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D4 122 39 1% (1 I 84 B0RE (stress  granules, SG). 5
RNA B B X P/MA (processing body, PB).
HMEZEth 5 2 MAEYFEERPML/MME(PML
bodies)' . DNAZ i B 8K [ £ DNAXUE I 24 52 16
47 B damage foci™. £ 5microRNA(miRNA)
£ BRI L If) 8 /MA (dicing-bodies, D-bodies)” . ¢
/M (photo  bodies)! "4, I L6 TE E 4 L 5% 2 Hi 2K 1 A0
IR G HE WK 4 CAWRL- VR 43 85 1 77 =4 2% () | e
RICRL, BRI AT SRR TG B 240 i 2 R < HE K 4y
R

1 M ER4
L1 4 BB B

R T RS, TR AR I A
FAXS ST AL RE RO A 70 . WWEE L3, 727
JR 53 ¥ IR A ELAE VR R b, I 5001 B
T B H AR I R SR LR (B RE), TR F R
Gt R BRI AR EAFAE, B, REH HAEE
R IR IR — R R(E, HEL). EHR
IR R R TR A AR AR, R AT,
i BRI 520 100 B I A BERE R SE T E el fEBE
AR, Zotazk). MAHH T2 & s b
TR . A LT 22 TR R e R
T8 TR AR AR, 2 5 (R 73 28
JR A AR,

VIR 5 (U A BRATIZIR) 5 1 v B 2R AL,
DY IRMFEIRZ IR, B e PR A
T3 T T 1 v R P R R A MR IR FE D IR BRORE . 244,
IRZ B R A MRS E e, M sZm &
MIRLRE. BRAh, AWK TR AR B 5T AR o B
B2 52 B 5 IR 531 18] B AR LA FH R S

R P T2 G SRR TR, PT LUK AR 7315 93 9 -
TBURA 2> B AT- [ AR 70 B YR-TRUR 20 B8 2 F ) B SR Ak 4
PAEAE AT S s e A Eh A 5c #edk,  wrBlsS A
(150 5 BEAT PR A, WV 73 BT Bt 2
PSR IRIE M, SR s R LR 4L i —
SR R B T - AR 2 B R R, An B
AR LR ST SRR, MR AR
JiE 1731 IR AE LA P FR 50 58 TR 1. AR P e SR A
BRSNS A IR R H R, T

Be8E

B 1 BN RSB b, RS s
KAG=AH-TAS, 45> F 0 AAFELEAR BAE FH RS 0L T (6
LYEP TIRES RS e 2R — R R EYR
I TIRBEARIY, BEEIWREEIN, R RABASHIIN, AGH/D;
B TIREE R TREABIE, 7 TRALERE, HEASHD,
AGHERN. AWKy 518 873 A AR AR LA F (s 1 35k
A Z0EN . n-ndbfe, n-BIE 7300, IE SR AT AR,
MR- B AR A BESESS 10 2 M AE DI (A k), VR
731 VAR BEE AR L PSR AE A RERE 1S 1A R A B E
AGHERAK

Figure 1 Thermodynamic changes in phase separation. According to
the Gibbs free energy equation (AG=AH—-TAS), in a simple system of
non-interacting molecules (shown in blue line), free energy as a function
of solute concentration is unimodal: AS increases and AG decreases with
increasing concentration; above a threshold, AS decreases and AG
increases with increasing concentration. When solute molecules interact
(shown in red line), the free energy of the system can be minimized by
separating the solute molecules into two phases of different concentrations

TN ARSI NpH. B FmE. BE. BEE
SRR RIS, (RIS 25 £ 1 96 5 12 1M (post-trans-
lational modification, PTM)FT 5, L3170 A N>
2P sUMOE, HIEEAEPA ZmkAn e

12 S EAREFSRA0AH 5 B

B A AT B AR IRHIIRE, BT
FRER, MOERAERK T RREANE HRE.
RAR K A R EAR S SR Tk, X TAEM R
TAHAERR RN S, HEROEEY RS T 50
T2 AR Z 18] LA 77 3 1 Z TR B RE A AR
AP, TR A K A 2 1A B R AR R X 1 AR 43 2
WEEREE, WIFRM, EMR>THEHEE
) A7 S TR MY, IR A AR AT AR A 7E
wEASEAR. EASRRE LR SZRE. nal
MR 25 S PR R, 20 R A R BRI =
P55k 55 5 Nck fISH3(Srec homology  3) 45 438 A N-
WASP(Neural Wiskott-Aldrich-syndrome protein) i

1145



ERRISE: YA B T R

IR L5 AL S o 43 18] 22 0 AH BLAE 5 A R
RAMAS BRI RS, AN, PAMAE RS mRNA
B V.3 DCP2(decapping mRNA 2). mRNAJiifE &
355 T EDC3(enhancer of mRNA decapping 3)F11%
=R A% ZNPM 1 (nucleophosmin  1)%5# i@ 1 47
B FIRI 2N EAEIRE R 2 BT, hE A B X IR
AR N L5 iR i 22 AH B R T IR B AH 53
BT, WA L& ZE SH3EE A 5 £ KPRMAL
R L BAE S KA B,

FAT RS 7€ G M) 1) S5 R s 2 10 7= AR 1) 2 A0 A AR
5H BB R R4, 95 1 22 A AH ELVE R AH 2 B Y
HEIKA) ). — R BT A A R A TG X 4 (in-
trinsically disordered regions, IDRs) & #5512 1 M
HAEHMEE T i 8 X, IDRZEANREYT S Hikr &
MRAEER T, HPHRE 2 B A BARH 2 244,
AEMBUAEUHAR . 278, A, K&
Mefz . RN AR A E, IR R R
W, AR, AERMRELER™.

