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Abstract: In eukaryotic cells, the ATP-dependent chromatin remodeling complexes utilize the energy of ATP to
disrupt nucleosome DNA contacts, move nucleosomes along DNA, and remove or exchange nucleosomes. They
thus make DNA/chromatin available to proteins that need to access DNA or histones directly during cellular
processes. The first chromatin remodeling complex was found in yeast, containing at least 11 subunits by
biochemical analysis. However, the chromatin remodeling complexes in plants are less known. The studies on
plant chromatin remodeling factors were reviewed, which would provide insights into the involvement of plant
chromatin remodeling in development.
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switching) 1 snf (sucrose non-fermenting) 4% {4 1 43
BASE. AN TTRIZESREE 20 11 AN
(SWI1. SWI2/SNF2. SWI3. SNF5. SWP73. ARP7.
ARP9. SWP82. SNF6. SNF11 1 TAF14), Hrf
SWI2/SNF2 % 1 H 5 ATPases 75 144, SWP82.
SNF6. SNF11 fil TAF14 NEEREFTHRER (5 1), AR4E
ATPase WAL 251, kgt B E G167 R 4
(3 1~3), B SWI/SNF. ISWI. CHD #1 INO80/
SWRI1P, HAN[FE A n] e G340 7 (1) 5 . W15
KW, X 4 Bt ERE AR ATPase WETLIE
SEAERERE . RURIE R N B IR5F, SHIRST
ff) ATPase M4k 45 HI I (SNF2-N Z5 635, %1k 45
Pyt Ay 3k — 2B 404> 9 DExx A1 HELICc 5 & 2 (&

F 1 RFEYIFH SWISNF & AR K

Table 1 Compositions of SWI/SNF complexes in different species

1). Br ATPase fitfbaiteIdist, NEGERERE &
& ATPase WHEIE A e 4544, 1 SWI/SNF (mating
type switching/sucrose non-fermenting) £ 14 ATPase
WHE N 55 HSA (helicase-SANT) 4 #y3Ek1M C i
7 H bromodomain 4514938561, bromodomain £ 4145,
e A E AR OBk EREE, i SWI/SNF &
R ah G AR g TR e AL s 81, T ISWI (imitation
switch) & 44 ATPase I3 C it 75 SANT A1 SLIDE
iR, X IR MR AMEIR A S R B T
(120 & 1 il DNA 254, CHD (chromodomain
helicase-DNA binding) & &14& ATPase IV.2& N ¥ A &
X ¥) chromodomain 25 #4300, g iR il 2H 25 1 H3K4
(R H B Al A7 120 55 H A =2 ATPase MEAEAHLL,

W 2H AR [iZa53 & R IT
Composition Yeast Human Arabidopsis
S 46 Complex SWI/SNF RSC BAF PBAF SWI/SNF
AL JE ATPase Swi2/Snf2 Sthl hBRM or BRG1 ~ BRG1 AtBRM/CHR2, AtSYD/CHR3, CHR12,
CHR23
JEfeAt T 2 Swil/Adré BAF250/hOSA1L
Noncatalytic BAF180
subunits BAF200
Swi3 Rsc8/Swh3 BAF155, BAF155, SWI3AorBor CorD
BAF170 BAF170
Swp73 Rsc6 BAF60aorborc  BAF60aorborc  SWP73AorB
Snfs Sthl hSNF5/BAF47/  hSNF5/BAF47/  BSH
INIL INIL
Arp7, Arp9 Arp7, Arp9 BAF53aor b BAF53aor b ARP4 or ARP7
p-actin p-actin
Brd7 Brd7 BRD1 or 2 or 13
R AR Swp82, Tafl4, Rsc3, 5, 7, 9, Brd9 ARID2, BAF180
Unique Snf6, Snfll 10, 30, Htl1,
Lbd7, Rit102
%2 REWIFEI I1SWI. CHD & 1R41AL
Table 2 Compositions of ISWI and CHD complexes in different species
T ELA -
e T e A e
. Subunit : .
Family L Yeast Human Arabidopsis
composition
ISWi 244k Complex ISWla  ISWIb 1SWI2 NURF CHRAC ACF
HEAL T ATPase Iswl Iswl Isw2 SNF2L SNF2H SNF2H CHR11, CHR17
AL T 5L Itcl BPTF hACF1/WCRF180 hACF1/W
Noncatalytic CRF180
subunits Dpb4 hCHRAC17
Dls1 hCHRAC15
RbAp46 or 48
i A Unique loc3 loc2,
loc4
CHD H 4k Complex CHD1 CHD1 NuRD
LR ATPase  Chdl Chd1l Mi-2a./ CHD3, Mi-2/ CHD4 CHRS5,
PICKLE/CHR6
e AR MBD3, MTA1,2,3
Noncatalytic HDAC1,2, RbAp46 or 48
subunits p66a, B
i WA Unique DOC-1




EE] GG T ERRE T R E LR 567

% 3 AFYF INOBO/SWRL K A1 1,
Table 3 Compositions of INO80/SWR1 complexes in different species

