T R HE R B A B AL e T
PR IF a0 2 e S R R A IR E 4. & Az 5
BJe, F—fCRAE R BRI A 2 a0, (BB
A e T 3R I A A i 2 B R AR O i AR T RE Y 0
T J A0 50 455 ) 3 7 e L 7 L A R O e TR
HH R AL A REfL s A T —1%, R
(AT 74§ VA S ) e 31 I Y AW fak vt}
BEACHS T DNA () H 3L 72 DL 2 siRNA & RLis 42
iR W YT DCLs YA ™. b X B 4% sk 4% 8
ONSEN W5 3R, DCL2-4 TERRtic iz i J



A EEAEHSY. X CG AR Y S AR IR 4 4 4 B
BUACE &P, CG B DNA H ALY g 2 S8 3L K
LK b H A A s AL &1 40 RdADM i%72 . DNA
LW IA R . HEH H3K9 FIEfLF siRNA 21
SN G S| EZP U R G AWl = VA TR s i ¥ 3
R CG 1 DNA HRALRIER. ik, cG Y
DNA H IEALAEAR Y 0 B AR 22 A v ke o R 4 1Y
YEH, dERefeoe Rt . oA il R Mgt & &1t
RETE BRSS9 | AR 150 A% 1 1 30 35 Jolp e 7 25 3 A v Rk % )
AECY. W9 Wow, FIRMCE TAMESE SER G DNA H
FEARRAS, (H X Fh 2R 5 B A IC A2 800 B A A DG,
Al RESEFE R4 A7 55 DNA H 3Lk g T Faft
042, MeAh, BEFEIK SGS3 M IAfE—E B IS IR
fRig1z, FW SGS3 I HZS 5 siRNA B2 L RETE R
oA R & R

6 L&

il B DNA R . AU R B, Je @i E
IAF/INGFT RNAs S5 U35 158 i 1) 722 A 8] 4 4
P 87 225 R AT ) 3 30k i v AL A 0 e ik 9 365 1
LR, 2 U038 A A1 A 81 42 A 00 Tk A ) S SR B
AR, (BAARKAHESE. miE 1d)FTR,
PRI R TR s e H2ALZ 15 fEGE PIFA,

RPN

T AR A A T S RN IE AE R IR]. X — ML B 2 0F
FEAFEENTERE, B A/ ) B o R12%, dnve TR
WA AT AR F AR H2 A Z S By, teAh, 7EFREE
T T m B FE h, DNA F3EAE | 20 8 B i A g (o
Jo B 9B e M BN R i GRIE (B 1(a)~(c)). 1o il RE %
ik SGS3 HE M &t NI BR PTGS, {H /& it A%
SGS3 & 1Y & it iy ELARHLHI v A58 (B 1(e)).
R AR R X EE Y PTGS, {H LA (14 #1175 B2 R
AR (A 1(F)). e =il ™ DNA H 384k 48 A
B | Y £ 5 T BB FI/INAY T RNAs 25 38 W03 A5 161 bf
FEPUIANE BT B AT A RE, AR A A0S
HA(E 1(g)~(m)). M4, Tittel-Elmer %5 A PYET FH ()
o A B A% AP R TS S Y € R A B S, (H LN AE L
HIA IR T H AT e 2R 38 1Y £ WAL B i, v fig e —
AR AN F AL B . BRAICICAZ 0 N AE DLt 77
BEURABIEGE. BLAh, el ) FH 2 it A4 16 1 8 45 A
o FE W P M A R — 2B IS FE TR I
TIF 5% A W) R e i S S A R 5 3 7 JiE IR 1 s 2 -
oA WS IR 2 A, IR HAE R R AT 32 Y st
e R G s AT IR A 5. WIFEA W —H, fE
i ) FH 2 00 358 1% 16 i e 728 R A 4 R R I 2 ) O =K
FIMEAEY S R A BRI, F6 2= 855 5 e 8 HEAE <k A2
TR AED.