IERHTIDRARAEES SR, IRk
e T B, (FIXLEILRR 2 AN 2 RS
FEAER. 05 B RE LRI B 31 [ 803 41 A )
n-m - BH B A R R AORE AR 55 1R 22 A A AR .
#1111, DDX4(DEAD-box helicase 4)ifi i 7K P & FR & Fk
G EIRIR I B F N Bm-BH B 1 208 5 43 (R 1)
n-n RO HAERY, 52 2448, BuGZ(GLEBS domain—con-
taining mitotic protein)F1' ZNICD[X (nephrin intracel-
lular domain) 75 75 iR 2 LR 1) A8 KK IR T 2R 1 AH
Sy A0 A B M I R IR I K
YEFHRTAE 4 BEAR B2, L S Tt g Bl O 4 Pk e ot )
TH5EHSMEEMH, MAZSAKMEEEMH. 885K
Ve IR I3 7 SE R T AH 7 B R kAR, SRR W] 3R 5l
M8, Wil 2 E A PRNAL & 1# 2 A RGG/RGE
7, nEdEBSRNAKAEMEERH. WHREERA
FF 037N B 7> 1 IE SO gl R o1, B EE
SRS TRE. AN, PSSR SR
s B R IR M B I e 38 K AR A B I RE /g, i He
FEALAB i B R S R 5 T 2 R B0 R A R AH LA 22 03
59, FRAR T FUSER [ 1 4 B g A2

L3 GEMAH 43 5 R 40 P BRIE R R
LR TS E R A2 ERNh LR,

1146

AMUATEEIE S 6 N B RRAE, T HIE 2 3] — R 513
BRI RIS, BFEEE . pHy ATP/REE. KTk
PEFNES ¥ omFE AR, X R AR BE S B R T AR
WA, WSS, SR RIZF
BRI, PEASpHAE B 38 HoAth R 3%, 5Bk 14
Ft, TLAGIECAR S B, T RGeS, 1% A2 2 P 3 LA
P R R,

T B2 PR A8 A R R 52 e B 1 Jo 2 IR Mk k11 31
IKFREE DA RS AR, T sg e Al 20 B R 2. R4S
PR A BRI, RS 8O 4 B R A I A
W 5y B = I SR 3R P (upper critical  solution
temperatures, UCST)FIH K% T A i (lower  criti-
cal solution temperatures, LCST). UCST#g 21k TIf
FURTE R AEA 4> B, TILCSTM S 2 M. aniksbdatith
K% £} 5 H Pab1(polyadenylate-binding protein 1)ff%
BRI TR AR, RIALBLCSTHER,
i A, DDX4P ., e R U B
UCSTHEJ.

pHZAZR AL AT LI Ik 2 7% 26 73 (1) 14 HA g >R 52 1) 43+
B4 18] 85 -2 F/RNAAH BEAEFH, AT RzmaAH
SE KA. e AR E &4, G3BP1(Ras
GTPase-activating protein-binding protein 1) A .07
B 1 5 & A 2R I IDR AT LA H Cuify 7y 1E AL &
RGI XA EAER, G3BPIT& MG SR, Bk
HAHDBRES. MAEpHMERMIFML T, BREARIIE T
g Ae TR TEIDR I FLfar, IR T S5RGE & IX 5
PIFe e F AR IR, TG3BPIAIL A 1) B IR
AT RIBRGE X, #E— DAt 7 & A-
2R /RN A HAE AR BREN #2030, shab, {&pHAT LA
755 Publ(PolyU-binding protein)ZH %& i Bt B4, 1R
PEIRIE ] BEEZERRM(RNA recognition motifs)4h #4)35;
B FLART AT, AT I i A B R A2 2F T Pub 1t
T AR L 2608

SRR S> 1 ATP A ] 8 3 SR ST B T RE.
Br T AEN“REE TR MY, MM SR EEMATP Y] R T
PRFFER AR TEME. ATPH] B &40 #|hnRNP(hetero-
geneous nuclear ribonucleoprotein). FUS(fused in sar-
coma). TAFI5(TATA-box binding protein associated
factor 15)JB R 43 85, ViR O A 4 1 SR A A1,
IXT] HE 2 T ATP R SE K P4 FEAIK 1 AH 43 55 8 A BB K
YEH.
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1.4 PTMiF#EM S &

PTM 2 EAZ AW T 2 A0 1) — P 4 5 (1%
PR EE T, RS EA S RAEPTM. L
SCH PR E], PTMZ A0 73 B i B 2 R 3, oAt
AR R AE R R EPE B . Bk LR A 1
W AH 0 2 B AL AR . PTMIR A 4% kA2 TIDRH.

