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Fig. 1 Evolutionary diversification of compositions and functions in SWI/SNF complexes ">
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Fig. 2 Domain organization of SWI/SNF ATPases
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Table 2 The functions of the components in the predicted SWI/SNF chromatin remodeling complexes in Arabidopsis
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O3 SR R WREEAT 5%, AERLURE F A7 A — Le T
D) ARID HH, AH H A3 ik £ WX e A
J& SWI/SNF & &R 414).

AT S8 5 1) B R AR S LFR 4 1 24U R
TRt R E I AR — N EEA . BiE
Mo, Ify SRR 5 A K B B 7 - F0 2L
DA AR B AR I B AR B A B R R B
Bbe, RIS A AR/ Ik FL . e
M b, e, S KERE. ALk
St gy PR RS LR B i SR B, LFR
W — RA s N AR R Rk . AR,
LFR 51%/000 SYD 45 41 J5E A7 AR AR e (1) E B 12k
HE—2P K B LFR-SYD J 4 it f5 90 55 SR AR ) R
B IR B DRI ik i 4 4 U7 T R A5 EE A FH (T
JEITFE K 273 -4 M A= 27 S0 3 A R B

4 & E

20 SR, B TAEBEANICLAERERE . R
LR N R4 rh a4 19 2 T SWI/SNF He ¢ )it s 5
BEE, IHEE SR ZREE L DI RENLHRIRT ST
AT T KEIEMIIBETL. BEE SRR A% e
AN S AR, AR AR NSRS m S s
SWI/SNF 4t it 5 ¥ 52 & 1A %5 4100 5 5 40 i 1) 1
B (RS HT . R R ARSI R T R IR B
LIRS LU . ARG J5 5 BAT W] AN
T EAES YRG5 R KL, DA T e )
(Vo gt i O R A AR AL Oy e R A b B A SO B
APTAIE.L ASEE %A 5% LFR IBFGT TAE t EHE

T BATRIAEN,  LEREY i AR [ T LA Aol
gt TR Sy, MYh G TR R . il
%0 ATP i§LL K SWI3 KK M R4l 5y, Y2 T
BN AN [R5y, KA ) AL AR R A
WRAEIIVE ] XA SEA 04, DIAER AN R K
BIHIAAFE AL, XKL FEJEA e S5
AN e i I G, Sy MR AN TR] )
Gt JoT R R AT R N 2 R e R A (1 A DR A g 2
Yoty Ji T 5 A8 (816 LA AR TS RNA A5 1)
FERYUERZ 0], eI R & LR o A7 A o R gt
REMEAER? X8 ) S 2 R A R S EAT R
AR R4

B2, HETEA R ST 4 5 R W et 5
ITEREY) R R R OCE . A
ARG SR AR ISR, LETRATRERS WA R 2 & I
WIRRL R S AN R A 238 B rhad i A i T Bt
1kt SWISNF Je(t i 5 A 44, DL — D g hr
Ry v e 050 S 5 AR 22 REPE LU SRS A T 0
Y57, XS RD R RIS AL Yo (o I T)
BESHURIMBESE. [N, TR AR a4 foid
ZA THNIE: - & W5 S L7 I A= 185 QT LA 5 3 N
(IP-LC-MS/MS)~ #5217 (RN A-seq) F1 G4 (74 )i
928 FL 30 e U (ChIP-seq) 55 F A P34 & Ji2 15 21
ZNH, MEA G Y T SWISNF 844 (5, )i &
RS SAS BT 2 RIS .