MEHEZH A% Subunit 2383 A% R IF
composition Yeast Human Arabidopsis
=&k Complex INO80 SWR1 INO80 SWR1/SRCAP  NuA4/Tip60 INO80 SWR1
AL ATPase  Ino80 Swrl hino80 SRCAP p400 INO80 PIEL
e 5E Rvbl,Rvb2  Rvbl, Rvb2 Tip49a, Tip49b  Tip49a, Tip49b  Tip49a, Tip49b  RVB1/RINL, RVB1/RIN1,
Noncata|ytic RVB2A or B RVB2A or B
homologous Arp4, Actinl  Arp4, Actinl BAF53a BAF53a BAF53a ARP4 ARP4
subunits Arp5, Arp8  Arp6 Arp5, Arp8 Arp6 Actin ARP5, ARP9 ARP6
Tafl4 Yaf9 GAS41 GAS41 YAF9A, YAF9B  YAF9A,
YAF9B
les2, les6 hles2, hles6
Swcé/Eaf2 swc4
Swc2/Vps72 YL-1 YL-1 Swc2
Swc6/Vps7l  ZnF-HIT1 SWC6
Bdfl Brd8/TRCp120  Brd8/TRCpl20
H2A.Z, H2B H2A.Z, H2B H2A.Z H2A.Z
TRRAP TRAL
EPC1
ING3
MRG15
MRGBP
hEaf6
KT Unique  lesl, les3, Swc3,5,7 Amida, MRGX, MBDS9,
les 4, les5, NFRKB, FLJ11730, ALS5-7
Nhp10 MCRS1, MRGBP,
FLJ90652, EPC1,
FLJ20309 EPC-like

INO80/SWR1 (inositol requiring 80)& & 14 ATPase
MV HE g5 i 38 DExx 5 HELICc 2 i — B &K 1
AR IR AR (K 1), SRTMIX IE AR M H ATPase (1)
T PR,

BIRANF G EEE Ak ATPase WVIE7E4S5
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ThREE. a1 ISWI R CHD H&4AE% 25 DNA &
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il Yt B 2504, T SWI/SNF & AR U 52
Gy 5t ) 25 R AN AZ /MR RS E B IR B 4 0510,
INO80/SWR1 & & 44 M| /i 3: 4 % 1 48 #& (histone
variant) & ¥, b INO80 B &4/ F H2A it
H2A.Z, Tl SWR1 E-& 44N 5 2 A 08200, HiEH
H2A 5418 AR R H2A.Z 2 18] 1) BBt 1% /MR 45 14
R 1 & e o 23]
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Fig. 1 Domain organization of different families ATPase (Cited from Clapier[)
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TR Z b, iR R S E A R E S
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M, HA ZEL 0| ATPase v M4 i AN B e 5
WZ/AMESE G, SR HA LB B RESR s RE RSC &
AR (SWI/SEN ) [ #9835 14 34,

2 fEP gLt BRI T M T RE

HHT, FEY G )i G SR B R 58 4 0
B E, SRTIEAE A AR A ELAE AR S s i A
WAFAEZ PGt HIB T G (FR 1~3). Fltdd
Yo i = 93 5 A A [R5 IV 5 (R AT 7T ] M T 48 7T A
Vgt i I E SRR DiRe. @ SRR, A
NIt 5 B ¥ 44K ATPase V3L (1 FIVE ELXT, 0
FITT 5 41 > ATPase Z5i4I5(SNF2-like)ZE (K, w] 7
N Snf2-like. Swrl-like. Rad54-like. Rad5/16-like.
$S01653-like 1 SMARCAL1-like Zj, SN FME X
A AL BB, 40 Snf2-like KA 439
SWI2/SNF2. Lsh. Iswi. Chdl fll Mi-2 L%, ifi
Swrl-like Z AT 43y In080. Swrl il EtIL 3V 58 % .
WAL AR A A B IP-MS WF e 8, R TF
(Arabidopsis thaliana) SWI/SNF ¥Lff i #¥5 A 14
WEIEAZ O 2H 5y 5 I RERNZNIARARL, AH5 A £ [RJA
FH (a5 RE SWI3 [FJ5 Y SWISA/B/C/D), HAH
TEYIRFE LK 2). XS EY YO B E A
PETT e BA SEhAEEREAR R DR . S8 &2 O
R AERE, REER S 50010, S8 E K

WEESHSELMAEENEGER 4). A ITIrE
SNF2-N Z& [ Snf2-like (11 M)A Swril-like (4 1)
FEMATEF A A v e AE ) s i I
AT, [l Geix e R BT AR RO 7 R R AR B
B o 1F Snf2-like ZX Mk, SWI2/SNF2 JE K (4 M)
CHD1-Mi2 T J (4 4N)~ Iswi-Lsh JE i (3 M)Al
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Fig. 2 Speculative compositions of plant SWI/SNF complexes (Revised

from Jerzmanowski®1)