1 Peng S B, Huang J L, Sheehy J E, et al. Rice yields decline with higher night temperature from global warming. Proc Natl Acad Sci USA,

2004, 101: 9971-9975

Fitter A, Fitter R. Rapid changes in flowering time in British plants. Science, 2002, 296: 1689-1691
3 Pauli H, Gottfried M, Dullinger S, et al. Recent plant diversity changes on Europe’s mountain summits. Science, 2012, 336: 353-355

Lobell D B, Field C B. Global scale climate-crop yield relationships and the impacts of recent warming. Environ Res Lett, 2007, 2:

014002

Lobell D B, Schlenker W, Costa-Roberts J. Climate trends and global crop production since 1980. Science, 2011, 333: 616-620
Proveniers M C G, van Zanten M. High temperature acclimation through PIF4 signaling. Trends Plant Sci, 2013, 18: 59-64

Kumar S V, Lucyshyn D, Jaeger K E, et al. Transcription factor PIF4 controls the thermosensory activation of flowering. Nature, 2012,

484: 242-245

Hua J. Modulation of plant immunity by light, circadian rhythm, and temperature. Curr Opin Plant Biol, 2013, 16: 406-413

9 Thines B, Harmon F G. Ambient temperature response establishes ELF3 as a required component of the core Arabidopsis circadian clock.

Proc Natl Acad Sci USA, 2010, 107: 3257-3262

10 James A B, Syed N H, Bordage S, et al. Alternative splicing mediates responses of the Arabidopsis circadian clock to temperature changes.

Plant Cell, 2012, 24: 961-981

11 Qu AL, Ding Y F, Jiang Q, et al. Molecular mechanisms of the plant heat stress response. Biochem Biophys Res Commun, 2013, 432:

203-207

12 Henderson I R, Jacobsen S E. Epigenetic inheritance in plants. Nature, 2007, 447: 418-424
13 Chinnusamy V, Zhu J K. Epigenetic regulation of stress responses in plants. Curr Opin Plant Biol, 2009, 12: 133-139

637



8 & 2014538 #59% %8

20

21
22

23

24

25

26
27

28

29
30

31

32

33

34

35

36

37

38

39

40

41

42

43

638

Vanyushin B F. DNA methylation in plants. Curr Top Microbiol Immunol, 2006, 301: 67-122

Cokus S J, Feng S, Zhang X, et al. Shotgun bisulphite sequencing of the Arabidopsis genome reveals DNA methylation patterning. Nature,
2008, 452: 215-219

Law J A, Jacobsen S E. Establishing, maintaining and modifying DNA methylation patterns in plants and animals. Nat Rev Genet, 2010,
11: 204-220

Zhang H M, Zhu J K. RNA-directed DNA methylation. Curr Opin Plant Biol, 2011, 14: 142-147

Curradi M, Izzo A, Badaracco G, et al. Molecular mechanisms of gene silencing mediated by DNA methylation. Mol Cell Biol, 2002, 22:
3157-3173

Lang-Mladek C, Popova O, Kiok K, et al. Transgenerational inheritance and resetting of stress-induced loss of epigenetic gene silencing
in Arabidopsis. Mol Plant, 2010, 3: 594-602

Pecinka A, Dinh H Q, Baubec T, et al. Epigenetic regulation of repetitive elements is attenuated by prolonged heat stress in Arabidopsis.
Plant Cell, 2010, 22: 3118-3129

Tittel-Elmer M, Bucher E, Broger L, et al. Stress-induced activation of heterochromatic transcription. PLoS Genet, 2010, 6: 1001175
Zhong S H, Liu J Z, Jin H, et al. Warm temperatures induce transgenerational epigenetic release of RNA silencing by inhibiting siRNA
biogenesis in Arabidopsis. Proc Natl Acad Sci USA, 2013, 110: 9171-9176

Boyko A, Blevins T, Yao Y L, et al. Transgenerational adaptation of Arabidopsis to stress requires DNA methylation and the function of
dicer-like proteins. PLoS One, 2010, 5: e9514