2 % x M

[11 Goldberg A D, Allis C D, Bernstein E. Epigenetics: a landscape
takes shape. Cell, 2007, 128(4): 635-638

[2] Hargreaves D C, Crabtree G R. ATP-dependent chromatin remodeling:
genetics, genomics and mechanisms. Cell Res, 2011, 21(3): 396~
420

[3] Asturias F J, Chung W H, Kornberg R D, et al. Structural analysis
of the RSC chromatin-remodeling complex. Proc Natl Acad Sci
USA, 2002, 99(21): 13477-13480

[4] Smith C L, Horowitz-Scherer R, Flanagan J F, et al. Structural
analysis of the yeast SWI/SNF chromatin remodeling complex. Nat
Struct Biol, 2003, 10(2): 141-145

[5] Leschziner A E, Lemon B, Tjian R, et al. Structural studies of the
human PBAF chromatin-remodeling complex. Structure, 2005,
13(2): 267-275

[6] Brown C R, Mao C, Falkovskaia E, et al. In vivo role for the
chromatin-remodeling enzyme SWI/SNF in the removal of
promoter nucleosomes by disassembly rather than sliding. J Biol
Chem, 2011, 286(47): 40556-40565

[7]1 Chatterjee N, Sinha D, Lemma-Dechassa M, et al. Histone H3 tail
acetylation modulates ATP-dependent remodeling through multiple
mechanisms. Nucleic Acids Res, 2011, 39(19): 8378-8391



2013; 40 (9)

SEEEE, . S5 SWISNF & REBMRRFNITER

<811

[8] Eisen J A, Sweder K S, Hanawalt P C. Evolution of the SNF2
family of proteins: subfamilies with distinct sequences and
functions. Nucleic Acids Res, 1995, 23(14): 2715-2723

[9] Papoulas O, Daubresse G, Armstrong J A, et al. The HMG-domain
protein BAP111 is important for the function of the BRM
chromatin-remodeling complex in vivo. Proc Natl Acad Sci USA,
2001, 98(10): 5728-5733

[10] Levine M, Tjian R. Transcription regulation and animal diversity.
Nature, 2003, 424(6945): 147-151

[11] Ho L, Crabtree G R. Chromatin remodelling during development.
Nature, 2010, 463(7280): 474-484

[12] Tang L, Nogales E, Ciferri C. Structure and function of SWI/SNF
chromatin remodeling complexes and mechanistic implications for
transcription. Prog Biophys Mol Biol, 2010, 102(2-3): 122-128

[13] Lamba D A, Hayes S, Karl M O, et al. Baf60c is a component of the
neural progenitor-specific BAF complex in developing retina. Dev
Dyn, 2008, 237(10): 3016-3023

[14] Hsiao P W, Fryer C J, Trotter K W, et al. BAF60a mediates critical
interactions between nuclear receptors and the BRGI
chromatin-remodeling complex for transactivation. Mol Cell Biol,
2003, 23(17): 6210-6220

[15] Yoo A S, Staahl B T, Chen L, et al. MicroRNA-mediated switching
of chromatin-remodelling complexes in neural development.
Nature, 2009, 460(7255): 642-646

[16] Vogel-Ciernia A, Matheos D P, Barrett R M, et al. The neuron-
specific chromatin regulatory subunit BAFS53b is necessary for
synaptic plasticity and memory. Nat Neurosci, 2013, 16 (5): 552-
561

[17] Takeuchi J K, Lou X, Alexander J M, et al. Chromatin remodelling
complex dosage modulates transcription factor function in heart
development. Nat Commun, 2011, 2(187): 1-11

[18] Ahn J, Ko M, Lee C, et al. Srg3, a mouse homolog of BAF155, is a
novel p53 target and acts as a tumor suppressor by modulating p21
(WAF1/CIP1) expression. Oncogene, 2011, 30(4): 445-456

[19] Guan B, Wang T L, Shih Ie M. ARIDIA, a factor that promotes
formation of SWI/SNF-mediated chromatin remodeling, is a tumor
suppressor in gynecologic cancers. Cancer Res, 2011, 71 (21):
6718-6727

[20] Shu X S, Li L, Tao Q. Chromatin regulators with tumor suppressor
properties and their alterations in human cancers. Epigenomics,
2012, 4(5): 537-549

[21] Dawson M A, Kouzarides T. Cancer epigenetics: from mechanism
to therapy. Cell, 2012, 150(1): 12-27

[22] Kadoch C, Crabtree G R. Reversible disruption of mSWI/SNF
(BAF) complexes by the SS18-SSX oncogenic fusion in synovial
sarcoma. Cell, 2013, 153(1): 71-85