2.1 SWI/SNF &4
2.1.1 SWI/SNF & & 1A 4k W 3

SWI/SNF & & 1k & - )% B (Saccharomyces
cerevisiae) 17 B % 0E , B G KINERE SRIN
FEAE T30 S48 (Drosophila melanogaster). /)N R
(Mus musculus)f1 A, H AT T4 SWI/SNF
FAE W BARHBOEA G 5, H &I E A
HAE R B SRR TR . E3F
JF 41 /) ATPase 45 #435 (SNF2-like) & 4 ', SWI2/
SNF2 iV 5 j& 1% 7t AtBRM (BRAHMA). AtSYD
(SPLAYED). AtCHR23 (CHROMATINREMODELL
ING23)# AtCHR12 (CHROMATIN REMODELL
ING 12)# A 1l GE &Y SWI/SNF & & K {4k T
5, H AtBRM [ REPESCK . 158, (VA AtBRM
H A C-im AT SR SWI2/SNF2 Al BRAHMA
B bromo i Hik, ABRM & N-¥ii
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Table 4 Functions of chromatin remodeling complexes subunits in Arabidopsis
2 AR e HWHAEREA Uik 20k
Complex subunit Gene Interacting protein Function Reference
SWI2/SNF2 AtBRM/CHR2 AtSWI3C, AtSWI3B Shoot development and flowering 34-35
KNAT1/BP Inflorescence architecture 36
LEAFY Floral organ identity 37
TCP4, AN3, SWP73B Leaf development 38-39
PIF1 Chlorophyll biosynthesis 40
REF6 Control H3K27me3 level 41
FGT1 Stress-induced chromatin memory 42
MMS21 Root development 43-44
PP2C Abscisic acid responses 45-46
SE pri-miRNAs secondary structures 47
AtSYD/CHR3 BARD1 Shoot apical meristem maintenance 48-49
AN3 Leaf development 39
LEAFY Floral organ identity 37
CHR12, CHR23 Seed germination 50
Stress responses 51-52
Early embryo development 53
SWI3 AtSWI3A Early embryo development 53
AtSWI3A, AtSWI3B, 53-54
AtSWI3C, BSH, AtSYD, FCA
AtSWI3B AtSWI3A, AtSWI3B, 53-54
AtSWI3C, AtSWI3D, BSH,
AtSYD, AtBRM
HAB1 ABA signal transduction 55
IDN2 IncRNA generation 56
MORCS6, SUVH9 DNA methylation 57
Leaf development 58
AtSWI3C AtSWI3A, AtSWI3B, Plant development 53-54
AtSYD, AtBRM
SWP73A, SWP73B, AN3, Leaf development 39
ARP4/7
RGL2, RGL3 GAssignaling 59
AtSWI3D AtSWI3B Plant development 53-54
SNF5 BSH Repress SSPs in leaves 60
Plant development 61
AtSWI3A, AtSWI3B 53-54
SWP73 SWPT73A AtSWI3C, AN3 39
SWP73B AtSWI3C, AtSWI3D, AN3,
ARP4/7, AtBRM
Leaf and flower development 62
Root development 63
Flowering time control 64
Hypocotyl elongation 65
Repair of ultraviolet-B-damaged DNA 66
ARPs ARP4, ARP7 AtSWI3C, SWP73B, AN3 Plant development 39, 67
Ino80 INO80 Controls homologous recombination 69-70
Plant development 70
Etl1 CHR19 SUVR2 Gene silencing 71
ARM/TERT Telomere Maintenance 72
Swrl PIEL ARP6, SWC6, SWC2, H2A Flowering time control 73-74
Replacement of H2A to H2A.Z 75-76
immunity 77
MicroRNA expression 77
SWCs SWC2 PIE1, SWC6 73-75
SWC4 SWC6 Leaf cell proliferation and expansion 75
SWC6/SEF PIE1, SWC2, SWC4, YAF9A, 75
RVB1, RVB2A, RVB2B,
ARP4, ARP6
Flowering time control 78
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Complex subunit Gene Interacting protein Function Reference
RVBs RVB1, RVB2A, RVB2B SWC6 75
ARPs ARP4 SWC6 75
ARP6 SWC6
Regulates female meiosis 79-80
Yaf9 YAF9A CCA1, HAM1 Leaf cell proliferation and expansion, flowering time 81-82
YAF9B control
CHD1 CHR5 Embryo development 83
Regulates plant immune responses 84
Mi-2 PICKLE/CHR6 Root development 85-86
Control H3K27me3 levels 85, 87
RNA-directed DNA methylation 88
Vegetative phase change 89-90
HY5 Hypocotyl cell elongation 91
SEP3 Floral organ identity 92
PIF3 Skotomorphogenesis 93
BZR1 BR-mediated response 93
DELLAs GA Signaling 93
Lsh DDM1/CHR1 MBD5/6/7 DNA Methylation 94
Heterochromatin Maintenance 95
Enables methylation of DNA bound to the nucleosome 96
Telomere maintenance 97
Control leaf senescence 98
ISWI CHR11 Nucleosome distribution 99
CHR17
RINGLET1/2 Flowering time control and flower development 100
DRD1 RDM1, DMS3 RNA-directed DNA methylation 101
RAD54 DNA repair 102