Popova O V, Dinh H Q, Aufsatz W, et al. The RdADM pathway is required for basal heat tolerance in Arabidopsis. Mol Plant, 2013, 6:
396-410

Ream T S, Haag J R, Wierzbicki A T, et al. Subunit compositions of the RNA-silencing enzymes Pol IV and Pol V reveal their origins as
specialized forms of RNA polymerase 1I. Mol Cell, 2009, 33: 192-203

Peterson C L, Laniel M A. Histones and histone modifications. Curr Biol, 2004, 14: R546-R551

Pfluger J, Wagner D. Histone modifications and dynamic regulation of genome accessibility in plants. Curr Opin Plant Biol, 2007, 10:
645-652

Pandey R, Muller A, Napoli C A, et al. Analysis of histone acetyltransferase and histone deacetylase families of Arabidopsis thaliana
suggests functional diversification of chromatin modification among multicellular eukaryotes. Nucleic Acids Res, 2002, 30: 5036-5055
Liu C, Lu F, Cui X, et al. Histone methylation in higher plants. Annu Rev Plant Biol, 2010, 61: 395-420

Turck F, Roudier F, Farrona S, et al. Arabidopsis TFL2/LHP1 specifically associates with genes marked by trimethylation of histone H3
lysine 27. PLoS Genet, 2007, 3: 86

Zhou J, Wang X, He K, et al. Genome-wide profiling of histone H3 lysine 9 acetylation and dimethylation in Arabidopsis reveals
correlation between multiple histone marks and gene expression. Plant Mol Biol, 2010, 72: 585-595

Zhang X, Bernatavichute Y V, Cokus S, et al. Genome-wide analysis of mono-, di- and trimethylation of histone H3 lysine 4 in
Arabidopsis thaliana. Genome Biol, 2009, 10: R62

Yuan L, Liu X, Luo M, et al. Involvement of histone modifications in plant abiotic stress responses. J Integr Plant Biol, 2013, 55: 892-901
Song J, Angel A, Howard M, et al. Vernalization—A cold-induced epigenetic switch. J Cell Sci, 2012, 125: 3723-3731

Okada T, Endo M, Singh M B, et al. Analysis of the histone H3 gene family in Arabidopsis and identification of the male-gamete-specific
variant AtMGH3. Plant J, 2005, 44: 557-568

Shi L, Wang J, Hong F, et al. Four amino acids guide the assembly or disassembly of Arabidopsis histone H3.3-containing nucleosomes.
Proc Natl Acad Sci USA, 2011, 108: 10574-10578

March-Diaz R, Reyes J C. The beauty of being a variant: H2A.Z and the SWR1 complex in plants. Mol Plant, 2009, 2: 565-577

Kumar S V, Wigge P A. H2A.Z-containing nucleosomes mediate the thermosensory response in Arabidopsis. Cell, 2010, 140: 136-147
Koini M A, Alvey L, Allen T, et al. High temperature-mediated adaptations in plant architecture require the bHLH transcription factor
PIF4. Curr Biol, 2009, 19: 408-413

Sun J, Qi L, Li Y, et al. PIF4-mediated activation of YUCCAS8 expression integrates temperature into the auxin pathway in regulating
Arabidopsis hypocotyl growth. PLoS Genet, 2012, 8: ¢1002594

Franklin K A, Lee S H, Patel D, et al. Phytochrome-interacting factor 4 (PIF4) regulates auxin biosynthesis at high temperature. Proc Natl
Acad Sci USA, 2011, 108: 20231-20235

Sudarsanam P, Winston F. The SWI/SNF family nucleosome-remodeling complexes and transcriptional control. Trends Genet, 2000, 16:
345-351