[23] Sims J K, Wade P A. SnapShot: Chromatin remodeling: CHD. Cell,
2011, 144(4): 626-626 ¢l

[24] Hsieh T F, Fischer R L. Biology of chromatin dynamics. Annu Rev
Plant Biol, 2005, 56: 327-3511

[25] Kwon C S, Wagner D. Unwinding chromatin for development and
growth: a few genes at a time. Trends Genet, 2007, 23(8): 403-412

[26] Samowski T J, Rios G, Jasik J, et al. SWI3 subunits of putative
SWI/SNF chromatin-remodeling complexes play distinct roles
during Arabidopsis development. Plant Cell, 2005, 17 (9): 2454~

2472

[27] Bezhani S, Winter C, Hershman S, et al. Unique, shared, and
redundant roles for the Arabidopsis SWI/SNF  chromatin
remodeling ATPases BRAHMA and SPLAYED. Plant Cell, 2007,
19(2): 403-416

[28] Farrona S, Hurtado L, Bowman J L, et al. The Arabidopsis thaliana
SNF2 homolog AtBRM controls shoot development and flowering.
Development, 2004, 131(20): 4965-4975

[29] Bli45%E. FFF LFR & A AR R A L2 7 & H 5 LFR A AF
WHFL[D]. A5 ARG R4, 2012
Yuan T T. Biochemical identification of LFR-containing protein
complex and interaction analysis of its components with LFR in
Arabidopsis[D]. Shijiazhuang: Hebei Normal University, 2012

[30] Yan Z, Cui K, Murray D M, et al. PBAF chromatin-remodeling
complex requires a novel specificity subunit, BAF200, to regulate
expression of selective interferon-responsive genes. Genes Dev,
2005, 19(14): 1662-1667

[31] Wang Z, Yuan T, Yuan C, et al. LFR, which encodes a novel
nuclear-localized ~Armadillo-repeat protein, affects multiple
developmental processes in the aerial organs in Arabidopsis. Plant
Molecular Biology, 2008, 69(1-2): 121-131

[32] Wagner D, Meyerowitz E M. SPLAYED, a novel SWI/SNF ATPase
homolog, controls reproductive development in Arabidopsis. Curr
Biol, 2002, 12(2): 85-94

[33] Kwon C S, Chen C, Wagner D. WUSCHEL is a primary target for
transcriptional regulation by SPLAYED in dynamic control of stem
cell fate in Arabidopsis. Genes Dev, 2005, 19(8): 992-1003

[34] Wu M F, Sang Y, Bezhani S, et al. SWI2/SNF2 chromatin
remodeling ATPases overcome polycomb repression and control
floral organ identity with the LEAFY and SEPALLATA3
transcription factors. Proc Natl Acad Sci USA, 2012, 109(9): 3576~
3581

[35] Farrona S, Hurtado L, March-Diaz R, et al. Brahma is required for
proper expression of the floral repressor FLC in Arabidopsis. PLoS
One, 2011, 6(3): 17997

[36] Efroni I, Han S K, Kim H J, ez al. Regulation of leaf maturation by
chromatin-mediated modulation of cytokinin responses. Dev Cell,
2013, 24(4): 438-445

[37] ZE AN, A A2, v ey, 45 AN DU IF) G 6 )0 o 90 IR T = IR
P P Tl e U AR M 5 3 R TR R R . A AR B A4,
2012, 48(11): 1084-1090
Li CC, Zhao J F, Gao Y J, et al. Plant Physiology J, 2012, 48(11):
1084-1090

[38] Sang Y, Silva-Ortega C O, Wu S, et al. Mutations in two non-
canonical Arabidopsis SWI2/SNF2 chromatin remodeling ATPases
cause embryogenesis and stem cell maintenance defects. Plant J,
2012,72(6): 1000-1014

[39] Saez A, Rodrigues A, Santiago J, et al. HAB1-SWI3B interaction
reveals a link between abscisic acid signaling and putative
SWI/SNF chromatin-remodeling complexes in Arabidopsis. Plant
Cell, 2008, 20(11): 2972-2988

