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Research Progress in Light Signal and Circadian Rhythm Regulating
the Perception of Plants to Cold Stress

LI Wen-cui  PENG Yu-jia LIU Yong-bo

( State Environment Protection Key Laboratory of Regional Ecological Process and Functional Assessment, Chinese Research Academy of

Environmental Sciences, Beijing 100012 )

Abstract:  Temperature and light are important environmental factors in regulating plant growth and development, and plants perceive
temperature changes and respond to cold stress by altering gene expression patterns and other responses. The responses are affected by light
signal and circadian rhythms. However, the molecular regulatory networks involved in plant response to cold stress are not well understood. This
review focuses the roles of light signal and circadian rhythms in the perception of plants to cold stress. Light signal is involved in cold stress
mainly through photopigment-induced CBF gene pathways to activate the expressions of cold genes. It includes two main pathways: one is that
photosensitive pigments directly regulate cold tolerance by modulating CBF and COR gene expression; the other is the activation of COR ( COLD
REGUILATED ) genes by HY5, a positive regulator factor. Circadian rhythms are involved in cold stress mainly through their components, CCA1/
LHY and RVE4/RVES, regulating the expression of DREB1 downstream gene. Clarifying the roles of light signal and circadian rhythms in cold
perception and conduction pathways not only contributes to a better understanding of the mechanisms of cold resistance in plants, but also helps
in the trade-offs between plant growth and stress responses. It provides a theoretical basis for enhancing the response sensitivities of plants to
diurnal and nocturnal temperature variations.
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Vo R R Ve WA RS — 20, TERENS
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IEdE— T CBF ik 1 SRR R S Ak
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iy 2728 ST EEL S/ CCAL (circadian
clock-associated 1) Fl LHY (late elongated hypocotyl )
Y5 CBF LN sh T4 A BT 70, i
P8 CBF B UARGTR IA . A B g1 AL G L
[R5 5 T U IR, HEAIROR CBF SRk,
{3 B I 4815 A 2 53 AT 387 A ) F i 2 TR R R AR
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SRR A AT st e 8 X I R P AR Ak
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MY 32 2l D0 FOR IO 5 12 L.
VOIATR DGR ER DA o L e RS 3 AR A%
5t = M 5 AEH I F (phytochrome interacting
factors, PIFs) — il Al T4 FH 2 56 A5 5 gm0,
KRR A AR E PIF (Y PR IR AL ANFRAR, AT
JE BRI A G R T, PIFs MRS
W IEZ A, S 5EYERKE ARG S
AT, I AR ERBE A A 35 R AR R
G RESE I Y NSO Y CBF R, —J& G a 3R
i} CBF SRS A E SRR A 1
AR R TG Z-box -S4 YL R AR
OIS T 2N REME HYS (elongated hypocotyl 5)
(1925 9 HYS OGRS 3 1 TE TN 7
B COP1 ( constitutive photomorphogenic 1 ) 5 M
G
L1 RRAZBEAR AR AT T TR I A

HIREZ f S 5V AR S A L, H TR
WA CIERZ B ACHE R (phys ), BRIEAR (eryp-
tochromes, CRYs). [)G% ( phototropins, PHOTSs ).
ZTL ( zeitlupe ), DA Az UVR8 ( UV resistance locus 8 )
E E 2

A& T 5 FtH@ =R (phys), HH phyB
RPN EEOUZ S, HEATURE &S
PR A kA i A AR AR AR, T L phyB AT RS
ARG, DU EEHOR Y 7 2 S G A A
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Table 1 Factors of light signal and circadian rhythm involved in plant cold perception