R S e i F BRI L IPTM . —, AR
AR HER. HEERRESERIE L. BRsIA
T AR, PRGSO R 1 R A 43 A R R R ELAE
NI I [ B 7 ) 45 A 20 9. AR Ak X Tau K18 F
B R A K (R kA MY, TIFUS-NIH 2 2% B2 45
FJ3%(low complexity domain, LCD) X ) B £k 11 41111
TFUSHIA 2> B g /Y,

FHEL FBERRAAS N, KR F B X R e,
F &R F Ak R B A TR R R L B B PRMIT (pro-
tein arginine methyltransferase)Z< I i i1 fH ALK U BR (1)
IRUR T A i — A BTN F RS R A I LA
MR, BN TS -l BAEH . RS ZR A 5
WABH A 2 SO R HLfer, (H2 2 i PR AU B R
#mE A" B RGG/RGE E 75 IIRNALL & &
A AR I R R - 5 A I S R 1 LA IR 3l L AH 4
B TTRGG/RG X sk 2 R PP A A M A3 PR A AR
Sy BR3P, InDDXAIH S BT LAB PRMT 1444
T TS 8 AS 5 TR XU R 68 A o ) 2,

Br 7R A, HAE A H AT OB B, B
Tk 2. T 54 78 B 0 Ak 2.0 S B A B2 (L 1Y) 210k 22 5 M IR
BRI M- AL MIBE R JF AT WO R 2 Z L
L TN O BEEE F B TT A AL 2R N 2 —
AR (o F R A B R W s & 8. DDX3
(dead box RNA helicase 3)7EK 11874 2,k 1k 5845
B#{% T DDX3-IDRAHZ B i 11, X AT e i T 2k
A FZI T R 5 B B T Bl O A R B R 1 (1 A
HAEH.

ZERMEERTNEA, SH1NEER. 2
U H AR R B g AL 5 H W A ez
Rk I e- R . 52 AR MPTMAH,
L2 FACT SARMEFTERZ o T rE ™. e
MM R-RABKEARRRET, 2ZELEAS
JEA % 12 R RAD23B I N2 25 AH X 1) 45 FJ UBA (ubi-
quitin-associate)Z [ (1) 2 i A B.AE FH 3K 5l 1 AHAZ (1)

AR,

—EF AT H S A R R B PTMAR I, M
AR SRR i R BURL Y
G3BP 112 FF A0 RN 2 Wi R A4 P [R] 12 2 R SRR 1 20
5 AN ) Y,

B DL B R B IPTMA, K& R N A R AL,
SUMOM 4775 A4 130 T 2 2 B RE 7).

LS R Thng

HL A A 43 85 e 7 1 E 0] 40 S0 e 9 B G
T -VBURH 73 55 R TR b JER B AR L A Y VR SR A SR AR B
U R L B RE AR R PROERT h i 1 10 S R, S A 1Y)
A B s T B A i P B SR RN R VR SR Y R B
R, CATRY, -7 B8 AR T 3
pH@b%l [l['u] m[35,38,53]'

AH 73 8 1 AT B 27 b AR ) R 4y 1 IO AR
FAH. 2 Py 28 5 99 E 32 B4 4> B B0 18 (critical
concentration) N £ J5 & AH 73 1, BE 2 B H 57y 1k
TR, BN EATURE MRS, §
BRI 723 BOENTREON, T DLERIE TR
FHH AR T IR B, SEREAR G AR E PR,

FHGY B5IE T R AR R B2 K00 1, BOd S 516 T,
A SN, 40, miRISCE A 4)(miRNA-induced
silencing  complex)7EH 43 B I 38 58 1 25 IR i 1),
DA K E I A 73 B TR ) T RS2 AR A it 7 RIS 5
ﬁ?@“g]. [FIFE, EP‘lL‘TZl—‘Jﬂiﬁj\PCM(pericentriolar material)
M AH B AR R SR A DR SR OB 1 Az A AR
KB okl 2 RIEAR R I, A AR A T Bt
A2 £ 28 25 1R o 78,

HH 23 IE BRIV B A b 5k B A A A6 3 7T 5 5
IR i, 2 PSR ELATE Y, B %o PR A . ZEAS
FEAHRE AR, VRO R FEA AR I A 25
FERIA EAE R, 31X 3 00 A 2 [8) )25 T RF AT 2
filh, ARCEATTZ IAIRAH B S, M, 54 iEiRaAs 1
FEI A 5 IR A AR RS 7R T A
SR, AEXFEIL T, R AR E, AR
FEIAR L), B B BB B AE Lo 12 2 [8). A ek
18, WO ERAE 2 5O PR IR AR
A g ),

BEAbh, A 2> BIE AT LARE & K751 AR LR L 5 At
JRYD IR, B KSR, A B T R B
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PRI UE, e R FL 57 B e B3 e .

1.6 4 HA S B A RS+

mr T, SRR B R — T R, X
ITAH B AN . AR FHTEEE RN
P (20 Fh S BE TR LA S %% MBI B 4 Fh % B A R LA S,
SRR, FHAH BT T BMERE SR, AR X A
P EL A A 5 BT AR R oy T R AR A PR .
20124, Steven L. McKnightZ#% sz =R I, 44
F A &M (biotinylated isoxazole, b-isox)JF A IR/
m A BE N AR AN M LA U M RNAS G5 E
(RNA binding proteins, RBPs), iX%RBPs5 A1 TC
JEL4H ff 25 RNAJURL(RNA  granule) 204 = E A
BE— DRI R R, XERBPsZ H4F LA DR, b-isox /i)
Tl m ARG R T B AH 2 B RE T B B A R Tk AR
&, WimvT TR e e E X ek .