[40] Han S K, Sang Y, Rodrigues A, et al. The SWI2/SNF2 chromatin
remodeling ATPase BRAHMA represses abscisic acid responses in
the absence of the stress stimulus in Arabidopsis. Plant Cell, 2012,
24(12): 4892-4906



+812- SMFEEMYIRER

Prog. Biochem. Biophys. 2013; 40 (9)

[41] Brzeski J, Podstolski W, Olczak K, et al. Identification and analysis
of the Arabidopsis thaliana BSH gene, a member of the SNF5 gene
family. Nucleic Acids Res, 1999, 27(11): 2393-2399

[42] Kandasamy M K, Deal R B, McKinney E C, et al. Silencing the
nuclear actin-related protein AtARP4 in Arabidopsis has multiple
effects on plant development, including early flowering and delayed
floral senescence. Plant J, 2005, 41(6): 845-858

[43] Kandasamy M K, McKinney E C, Deal R B, et al. Arabidopsis
ARP7 is an essential actin-related protein required for normal
embryogenesis, plant architecture, and floral organ abscission. Plant
Physiol, 2005, 138(4): 2019-2032

[44] Wang X T, Yuan C, Yuan T T, et al. The Arabidopsis LFR gene is
required for the formation of anther cell layers and normal
expression of key regulatory genes. Molecular Plant, 2012, 5(5):
993-1000

[45] 5 b, 2RISR, FE P, &5, AR AH DG B (B 45 R S0 L SR A
T M A E AL IR S A A S R B A, 2012,
39(10): 1003-1011
Yuan C, Li X R, Gu D D, et al. Prog Biochem Biophys, 2012,
39(10): 1003-1011

[46] Hurtado L, Farrona S, Reyes J C. The putative SWI/SNF complex

subunit BRAHMA activates flower homeotic genes in Arabidopsis
thaliana. Plant Mol Biol, 2006, 62(1-2): 291-304

[47] Kwon C S, Hibara K, Pfluger J, et al. A role for chromatin
remodeling in regulation of CUC gene expression in the
Arabidopsis cotyledon boundary. Development, 2006, 133 (16):
3223-3230

[48] Walley J W, Rowe H C, Xiao Y, et al. The chromatin remodeler
SPLAYED regulates specific stress signaling pathways. PLoS
Pathog, 2008, 4(12): €1000237

[49] Mlynarova L, Nap J P, Bisseling T. The SWI/SNF chromatin-
remodeling gene AtCHRI12 mediates temporary growth arrest in
Arabidopsis thaliana upon perceiving environmental stress. Plant J,
2007, 51(5): 874-885

[50] Zhu Y, Rowley M J, Bohmdorfer G, et al. A SWI/SNF chromatin-
remodeling complex acts in
transcriptional silencing. Mol Cell, 2013, 49(2): 298-309

[51] Cairns B R, Levinson R S, Yamamoto K R, et al. Essential role of

noncoding RNA-mediated

Swp73p in the function of yeast Swi/Snf complex. Genes Dev,
1996, 10(17): 2131-2144

[52] Kandasamy M K, Deal R B, McKinney E C, et al. Plant
actin-related proteins. Trends Plant Sci, 2004, 9(4): 196-202

The Recent Progress on SWI/SNF Chromatin Remodeling in Higher Plants”
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Abstract As one of the epigenetic regulation mechanisms, ATP-dependent chromatin remodeling participates in
various critical biological processes, including stem cell maintenance and differentiation, individual development,
and other physiological and pathological processes in higher plants and animals. Recently, studies on chromatin
remodeling have become one of hot fields in epigenetics. In this review, based on the recent progresses in the field
of chromatin remodeling in higher plants and animals, we summarized the mechanisms of chromatin remodeling,
and analyzed the diversity of the compositions and biological functions of chromatin remodeling complexes in
higher plants and animals. Significantly, the function of SWI/SNF chromatin remodeling complexes in plant
development under normal and environmental stress was emphatically summarized. This review will be helpful to

understand the molecular mechanisms of the chromatin remodeling in plants.
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