JEH 1 EA PR WrFh S5 3k
Genes/Proteins Regulation mechanisms Species Reference
G52 A (phyA ) Phytochrome A TELEEE phyA 5 ABA (55155, ik JA (55165, $UMJT Arabidopsis [46]
% CBF @12 thaliana [47]
FEhhi S. lycopersicum
JtH % B (phyB) Phytochrome B phyB 5 PIF4 1 PIF7 HIEAEH], 0¥ CBF 2a5F4 % #IHEIT A. thaliana [36]
(44 FHhn S. lycopersicum [35]
IKAE Oryza sativa [48]
HHEZE D ( phyD ) Phytochrome D 4% CBF JE#2 19215, phyD PRGNy eyii| WFEIT A. thaliana [25]
[iJ6%E (PHOTs ) Phototropins Wb, TRl ERUR R AR, WS C- Kuni R [49]
2 Ae e, R A AR 11 Marchantia polymorpha
F-box 2 Zeitlupe (ZTL) Zeitlupe ZTL & T LOV 250z &, SHASEAHMEE R HSP $URIST A. thaliana [27]
90 HH A/ M IE 45 CBF ik
FfEZ 1 (CRY1) Cryptochrome 1 WG CRY 1 Xl i o % T RS (P EA 5 270 g o i HUREIT A. thaliana [50]
FERT, It il PIF4 (% i
FEAEE 2 (CRY1) Cryptochrome 2 CRY2-COP1 MIFAE S COP1 5 HYS BAREAER], M HIEFIF A. thaliana [51
THGSR HYS eV A T it e v IKFE 0. sativa [52
UVRS @2 4% (UVRS) UVRS SR L AR PIF4 SRak7KF- RN PIF4 2 1110%E  IRIIT A. thaliana 53
UV resistance locus 8 SRS IR R4
JEHEFAEAE KT 3 (PIF3) ikl CBEF ik bt HIFEIT A. thaliana [54]
Phytochrome interacting factor 3
JCH A EAE KT 4 (PIF4) K HBCR, PIF4A 1 PIF7 Y5 CBF SEHJS 8 Fa5GMmIH BIREIT AL thaliana [55
Phytochrome interacting factor 4 xik FENh S. lycopersicum [56]
SR FAMEAEHIE 7 (PIF7) K HECR, PIF4A 1 PIF7 15 CBF BES 3 F25GMHIH BIRIIT AL thaliana 57
Phytochrome interacting factor 7 ik
BERTHAZOER (CCAL) CCA1 Y CBF JashF45 4, @it se etk oipliiiigsad BRI A, thaliana [29]
Circadian clock-associated 1 &I [58]
RO (LHY) IEJYE CBFs MR COR S MFR TP TE BRI A. thaliana [31]
Late elongated hypocotyl TR} Fragaria  ananassa [59]
M Camellia sinensis [30]
PhR AR E A 5/7/9 (PRRS/7/9) CBF @Az s A 1 BIFGIF A. thaliana [60]
Pseudo response regulator 5/7/9
BRCHIRTF (Toct) 5 CBF2 ¥ KRB Y phyB — ke & #VEH] BIFGIF A. thaliana [61]
Timing of cab expression
TR 5 (HYS) HYS i3 Z-box/LTRE IE [f] 475 22 Feik HIFEIT A. thaliana [62]
Elongated hypocotyl 5 Fhli S. Lycopersicum [63]
W Brassica napus [43]
DI EE T (G1) Gigantea i CBF ARt i AR VR 1 IFGIF A. thaliana [64]
HEPEIRLOIEN (LUX ) Lux arrhythmo LUX ¥ CBF1IEAE, ik FiA, EmiaE stk HIFEIT A. thaliana [65]
44> RVE4/RVES RVE4/RVES A A1 5044 7 B A0 A% Hh v 18U IR IT A. thaliana [66 ]
ML, JFAE DREB 1 23504 B S0
P4 4y TNK1/2 LNK1/2 2 ie® 1, 5 RVE4 M RVES MIEAE  HIFIF A. thaliana [67]

PIPIRIOE EAR SR IARAEAE, il ad M PE Py (far-red
light-absorbing form ) RS EFE W M Py (red light-
absorbing form ) PR 25 2 5 16 B P A PR