FERT T W LB A RE WIS, AT TR
H EA M EE AR Tz B KRR
20 Fb-isox 7 T % B M BB IR ARk
7, WAL T+ %) i AN TE 2 2R 1 4 o 2 b 48 5 31985
MEAMSEEINEA, @4 NProX(proteins en-
riched by b-isox). ProX%I|ZRFEHE T K# 4 H sitEy)
O RE T UR AR E I EE, dE— PR st s
E XSS H B A IR R B R R R AR B RE Y. AR
WA — P % 7 H A7 MR M R g R
DB E A, AEYAN A A K A B I D RE
W FLHRAL T TR,

bR T EE A, RNAWZANM A B HEES
5%, KRB NRNAK G ZMIIAEY RS+, It
4h, FLATIDRAHE (3 5 8 B A RNAH 57 (RNA
recognition motif, RRM), RNA-5X N [)RBPsifit %
WA BAR FH — R B AT A B, S A2 o
YA AR H S ARNA, BIFTE P “RNARTR”, A ILRNA
X 2R R R 43 B AR

2 MABESHMAERRE

R RIE R A A iE S A% DB IR, 23— R
A MARG RS ST F RS A . s e L COR I,
B2 25 B F AL 35 K1 B R Rk T
SRR, AR P A 1 2 B FAREAR 9 B B
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BRI IE TR, F W S R B gy (05
MMM SN T 5DNANY &, Ba)E
mRNARJ B3 AR L, LK /NRNA #5557
(E2).

DNAZEGeTAE A b, &L FA sz ME, 1
PR R AR, b s m EE N (e sk, BRI,
U TF F 20 2 A AR A H2B . 8IE I A 4 B A5 TR 4
AR IR A, B )T RE 1A% Ge ()5 1) 7 A, 1B
ANFEARHE S KF, B H2B. 84 S RS 1 G €8 5 JE 52
A B R R EE NS, BT AR E SR
KRB, WFE I K — YA E B 4
1 F 24k [ 5248 ADCP1 (agenet domain-containing pro-
tein 1) EA M BIRE ), I LAH3KOH EEAGAK- ) 77
XN T2 BB RAEMDE, BRI ERIE
Lo

xRN TR BiES 5 CER R HE.
VI EREKREEYERKE TREELNER, m
KR BZ R FARF(auxin  response factor)ff s %
DAL~ 1 15 A o B R DR (1) 0. WF 9T R, ARF7A
ARF192FEAIM BT b A A SR AR, DN s B 2 400 B i
1. ARFTHIARF19 R LI At 2 HPBAS A 5k R A
B 2 Ak, 42 RORES IR, ARF7/190)5E AL 2
RS, HENFIER D, R E s
b, AEBPY R I 2 AL s R 7 AT RAIR) e s b A AR
G ¥ Mediator K A4 B, NIMTHOEIE R RIL. i,
BEFC R I, R4 -FMEDS " RIMED19a"* "5 it 4 43
Z: 5 3RO 3 R FE . SEERER A, MEDS
KA LB FEEEHAC] (histone acetyltransferase
D) REREAE ARSI A A AH 43 B8 I AE 4 N 3538 37, MED8 %2R
PRI RO T H S RNA SR Al 1T T AT R 06 75 101,
LR IFFIMED 19ak 1 B A7 1 67 Hgif VR & A 1) C il
IDRX 3, % X400k T~ HoAH 73 88 J 5 808 R E BLAE 2
WM. EREMNE T FMED19ak A2 A48 73 B T il 5
A, TR A AR A I 28 2

mRNA PR B2 R0 3 AR vy 1 12 S (R R A I EE B0
% $UF§ T HRLP(hnRNP R-like protein) 438 A
5y B AE AR MR TR Rl SR AR, FH S BY DR 1, b A
FLC(flowering locus C)BIVIFN#:3%, FFPIHIFLCHIZR
35, (RN R K N B A A K 1T, A
FLE LRI, TR AL R S B B I FCA(flower-
ing control locus A)[FJ I8 i AH 73 25 75 4H M 1% o % Rt
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A mIRNABTE
%@4 DCL1
Y
~ J €D
S
CED- =N
DCLA //{‘FENABDI
E
B E0p-2 ta-siRNA

TMF

B2 MABEEEDEKEE. A R E5Y T Mediatorithid #7355 2 5 2R A 1%, B: A7) 52 5 mRNA R BT AI3 R
BN L C: 3 PEAUE I AL TME R 1 - 2R, T2 B0 1 (IR 731 A F) i, (23t TMFAG el SRR A 2 D T 4E D

SEAR T B UREN VI BN MK TE FAImMIRNA R4 E: SGS3AH B IR BNsiRNA/IMATE ), /- Fta-siRNAT*AE; Fr RIS A 1 8
FI#% /2 HiRubisco 55 EPY C Ll i AR 73 B TR B JE IR 25 44, RAFCO P st & R R, STT /21 AR 73 BOIRAS 12 AL SR Bl -4
A ik

Figure 2 Phase separation regulates plant growth and development. A: Phase separation of Mediator regulates transcription; B: phase separation is
involved in mRNA splicing and 3’ end processing; C: TMF forms inter- and intra-molecular disulfide bonds upon sensing ROS, triggering its phase
separation that regulates plant flowering; D: phase separation of SE drives the formation of dicing body and miRNA production; E: phase separation of
SGS3 leads to the formation of siRNA body, which mediates ta-siRNA production; F: the CO,-concentrating organelle pyrenoid in algae is formed via

the phase separation of EPYC1 and Rubisco subunits. Phase separation of STT1/2 drives the cargo sorting in chloroplast