RE 5T RE SWIS [AIYF AR 1 AtSWI3B F1 AtSWI3C #H
HAEH: B¢ brm A1 swilc SRAS A BA AL F AL B4,

AtBRM T ZL7E 7 A H RN Gl a8 B R Rk, JL
Dhfedh e 32 2 000 AR HEF i —F T i 55—
AR, ix F B AtBRM EAA XU E T g . AtBRM
MORIEREE N, ERK BRI G, EREK
HH s K H B H RT3 H LR EE 5 6,
AtBRM ik 2k RATAAR T, G AH 24— M ARAE Ji 1
NAFFAE, XK AtBRM 1E 4815 I+ 16 F2 A AE
FH0 2 5098, 3t — DR, AtBRM Bk T 5200
] S )97 S R B i Ak, 384 FLC A SVP [15R
51041081 ZE i Forf, AtBRM 4315 TCP4 A1 AN-
GUSTIFOLIA3 (AN3)FH EAEH , SL[A R K E
FHOCHE R R 2 IR 18391, FRATTIIAH FE 3R B, TEAE)T Hl
H AtBRM 5#% 5 [X - BREVIPEDICELLUS (BP)
FIEAER, EEAT KNAT2 1 KNAT6 [k K1
P05 ik B 190, 7F BB iE 1, AtBRM 5 PHY-INTER-
ACTING FACTOR 1 (PIFL)#HEAEH#I#| PROTO-
CHLOROPHYLLIDE OXIDOREDUCTASE C (PORC)
Feak TR 2R 25 G 0, Bri S R4, AtBRM
IRAT 5 HAZ B AR EAE A . i iaic iz s

f FORGETTERL (FGT1)Y AtBRM #HHAEH, 4k
FF T U AR ol 1A O ik BRI A T Sl RS 2L TR
Y1 H3K27 % F 3L 1L RELATIVE OF EARLY FLO-
WERING 6 (REF6)ifijd 155 AtBRM 25 & T T itk
CTCTGYTY /7 FEAILH H3K27me3 7K~ HiE
M, X554 BRM #5491 PcG & H (polycomb
group proteins)I1EFH—E(. PcG & AE AR %
I PR - AR 40 A ARV A TR RS, Hep
#)i@it 5 Polycomb Repressive Complex 1 (PRC1)
A1 PRC2 & AHH ELAE FY S S AMGERF 44 (5 BT 40 IR
B, PRC2EGHREHRERRS GG, Xk
PRI ZH 25 1 H3K27me3 &40, M I Rk . X
HIRAVER R 7T ER K I ENEE] ABRM 51
PcG & H M A K Ris it A 2L PINs £k, M
0 5 M) = AR 70 4 L s P B A 45 1 4 SR — B34l
BT AR, B S B X e to 0T E I AR
FHHEIZMEM, ABBRM {E8 ABA 5 52 04
SNRK (REFEAEMR A 1 25 1 Ag) A PP2C (R I IR
20) IR ABA J N6l B Al 1R A8 5],
METHYL METHANE SULFONATE SENSITIVITY
21 (MMS21)ifiid SUMO b2 AtBRM 175 H A
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REMESSTRREW, GBS, g
2% B microRNA Fii 1A (pri-miRNAs) 1 i 5 AtBRM #f]
HAEA, AtBRM {EA microRNA Jifkhn T8 &4k
SE (MICROPRO CESSOR COMPONENT SERRATE)
H 73 204 microRNA Jif A — 28 45 ¥4 S Ji5 28 i
DCL1 Al HYL1 #E— 117,

SHHUFE T+ SWI2/SNF2 3V 5% % HoAth 5 572 (EIRF 58
K, AtSYD 5 Tl 43 A H 24 (SAM)TE PE IR 4ERE .
syd SRR FBRIEMRIE DN, BRGNS AR ER
SAM Gk, HAERIMLE R, ASYD il WUS &4
B SAM [4EHF, R4 AtSYD 75 BARDI 4 H.
PEFEZEAT WUS J8 3+ B 345 4 M 815 WUS 3RiZ,
JaFEdE SAM HF-4Hfayd PELe49, A Fik
0, ASYD @i iiE JA Fl ET {5 5 MK 2
R ) A 40 Pl i 87 206, 3k e P L A 58 43 A i
it #H| SNC1 (SUPPRESSOR OF NPR1, CONSTITU-
TIVE 1)s2E 007, 5F AtCHR23 1 AtCHR12 7 f#
IR B HIDIReIEA TG . 1ERIA AtCHR23 Al
AtCHR12 S5 FE P17 & 0, 78 HAth % & i 2
AtCHR23 it ik B A K, M AtCHR12
I FIARANA B BB, HAERE T, —ERA
FHABAS2-53,