Mlynarova L, Nap J P, Bisseling T. The SWI/SNF chromatin-remodeling gene AtCHRI2 mediates temporary growth arrest in Arabidopsis

thaliana upon perceiving environmental stress. Plant J, 2007, 51: 874-885



44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

Avvakumov N, Nourani A, Cote J. Histone chaperones: Modulators of chromatin marks. Mol Cell, 2011, 41: 502-514

Rogers K, Chen X. Biogenesis, turnover, and mode of action of plant microRNAs. Plant Cell, 2013, 25: 2383-2399

Ghildiyal M, Zamore P D. Small silencing RNAs: An expanding universe. Nat Rev Genet, 2009, 10: 94-108

Vaucheret H. Post-transcriptional small RNA pathways in plants: Mechanisms and regulations. Genes Dev, 2006, 20: 759-771

Lu X, Guan Q, Zhu J. Downregulation of CSD2 by a heat-inducible miR398 is required for thermotolerance in Arabidopsis. Plant Signal
Behav, 2013, 8: €24952

Guan Q M, Lu X Y, Zeng H T, et al. Heat stress induction of miR398 triggers a regulatory loop that is critical for thermotolerance in
Arabidopsis. Plant J, 2013, 74: 840-851

Yan K, Liu P, Wu C A, et al. Stress-induced alternative splicing provides a mechanism for the regulation of microRNA processing in
Arabidopsis thaliana. Mol Cell, 2012, 48: 521-531

Mastrangelo A M, Marone D, Laido G, et al. Alternative splicing: Enhancing ability to cope with stress via transcriptome plasticity. Plant
Sci, 2012, 185: 40-49

Ito H, Gaubert H, Bucher E, et al. An siRNA pathway prevents transgenerational retrotransposition in plants subjected to stress. Nature,
2011,472: 115-119

Matsunaga W, Kobayashi A, Kato A, et al. The effects of heat induction and the siRNA biogenesis pathway on the transgenerational
transposition of ONSEN, a copia-like retrotransposon in Arabidopsis thaliana. Plant Cell Physiol, 2012, 53: 824-833

Szittya G, Silhavy D, Molnar A, et al. Low temperature inhibits RNA silencing-mediated defence by the control of siRNA generation.
EMBO J, 2003, 22: 633-640

Chellappan P, Vanitharani R, Ogbe F, et al. Effect of temperature on geminivirus-induced RNA silencing in plants. Plant Physiol, 2005,
138: 1828-1841

Zhang X, Zhang X, Singh J, et al. Temperature-dependent survival of Turnip Crinkle Virus-infected Arabidopsis plants relies on an RNA
silencing-based defense that requires DCL2, AGO2, and HEN1. J Virol, 2012, 86: 6847-6854

Andika I B, Sun L, Xiang R, et al. Root-specific role for Nicotiana benthamiana RDR6 in the inhibition of Chinese wheat mosaic virus
accumulation at higher temperature. Mol Plant Microbe Interact, 2013, 26: 1165-1175

Mathieu O, Reinders J, Caikovski M, et al. Transgenerational stability of the Arabidopsis epigenome is coordinated by CG methylation.
Cell, 2007, 130: 851-862

Epigenetic regulation of heat stress response in plants

LIU JunZhong & HE ZuHua

National Key Laboratory of Plant Molecular Genetics, Institute of Plant Physiology and Ecology, Shanghai Institutes for Biological Sciences,
Chinese Academy of Sciences, Shanghai 200032, China

Owing to their sessile nature, plants have to passively respond to daily and seasonal temperature changes. Plants have evolved
sophisticated genetic and epigenetic regulatory systems to perceive the ambient temperature and adjust the growth and development to
survive. Global warming has posed a serious threat to the global food supply. It is of great urgency to investigate the molecular
mechanism of heat stress response in plants. DNA methylation, histone modification, chromatin remodeling and small RNAs are major
epigenetic regulation mechanisms. These epigenetic modifications have their own roles and work together in regulating the
thermotolerance of plants. In this review, we summarized recent published researches on the epigenetic regulation of heat stress
response in plants.
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