RAR. IETIAL R AL, —Peoiled coil R HFLL2/2E
FCARIELNREFT L 7, TIFLL2AENS /£ /K N2 EFCA
KA E. BB SR, FCABERRRENS & 53"
HKIIN T T, (T E mRNARI3 A L7, Sk
FIEFE I A3, P-body ()41 73 DCP5(decapping 5)AE
S5FCAK[FYRE HSSF(sister of FCA)HAE, Wi i@id
-T2 B T A SR A SR [P FLCI R ik, TS
M FFAENS 7Y, AN, S5 FImRNA 3 AN T &
F1CPSF30-L(cleavage and polyadenylation specificity
factor 30) W L% & A AR 43 B9, 38 i I HIm A B I I FUE
TCAT ARG B 4% il poly (AL s R £, SR A (1) T4
I [ AT ABA MR, S 4h, LS SFEMB1579(em-
bryo defective 1579)% [ W38 i AH 43 55 1 45 J DAL i 5
Hlpre-mRNABT), MG F A 4: K,

br 725 AEEENES, BEYEA
SBAEKEEEEF = ERE SR A A E
Reil A S R i s B, AT EAE KK E.
e KB, i TMF (terminating flower) £ A HY 2
IR A R T 2R A H AR LA A, TR
oy T IR ANy 5 I —hi s, 5 TMFIDRIL [ 3K 5) 8
R A AH 53 BT B e SR AR, FEHE SR I I o A 3
RIAN(ANATHA), K815 2298 73 A2 4 2316 1 R0 I
WP AR st AT, WEE R R B, TMF[H 58
HAh# HTFAM(TMF family member)?EIDR [X 15 & 2E
KEAR R, FEHA B RESIANE], AT o 3R
AR DAL RIS 40 R 2 AN 2 2500

/NAEG B miRNA & — 28 5 221 5 R 3R 8 1 4% 7
. miRNAR{ 4 H Dicer V) B A A M miRNA, 5
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ARGONAUTE H 45 & NRNAFE FTE &)
(RNA-induced silencing complex, RISC), X} #EFrmRNA
HEAT D) s B WE R R, A miR-
NAM P24 2 2 EEZ I D-body & H HAZ 044> SE
(SERRATE) £ [ 30 i W -0 AH 43 B3 3R 3y 20 3 1 11,
miRNATED-body I T.56 ¥ f5, RIRRE A /M SR
FEDREY. BhAh, RNAMRAEHES R ARH6, RHSAI
RH 1234 7] 385 41 4 B 5 D-body % O A3 SEHAE, 1R
HESE&E F BIAH 7 3 LA IImiRNA IR, 1 542 4L
S RUMIRNA MR e 1 72 7, MM D-body (R4
RN AEGRITRNA, siRNA, t7E#3¢ J5 K 1% 5
PR 2635, BF 9T K ILSGS3(suppressor of gene silen-
cing 3)AENGIE T HPILDIX B Ak A7 5, FHA - FsiR-
NA/MAETE R, 1% FEXT T-siRN AR A R R TR 2
e E W EE ICfF (transposable  elements,
TEs) kR AT e 2= 5l B ar K32, W5t KM, TEs
RNAH 7] 58 A7 28 HSGS3AH 40 B T i /MA B4
fEE R T A EIERRAE KRB AN, MY
T EIAT — RYHRACUE SV 4ERF A AR S, Horh
H 1 (autophagy)ish #2444 50 1 40 B o8 B AR5 1
18 B BE B A AT e,  DURIE IR E 7-4)
FER, EAEKKRERED KEREEH. PRI,
] W3 4% 0 B F ATG8e(autophagy-related 8e)n LA i
AH 7> B AN 5, 110 ATG3(autophagy-related 3)iiH
348 R ATG8e AR 73 B e 7 R ALk 1 e 7Y,
HYpE G EE Oy B RAVE R, %I
WS FNE S T KRB CO,, 1E W TR FI 2 fif 4= BRAZ IR
SRR T EEEH. SERCOHAER ML — Y1
NEERBI TR, AH K P BIS S E H COL i 4 8 2Kk
ITik4nE, NG, I8k, BN R BUE R
B (Chlamydomonas  reinhardtii) 1 34T CO IR 48 1 2
H 4% (pyrenoid) S _F2RASR, RN A% H Ru-
biscoli##/EPYC1(essential pyrenoid component 1)ff
“GEE, ESEOZRACRE R, JFESI T
Rubiscolf (1) & FEMk e, 2k 7 HAHEHR EECO, Ml
FAHS, g mm e, B B AR EPYC LA
Rubiscoliff 5% N s S LT, B 7 A Hpyre-
noid IVBERPIRTE IR, LR BRI A P T 28R 0.
T, SR ARE N — R B A0 s, R R gmis (1)
S A B 1 AP S A B gk N B R SRR B AL — L
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RS AE - R I T rh JE I AR 20 B Re e P 5 5 D Ly
B, BEANRTRIEG, HAH > BRI R A0 5 T
B & &, KT RS KRR s,