2.1.2 SWI/SNF 5 &R R T 3-SWI3 285

ARG TR H g 4 > SWI3 [FYEE A, 251
N AtSWI3A. AtSWI3B. AtSWI3C 1 AtSWI3D, 7£
SER AR 1845 SWIRM. SANT F1 Leucine Zipper
gERsg. BT R BREY) SWI3 288 (AT E &4y
NPiE, Bl SWISA/B FISWIBC/D, iX t 5 AtSWI3A.
AtSWI3B. AtSWI3C il AtSWI3D 1442 T fig
JT 2 5 HIFF . ASWISA 5 AtSWI3B 5245 S S IR
R R B 5, 1 AtSWISC Fil AtSWI3D R
BAFAFEYIH e B KA PR A2
AtSWI3C RAZE FHHE FR K E 7w, miHAh 3
AN TEATAR I A5 21 AH B R AL, B BEXU IR AL 45 R
T, ALSWISA f] 73515 AtSWI3A. AtSWI3B.
AtSWI3C. BSH. AtSYD Fl FCA #H {5354, $2
7~ AtSWIBA.BSH 1 AtSYD Al B 1 N E A1k,
SR G T AtSWIBA 15 HoAth 2 1 AH BLAR FH B A2
B HBTIEAERE. X ASWISB 5, Manms
AtSWI3A. AtSWI3B. AtSWI3C. AtSWI3D. BSH.
AtSYD. AtBRM #HEAEH AL, 45375 type 2C 2K
T2 i (ohosphatase type 2C) HAB1 (HYPERSENSI-
TIVE TO ABAL)FIKEE RS iS RNA &5 22 IDN2

MEAEH, 25 ABA {55 MK JEMID RNA JE
55561, it — P W SR SR B, AtSWIBB (L4 At-
SWI3C F1 AtSWI3D)-5 MORCS6 (microrchidia 6)
SUVH9 [SU(VAR)3-9 homolog]fil IDN2 FEZE &1,
JHIT RNA 153 f1) DNA H %4t (RIDM, RNA-directed
DNA methylation) /1 5 1181514 DNA [fH 34057,
MR E DR, AMSWIB B i iad: K AR i
F A IAMT1 (IAA carboxyl methyltransferase 1)) %
R MR HRIE, Nis5m K EB,
AtSWI3C 1435115 ASWI3A. AtSWI3B. AtSYD
Al ABRM HEAEH, #t— DR RHHEILE TS
Sk N T AN3 FEERE SWI/SNF & &K [A] 6 & (I
SWP73B DL K ARP4/7 (actin-related protein4/7)AH .
TER WM AR BB, [, AtSWISC Eid 5
DELLA %1 RGL2 1 RGL3 A1 H./E e # GID1
(GIBBERELLIN-INSENSITIVE DWARF1)#i GA30x
(GIBBERELLIN 3-OXIDASE)%i%, 25 GA G5
S, AEXEFHA 34 AtSWI3 . AtSWI3D
T REIE N2 L0, HEk R MR R B AtBRM
AtSWI3C SR RAGRAREL, HIH &, fEdsw
R T R SR A,
2.1.3 SWI/SNF & &ML TP HE-SNF5 58
FERERE, SNFS 85 A 6 4L 0 5 (1) 255 fic Fn 3% [A]
JA3IF5 SWI/SNF B &1 46 28 oc S 220081, 1
C iR 1 1) 200 M IEFR TR FL Y i A~ B 2 4544 171
515 SWI/SNF & &4 Ho A 7 34 A A K51 eyclin
E/CDK2 2[R EAEF  sh¥n kA Snfs S8R 4+
2 F8UERE. EMFEITH, SNF5 [FJEE H BSH
(BUSHY GROWTH){X H1 1 M gwiY, HrTh5
AtSWI3A F1 AtSWI3B AHEAEH, HAEREREH FI6
RiIE, W] HAMNEERE snfs S84 R R A0, FiI F I X
RNA HARFEK BSH FIA S S0 ) T 73 A 2H 2k
N IRASE 61, T-DNA 46 A\ 583514 AR S 3
FhFICAEFE R PE Sy i S 3R, SRR R 20 R
PLAT LA B (1) R 40T, X A g A2 BT T-DNA #i A
AL ETE BSH 1) C Uiy, {XAEIR BSH 21 C b g fa
3 BSH i& R B 5 Th e
2.1.4 SWI/SNF E &R IR A SWPT3 K H
PRk SWI/SNF & AR 5E SWP73 Xt SWI/SNF
HAWIERR SRR EH S XEE. EEyT, W
B4 T 3 (R 2H 4 5 5 A SWP73 2 14 : SWP73A il
SWP73B, 3 % BT HIAHAL R =ik 83.7%. &
FI EAES>HT R B SWPT3A (XA 5 AtSWI3C A H.E
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H, T SWP73B MY AT LLYE AtSWI3C A1 AtSWI3D
MHEAEM, 685 AtBRM 1 ARP4/7 DL R i 55% K
+ ANSAHEAE B AW 22 T e 43 3 B, SWPT3A
1 SWP73B UJREJNA AT 22 5, SWPT73A AT A
AT R, T SWP73B RAF SEUE AR, i
JFHRE R B e AR AL [ 4R 64, 1 — 2P 7
KU, SWP73B it (R 4 73 R 2 1 & e
BERR R o AR 2R B HERFE3N; [ B et e e £ i 4.
BB A H2A.Z (8 52 FLC KIE I
Z 5 AL, SRR, SWP73B
I B AT NI R T G-box X I T H Rk
0 R IER K, {55 SWP73B BEL#E4: & Fk A 5
PIF4 454 [ 2E R4 R AN R 188, 75 e 5 T,
SWP73B i 25 UV-B /3] DNA fitfi& 5., SR
FLAE ML AN I L 561,