EF PTG R, WU 3 IR i A s 2
T A 7 /M (protein storage vacuoles, PSV)[1Jid FE
TMT R E B REEL L AR TR I, AH Y B )
2 i A RRAE B X T PS VIR N TR S K 2B 38 B 211
YER. PSVE AW BRI, W 1 e 1h 2% 1 )
T SR 2, AR E A PSV

1 B B AN SO 47 20 A o S P AR A A
I 5 T LA P ) AR A TS AR B k. B
FAEY], YRR BAG AP, AH > B AT
E 24 i B (1) T/ 78 S BSORN 22 i . 77 3 8 o ke B 2R
M H 2 40 B 5K (10 B 0K 50 . Horh, SRIBAE )
B (1) R A, AR T UK S 40 B BE IR AH 23 55
EPSt A

3 HAS RS S HAY I E N

YR RAER A2 AR I, 75 T &5 Fh g
e, FlnEE . SRR . TR MR 5.
97 PR A E B AR AR A, A T
— RIIEAHEAHHLE. BTSOR R E], M E A S
X T EAL SR AR AR AU EUR, BRI AR K 23 1 R AH
53 5 1] 66 2 HE ) T Tl S e R i 97 7 S PR B AR A 1) B
SR, R AT FE BB A, A 2 B
FLAR Y B S A SR AR A (E13).

B 1 ORGSR R E R AL, it nT Dt
VA At S5 AN D RE 1) e 2 e A ) 2H 2 RN
A E R, ZI BRI A EE Bi(photomorpho-
genesis). FLIRF A BUL, BENSVE SN
AMEIITE RN SR R s, R L
il DA S AE FHALEE — B R A, Y68 = phy B(phyto-
chrome B)EY/MAZ LA EN, RIEMPFAK
B, phyB3Z£L6T5 3 R AEM-AE 4 5, ELIR S 23 52
phyBAH > B IRE ), iR E T BEH A KR DL E
I, phyBFTLERI G/ MR SRS, AT RZE TS i a8 2% 11
55T, MY phy B & AN AR KR AR
W EphyB24l, CRY2(cryptochrome 2)¢ 52 15t
BOERE NI, I A 5 B BCRY 26 /M, kT
MO A Yt B (writer) H A4, R HEmRNAKImM A F
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RIEPIFIE; C: NPRISE & mik B K RS A TS T HAH 785, (et S Bedii] DR 1 092 3R A0 B 41 Sl e iy 2 25 19 (2 i 4
1735 D: AL A YINUP62IE I AR 7 B AROKERACIRAH, SEFEA G B 1T A 7 (IMPK 3 )ik N AR R AZ, 037 240 Xt 2K 259
FHPITE; E: RNASS & R FIRBGD2MIRBG DA A 43 125 55 NURURL E 151 21 53 LA K AR RImRNASS &, $ i #A4 ;
ALBA4/5/6 3 5510 e 55 X7 HSFs R e s AR E N REBOURE, LABR sy e NIz e ik, MR e ik F: 862 IR IRAE
?»\CRYziEﬁ*HéJ\%TE%m AWSEALRE, B 9RmRNAF AL UL R AW B R R R 7 CCA TRR E M, TRt 2L Wit

Figure 3 Phase separation regulates stress response. A: The transcriptional repressor ELF3 undergoes phase separation through its PrLD at 27°C,
which sequesters itself thereby promotes the expression of flowering genes; B: under normal growth condition, the transcriptional corepressor SEU
regulates growth-related genes. Upon hyperosmotic stress, intracellular macromolecular crowding increases as a result of reduced cell volume. SEU
senses crowding via the conformational changes of two a helices and undergoes phase separation, thereby promotes the expression of stress-responsive
genes; C: high level of SA induces the phase separation of NPR1, which promotes cell survival through degrading negative immune regulators; D: the
nuclear pore component NUP62 forms hydrogel via phase separation, allowing selective nuclear transport to regulate plant defense against pathogen;
E: phase separation of RNA-binding proteins RBGD2/4 or ALBA4/5/6 protects the mRNA of heat shock factors from degradation, which promotes
heat tolerance; F: CRY2 condensates regulate circadian clock via recruiting m6A methyltransferase to strengthen mRNA methylation and to stabilize
CCAI mRNA

et I HHEPEDBRZOH D FImMRNARRRE R A7, PRI AL 2 R A ) A (AN AR A it
DRI R AR B8, T S B et T A e 1 . R WHIUREL, R R SRR A AR BRI 2
EYIIER AR AR EAEE RGN 22, AT ARSI AR I E 3 i 15 2 RRAA.
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LR IF i &2 & 1R (evening  complex)F HI4H 5 ELF3
(early flowering 3)# H i1 HPrLD[X $#(prion-like do-
main) /5 AR 73 B ORBOZ A B il B2 ARk 7E22°C Y,
ELF3 5 DNAZS & i LR R 1 8% 5% #E27°CI, ELF3
RAEAH G BT LR SRR, DI 2K 2541 ) B D R 2 SR 1)
W, AR N AR AR Y, 52 bR, KR
RES 1 SAEYIRF A 1 A FRIGIDA K A 4, 47
HIFLC, T AR R IS M ] DU X — i 72, g2
FLCH) SR M B 1k BLITAE,  FEA A5 LA R
AU 9 50 A 2 L P A ),

1 BT B 2 3 RO A 4 L PN A FRB 0 T R A
FEAM R, PUELLBAR N IR A ar i 3h, IR A
KKE. miB%&4 TN AR S 12840 = E A
BT IR TR A AR R . AR AR B,
A T #% 1R 5 2 (A SEUSS(SEU) RE % B 32 1538 i il i
RAFAT B, Y42 RS2 pE R, SEUEREN
Ui ID R o HG o8 5 A G P 50 2 T J 60 380 4 i 1N 31
AR ERIG N, X —2A 15 SEU 1Al EE B SE 1T,
S 2 T v, AT ik & HCAH 43 85 k2 SEUI R AL {4
XHEIEHE UK. (BRI, A B RE S ER 1)
SEUZE A G5 0] bseu RASARAE TR H A K KA FHIAE
KRB R, (HARE R AEIZIE P ia T FBURER AL,
Ut B SEUTE it 58 4o T 420 0 e A i 52 72 22 OC E 3L
(). i — TR, SEURE S A IE (e 1253 [fhia AH
S (K FIA T3 1 A g 2 DY, (B H AT
HLEE M ANE 2E.

IK I3 (RS A b W R I B %A, P75
BLRZ BB K oy Ak, AR SRS B BSOS B B
RIEHE. PR T FIFLOEL & Hd@ i ik T 7K & (hydra-
tion) FRIAH 73 B RAM M1 ZE K 73 AR AT T B KR, M
T S R0 R TG 2. W Fi it — BRI 1 52
FLOEUMH 7 BS N FEIR 3R, KINILIDR - DSHIQPSIX 2k
w5 HiE F AFEFLOEL AR £, A7#RI1) /2, FLOE]
R B BT AE | AR S M Rl AE AR e, FERZ M HLAH
STESIIRE ), IXREIFLOE1MIAH 73 55l Be# H AR IEFE:
LIRS [ % 1 SRR HR b A i 7,

S EOFEYI LCO N EMIAT S G AR, s 1)
COL IR 23 FE MR G A 1 F R PSR < AL T B g
L. BEFCR I, M) AAAE —RPP2C K IR IR M, FLRk
RIBIEAIDR, X LEIDR AR 7 P B =R FECO,
SHESTFIES, NN SPP2CKRAEM Y &, WkH
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BERREEIE 1L, HET R — 250 R i,

TEYIER T 75 Z RO & AR, IO 1
L, BEEPE R B, M B G
(10 BB At B B A L AR R T, AU T
GBPL3(guanylate-binding protein(GBP)-like GTPases 3)
EATEAEYIE 0 R W NIRRT, @it AH o B kA R
£, GG BRI CIER T E T IX, fHHRNAK
Er i 1L ANVRE € 1 % L0 B B R IR 7 LR R 36
U AR, A A R S R N R A
1228, GBPL3 SRR EL H 2 W Bysl b, 3
GBERE S RIS, IR R R AR 2 SR A e
71, {EBIE)ZT, HEMI1ER 2 — /MR asi, H
hEAEELCD, ZIX R LU HARE B A BAE
A, A AT PLA S HEMILUR A AH 43 B % Bt S 4, i
F4 TR R IR 1 IX 3 A e S BE DR () FE B B, A4S
YRS T £ K Rk B s s W TR R,
SGS3HIAH ) B it 1 77 vsiRNA(virus derived small inter-
fering RNAs)H)™ A4, (MY ERERAZ Gy, TR
AT LU SGS3 AR B RE 71, AT A 10 i
i A0 R Y, A, Ik %R (salicylic acid, SA)/ S &
GEARAF U, RPN AR ) E A 55
. BEFE KN, KWK 32 ANPR1(nonexpressor of
pathogenesis-related genes 1)7] LA SAfi & FH7E 41 i
iR A, THESE — RY NN H, P AEE
T I 5 R/ B oA Ao S G 2 A Y R AN AR R B R
P il R AR A TR R 32 R G A I R P v sE T, A
TR 33F i REAR L 72 132 0 R (s U™, iz 3
R B NAR 5, 20 S5 4 R i N, AT
A% AL S (1) 3752 5 R 148 38 e 8 4 0 ol e 4 B N
A%, (HHRFEAL S A . LR, AL
R LY A AR 41 0 NUP62(nucleoporin - 62)%5 2 [ g
B30 AH 73 B TE K BERCIR I AH, e B/ S 1Y)
B 9% B2 A OC 1R 2R L IEFMPK 3 (mitogen-activated
protein kinase 3)FE AL, MBS YN T K5
o B BT RBL. NUP62AH 73 85 5E 77 ik o 2> 4340
FE T X K B2 i (Botrytis  cinerea) 1% AW (Sclerotinia
sclerotiorum)~ YU FEH SR K (Spodoptera  exigua)Zs
Z A A I OBREAS, UL R S
RIEE A B T TP T 2 FAE A r)) i b
ptios)