2.1.5 SWI/SNF &2 & 1&3Ef#EL 5 ARP KEH

% BERIZh W) SWIISNF 28 5 A k35 & — 2%
ARPs (actin-related proteins) & (. 7EEELEH, ARPs
—3LF 10 MM(ARP1~10), H /7% 5B RE actin AHALL
P4 5 15698 . 7TEF BE T ARPs 1, ARP7 1 ARP9
7& SWI/SNF 25 (45 RSC)RE &k 4y, 1fi ARP4,
ARP5 il ARP8 &y INO80/SWR1 &E &1k 4y . sh#)
SWI/SNF £V &4 —4> ARP (Baf53/BAP55), 5%
ARP4 [F]JF . BEIRTELEH) - ARPs 5 actin A4
&4 ATP/ADP-binding pocket (actin fold)45#y, 1H
K ARP4 b, HA AT ARPs 2%13%45 1% actin AREER)
ATPase 5. AEVIFFTH ARPs 1l 53 11 235, H
H ARP4~ARP9 FJi i K 2 5@ A T4 %07, )
FATT R4 A5 9 4> ARPs (ARP2~ARP9, H:H1 ARP4
5 2 NFEJEIER ARPA Fil ARP4A), Hf ARP4~
ARP9 A7 T4l iZ 1M, ColP-MS 43 #1 3 FH7E #L e
T ARPs 1, ARP4 F1 ARP7 5 SWI/SNF 54
AL 73 B9, T JE Sk I LR ARP4 52 INO8O/
SWR1 5 1&RI4H 5 -

AR IEH BT, ARP4 Fil ARP7 & H7 T 4H
Mukz, (HER 2250 34502, e S Yt m 425 ook,
H A mT Dl A7 T 40 g i 09, 5 ARP7 #H1EL, ARP4
R RL FHENAE, ORI RAE KK
B IR, (R AR E R E 5

%%@@[67—68] .

2.2 INOSO/SWR1 E &4k
INOSO Jk [X] f5¢ 5- I\ 075 14k i 4 P Rk g A= 0 & ik

MIRAR R Ry 8, S i R 53 Ah 14
AN IELH i A AR (3 3) . BifiJ5 » INOSO [R5 K] Swrd
IRE T RE R R I, 3 B AL B Rk Htzl 5
H2A 2 [al (A5 e, #E—BWF e R0, Swrl th 5 Hifh
EAERE A, Ho Rvbl. Rvb2. Arpd Al actin
A5 INO80 H &It A (5 3). W+ H4id 4
AN(FLFE PIEL. INO8O. CHR19 Fil CHR10)5 INO80
A Swrl KE A AT I FVEE A, H Ao
CHR19. INOS8O Al PIEL [RIZHAEE FT 1 ik

CHR19 5 SUVR2 [SU(VAR)3-9-like histone
methyltransferase] #H H.4E ), i@ K# T RADM #1
AT RADM Fi4cig 155 5 DNA LAk i 445
FRFHPR AT, [FR CHR19 i 7] 5 ARM (arma-
dillo/g-catenin-like repeat containing protein)m i A&
i RS BEAZ 0 U 3 TERT (telomerase reverse trans-
criptase)tH HAEHE U 44, #2278 CHR19 Al fg
Z Gk I ZERRT3, INOSO A8 S 3l Fg F+th DNA
[ 5 B AL BRI, (H AN e LAt i 42 () DNA 2
IEFRET-s8l, B AR, INO8O AR FHIFg
RPN IR, AR S 35 T 8 B AR /o,

H /T 00 7 AL RS IF SWRL 5 4 1 i b i
10 /M F R4 8 (PIE1. SWC2. SWC4. SWC6. YAF9A.
RVB1. RVB2A. RVB2B. ARP4 il ARP6), H:t PIE1
R R, 2, PIEL 05 SWC2. SWC6 Ail
ARPS6 DL I 4H 55 1 H2A FH BAF 2 e Ak
BB, Wk, 5 PIEL RIS &R E R
LR AR P B A7 5T H2A.Z AR (38 75771, 4%
MAEERZ, e eEdfEd, PIELFI SWC6
RAF GV REATUERAK, 17 ARP6 58748 I3 fin
DS, X R F A B AR TP Y SWRL B
BRI ThREATBE R A —FEI . PR R
B, PIEL @it{Ei#t miR156 Il miR164 Fik,
—# B ERRES S ED R E,