BB e, Y 2 i — R AR R
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2T RS G A% A A A i 7 A S T
TER O IR AN 2%, BFFCR W, W-0RE 7 B2 IR 5 SG
TR 3 E UM SGHL S KBk £ S B YR
T2 P B E AN 52, 6B SGLERE A e g B ik
BT EERER. DR R, BSGH £
G FRIAR 3 B ARV T LB e B 2 OC L R S
RBGD2/4(RNA-binding glycine-rich group D 2/4) 51
FLEh Py b MR RN A &5 & 55 HhnRNPA 1 (heteroge-
neous nuclear ribonucleoprotein A1)[EJ&, hnRNPA1[1]
V0~ [ R A 5 UL 28 4 00 2% S e ) o A s AR 5t
B ST, RBGD2/4ELANLIT A A AR 73 BT I
BERAR,  IF 5 A B BLEOBURE . A 4 B BE 8 1R Bt
RBGD2/45 S S ) e SR A 45 5 BE ST, rbgd2/ 4R 5
AIRRBU ABURR R, BERBGD2/4 A7 B A2 1
Pk P EEZHLE" . ALBA(acetylation lowers
binding affinity) & [T DNA/RNASE &G 1k, | 247
FETHZAEY . FEITHIALBA4/5/6 HA HH 7 B )
RE I, FE R IE T BERS AR 2 IR S K - HSF's(Heat
stress transcription factors)mRNAE ZE3E N\ N ks
TR R R, B T RO APET ) TSN1/2(tu-
dor staphylococcal nuclease 1/2)7F N 5k 2H 3 i F2 o
EEELEEH, BITMIEFREY], HJE FTSN1/25E
i 18 1 H NG FIDR#H 52 SnRK 1a(SNF 1-related protein
kinase Lou)iE N SLEOBURE, 30 FOBEE 14, A TTT 520
TS S s, e s,

AP TR 25 16 R4 I A DN AT AT, 5 i 7 i
DRI ZH A e M. R IE I G 0 )5 =5 20 S DN A 2%
(DNA-damage response, DDR)ME{EIFDNAEE, 1H
Z I AR WA A AN R R DN ARG AL, Hoor
BLE AN 2. AR B 58 (Medicago truncatula) (1)
FF R, DNAXUEEWTZL(DNA double strand breaks,
DSBs) K4S, ZHE H H B EMISUVR2(suppres-
sor of variegation 3-9-related protein 2)%> Xz [w] 5 &
M5 IR ) 5= 5 B HBFMRADS 1 (RADS1  recombi-
nase) KA - WAR 4> 25, BH UG 2H 5 iU DNAE & /M
(DNA repair body), Jf#2mMtRADS1HIFE M, LA
TEDSBskE i T e bl 21,

4 HissRY
X AE 3 B IX AL ) AR DA R0 ASE 15 AT TRE 88 MO (14 £

FES AN A g s, RN MHR R AR 2
Mg, I 2 A F A fERE AL (stochastically)
KA, ARFFARRT A=A B R e, T2k T 5
Was. ORI AR S AR R ARG S IE R TR A I 2k
PERRTET A, ARSI AR o T8 i i 2H 4 T B
RFAH EL A FH 9 T BEATUREAE 17 {6 43 1% R 20 4y E — e A5 B
(RN [A] B T8 e s . AR R 5+ AN A LA
AT DA PR A R — S D55 B 53R K IE B4 (continuum), 1T
FHI I G Z I B A AL T BRI — g 1) A ELAE
H, BUNEATES Zefide ). FHse b, gl a1
SRAASS 1) — i B AH ELAE R T 20 B N R AR 2 S R R
W E B EAT N R T — AN R R, R
. A B R T T IR 55 2 0 A BLAE A 51k
(1, 248 B A4 B 1 SO TR 55 4H
VER Z BRI 2B B XL E . Zhang® NPT
JRAAZEFGAR, BT S B B 1R a Ry
5. VEE X B SE  ACBE(Chlamydomonas  reinhard-
tit)s /NILWiEE(Physcomitrella patens). 7KF&(Oryza sa-
tiva)s /N (Triticum aestivum)~ LK(Zea mays).
FEIT (Arabidopsis thaliana)~ 1¥(Brassica rapa ssp.
Pekinensis) 7 hti(Solanum lycopersicum)E N K18 M)
FREAT T 20 hr. 7R T AR SRAZ I 5 2 V)P el s
S8 ARG M R 28 rh 9B AR AR 23 B9 B VA AR R I R A
.

YRR, — e R R AR 5| i
F 0 PR S 8 A 4 B AR AR, IR R AR — 2 B A 2R
Ak, XA SRR EEEEM. w5l
5T A B A R A K 2 AT RE O H AR 1%
FRIEIK. 5O B [E 2 458 1 4546 1800 L, IDRAE [F]
VAR 11 RSP PEAR AR, k5 IDRAENS K2 5 2 1)
AR, AT Re e R s R, AT LA
LR FUAH 73 BSAE B AR T (1) 22 e SR Z [R] )
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The role of phase separation in plant biology

WANG YunYing, LI ChangXuan, LI YaoXi & FANG XiaoFeng
School of Life Sciences, Tsinghua University, Beijing 100084, China

Over the past decade, the study of phase separation in biology has opened up a new perspective for research. Phase separation is
currently one of the most cutting-edge research fields in biology. Plants face dramatic changes in external environmental conditions,
such as light, temperature, moisture, and mechanical stimuli during their growth and development. In order to survive and thrive in
these conditions, plant cells must be able to quickly regulate gene expression in response to their changing surroundings. Recent
research has revealed that the biomolecules within plant cells can form membraneless organelles through phase separation. These
organelles play critical roles in compartmentalizing cellular activities, as a result regulate growth, development, and stress response in
plants. This review describes the principles and functions of biomacromolecule phase separation, summarizes recent progress of
phase separation in plant biology, and discusses the future directions for this fascinating area of study.
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