XTAEYI INO8O/SWRL & AR IE 4k T 5 RVBL.
RVB2A il RVB2B eIt iz 0, (HF 1 % e
KU, Hies SWC6 L E A1, X SWC4 1)
MAREHHS SR TR T, BXm 540
FRLFA o AR K 22 DG 205, [ ol i 45 v R 3L
L SwC6 HHHEAEH . FIFH SWC6-MYC fili 25 i3t
1T ColP 4545 543 H, SWC6 5 PIE1.SWC2.SWC4.
YAF9A. RVB1. RVB2A. RVB2B. ARP4 fil ARP6
& &R, H pre-messenger RNA & it Ski-
interacting protein (SKIP)/\ 585 {J1A#% FLC. MAF4
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1 MAFS5 ik Z 5 EPFF R ] He e 8, ARP6 Bk
L5 PIEL #1 SWC6 #H HAEHZ 5 PIEL F1 SWC6 #H1Lh
fiest, EiEid{Ei# DMC1 (DISRUPTED MEIOTIC
CDNAL)ZRIA(E 3 MERC + HII8E 7 2409, dE— D Hf A
e 0H %0 R A 40 B 2 R P450 FE K] KLU (KLUH/
CYP78A5)if ik ARP6 i ik WRKY28 ik i S,

PRI A 24 5L INO8O/SWR1 H A4
FE Yaf9 [EJEIGFER . YAFOA F1 YAF9B. YAF9A Al
YAFOB 7E it A #B73 TUA, Forh YAF9A fiE 5 SWC6
MHEAEMH, H YAFOA @it 2 5 FLC A H HA LTk
AR 3 L ZRIE, PRI FT A1 SOCL Fik, I
HJFERY . eEr TR W], YAF9A 1 YAF9B i
AT A MR AN A R AR R B, B E
FRACEAEAE— 200 T FLC Hi242082) B4R YAF9s
A I ERF GEAMEHE) H2A.Z A8 i 5 FLC 3 [ [X 1)
G M FLC 5 A HA LBk /KPP B8 1 FLC &
J‘$[82]o

2.3CHD B4

CHD Z: [ i il i 7E 2546 %545 DEAD/H-
related ATP B 25 #3848, o N 5 id & F —BUH G
chromodomains £5#3k. A5 CHD &K H 40N 3 2.
CHD1 1 CHD2 7t C %ii % DNA 454 [X; CHD3
F1 CHDA4 1) C itk DNA Z54 11X, N g — %t
PHD £5#J; CHD5~CHD9 [f] C ifi &5 2 R 451 .
fi BE LR AN 4 A9 1 > CHD £ CHD1, Kl 5
HE A OBl E A K (SAGA and SLIK
complexes) PHAH BAEH, it H PHD gifgiin
Jill H3KAme3 A7 s 5 e selffuis X 4 G it T Ui 2k
PRI s A A AN BT )

B AL A, X4 R 7 CHD & A4 1) HoAh
WIEFRATE Sz /0 LR T HE R 2 4w 4 1~ CHD
AL IE, 7359 CHR5. PICKLE/CHR6. CHR4
Al CHR7 .. H. v CHRS Jl i 448 SNCL #Z /My %
1B SNC1 Rk Z SHEYPumid 2R, fEM T K
HidFE CHRS @it 4541 ABI3 fl FUS3 Ja 3 71
HFF, ABRRER. GEERE, EXA
1172 PICKLE 54T CHRS [hgER, X5 PICKLE
TE A R M Bl A M Th R — £, 5 AtBRM
FHAEL, PICKLE i id 54% T PcG #H CLF (CURLY
LEAF) ¥ Zh e fe 2k AR A 25 A= 2 21 vk 14 89, s
I 1AALS A S AR 246 55 K] ARF7 A1 ARF19 %
IR 0 AL AR, BRAEAR 1 4, PICKLE IS fERT

R ATESS B IR B I RSB CLF, s H 45 B H3-
K27me3 7K1 A3, SR AE 14 d FI%)TE Y, PICKLE
HMEHE R R R H3K27me3 A /K87, ixiR
YA F R BB B PICKLE FIZhAEA—FE. 32
— G5t %M, PICKLE Al 5 MADS-Box ¥ 3¢ A+
SEP3 #HEAEH, #E/R7E PICKLE SMfEas B KB
A GEBAR AT SEP3LO, PICKLE 38 idt 5 Wi #1144 Al
B PR S, AEEY A TEA KL, 1 HYS5 @
% PICKLE #8754 A K L K] H3K27me3
AP LR, THIH] R RSO, 5 4b,
PICKLE %3 %ilifiid 55 PIF3. BZR1 1 DELLASs #HH.
V2 SRS BR 1 GA {5 5 S 7281, I
MG = H A . H—PHREY, PICKLE
IS DELLAS S 5 A K K GBI
AR, [ GA {5548, PICKLE ifiliid Bk
MIR156A/MIR156C [f] H3K27me3 7K - H % ik
M AR 2 HE A B 7R B B ¥ A% (vegetative phase
change) (M 45 31| g 24900, (4145 H3K27me3 7K
4b, PICKLE i&i#id 2 5 RNA f5 531 DNA H 34k
(RADM, RNA-directed DNA methylation)#1i] = Ji#
SR Rk,

2.4 ISWI B&14&k

ISWI & [ (imitation SWI) -5 M 5 i R i 21 it
P A% IMA B IEE IS AR R B S, Ho—
%% DEAD/H-related ATP fiff, Hi&&#A SANT Fl
SLIDE ZifeId. FEARAMIMAEERR, Hig ISWI 245
AR BEEL S, TERN ISWI Z AR LR Fa e
01 #1] 7] Y5 3L [A] (homeotic gene) & ik . H B X HE 4
ISWI 255 A R BRI S0 2 B /D, o R A T 35 F A
REWHZSHZ AR K CHR11 Ml CHR17
S [F] 5 R R X (gene body) A% /M 2 8] <
27 (nucleosome spacing) il 15 i 2 K FR 1A, [F] i
CHR11 #1 CHR17 it 43 7lidid 5 DDT g5 sz 5
RINGLET1 (RLT1)A1 RLT2 HH H{F R T A6 a]
AFEER B K B0, 25K 53— it DECREASE
IN DNA METHYLATION 1 (DDM1)[{I#F 72 £ 81, F
T2 5 DNA ) H EAL 2 . DDM1 @il 5 Methyl-
CpG binding domains (MBDs)AH H.AT F i 4% J& & 7
Yoty i _F e A7 RS0 DNA R 404, i — A
N MBDs #5202 2 (1 (1) H 5440 2 5 DNA |1 H
#A4t. 5 RADM A[H, DDM1 25 DNA H 4L
T E h DNA RS CMT2 A 599, —3ilid
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P gL i B R (00 TE)AS A X B ) DNA H &AL
HKPYERFFE A UTER . FH5E 1, DDM1 2l it 520 5
Pt i HL R CMT2 BN 5 454 T R Yt
DNA T 523 DNA H B S 119, i — B A 5t 3%
i, DDML1 it n] {3 F 4 1) DNA 7E#% /M g
SR TE BFE O () Y T A A 0T, A R
DDM1 RAMALEE LA RE 5 AW, Himhi KN 58
A RURRACL, TITESR 6 ANLUS IR AR Hh i K B 3
N, XA I E DDM1 S sk G —
SE PRI 1] 70 B 50N o (]I DDML 538 44 B 7
WEIRFEF LR, fox DDML B2 5 EE, R
TR F BARBLHIA AN FE 8,

2.5 FHAh Snf2-like HH

Harst HAh Snf2-like 2 A MIThAEIEAZ+ 45
TEAE, AR FVEME T IR B (1 (41 AR AT
HARET U EE AR IAER— . HiEE R
PRI 3 B 2R BB L i Rt A EHELK D fE . Rad54-
like Z% B 71 DRD1/CHR35 (DEFECTIVE IN RNA-
DIRECTED DNA METHYLATION1) 5 RDM1 (RNA-
DIRECTED DNA METHYLATION 1)1 DMS3
(DEFECTIVE IN MERISTEM SILENCIN G3)/E & E
41K (DDR complex), iEid polymerase V /555
RADMUBOU, i1 50k 7 — it Rad54/CHR25 Ui
I YR HIEF S DNA g R0,

ST L, HARY A b3 Snf2-like £
FI AT 7T . WK A% (Oryza sativa) DRD1 7] Y 2 [A]
OsDDM1a i1 OsDDM1b 12 5 DNA ) H 44 1151,
il CHD3 K& it CHR729 il it GA {5 5 it i s
KAELD T R B M8, /N3 Al (‘Micro-Tom”) it 3 14
Snf2-like & [A (SICHRL) o] #ilii A4 K k H 171,

3 Z5iE

Gty )5t = 2P A D 2R UL I8 A% A 2 1Y) L AR
HAZA) DNA Kl #ek. H41M DNA B R 5
FEFE R Z AR . St HE R &R
(Gt R HER TR LR, ENZ 59y
. WEEANBRESEIESMERSR. R
AR B BERISIY, R G o 5 S 28 1) T T3 A
Xt e, HAERPLEDEA G, S R
e R G 0 o B I G e R LA AT i) o E R
BEAZh P B seaf R R izl i 5 AR AR

Wi o, XHUNIRAT G S0 7R e t0 57 B YR AN 20
EABMIZ (Al Cross-Talk $5H7 7 J5 1. [AIIF 2 |
Firids, o )i B N 7E AN R R 8 (BT 1)
IR 5 A R  BRl (BL s e S PR A% B B 46 AH
P FH DA B G €2 ot B 20 DR 5 10 o6 3 J5 A8 Ao i K R
Jig I 4 S DR 3R TR Y Uk
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