6 i i FE H 4[] £ 52 1 phyB 81T phyB F
T o HEAT AR 23 B 228 R, AN RS S o e 4%
P25 5 B phyB W T B SR B9 OO AR 8
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ALARAERS phyB {5516 IR SHEA TH . phyB 4351
1 3 AR AR A A A A o3 8 3 S O AR A
= =1 [70-71] o W (Arabldopsw thaliana ) FZ&H ( Sol-
anum lycopersicum ) " IICIHUE K Z R @ I8 CBF

F1 COR J [H] 3 3 11 8 45 it FE 44 12 phyC Fl phyD
LI R 5 7 0 DR 0 SR 104 £
phyA 25 TRIMIBOA a0 7, {3 phyA 167
Jilrits sz o A A ELAARAE FH i AN e Tl A

% ,qﬂ%ﬂ Cold stress

Blue light Red light J
COldi f * - < -PIF4 . 77ﬁ
CRY2 CRYZ Rar red light
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iz CCAI/LHY—| - dqochH LT
phyB/D
® L COR27/COR2§’ PIF4/7
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Fig.1 Regulation networks of light signal and circadian rhythm in plant response to cold

BEAh et 2 BTSRRI 7S R (abscisic
acid, ABA ) FIZE#]MR (jaqmonic acid, JA) MYAHE
Ve SRR R TR A1 4 e B A S0 ZIM
ML JAZ AR RE S JA ThEEA G, M
JAZ1/4 2 JA 551 S BHE Y, @it 5 1ICE1/2 4
A FH A L ke 7 5 CBF %6k . Wang
22 147 B phyA 1 phyB BO DD RE S AEHIMER, S
TN KN o TELL IS phyA 1753 ABA S 515 %,
ABA (5 S S LU & JAE 515 %, SEFmT
CBF &M% 77,

] Y62 PHOTSs 1 7] 78 4 i B IR 4, 8
FYIR BRI B sh 0 OEEAE NI IRES, TE

WG R B A BRIk, BATE C- A U R 4 A 3,
R R A R A e 7”0 e H4% ( Marchantia
polymorpha ) W, il it MpPHOT 1) % €2 A1 J8& i B
e ds Gt g A E AL UL RO SR 0L B
B Z CRYs &—FPiE sz 4%, 4 CRY1 F1 CRY2
Piff. CRYs US5GBS 5 iR ™,
CRY1 78 W5 6T 400 il 38 2 o 7 A9 R A, [l s
WM PIFA (9 53 75 T CRY2 J2 W 6 Mtk v%

YAk By 75 B 2 BB 4, FEAIRIR T CRY2 &R 1
i 268 I EABEAN S AT 0. CRY2 7RI
B ARz =4, E3 (Z%%Li%ﬂi@)ﬁé% LRB 5
CRY2 HAE, b5y =z 240 Fn 8 11 i i feoe
S 13 FREEUR R T

ZTL %)@ T LOV 5 My O Ik 3z 2, FEF 1l
AR ZE A3 AR MR RO SR I b B AR
F L ZTL 5 3R 58 A A 2 11 HSPOO AH B4R H K
EE¥E CBF ik 'Y, UVR8 fEI&A UV-B J&RIE N
TR RIRTE A AEAE, W UV-B Ja A R 25
SRk, BRI UVRS 5 COP1 AH B4 A IS 2 UV-B
58S ™ FERMREET, UVRS BRIIARXT K
S Y, R UVRS 38 i B MK PIF4 3 3% /K SF- I
R PIF4 25 1Y 55 3% 35 PRSI T IR A A 1
UVRS & AT D 422 45 & 7 st DX e 30 11 ik = 79 IR
( brassinosteroid, BR ) &% [84], LRl K&
FRRIH A

HARTT AN Y R X S IR A7 SRR S HE S
SR BANM NS, R R R ElRES

5 T YIRS A A PR R
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(1) ifid CBF B EIE R 15 IR Rk e R
MEAEREF PIFs 42 5 (2) St IR s o
Z-box - F 2 YIHLH COP1-HYS i&42 .

1.2 PIFsZ A4z Az 5 iB 309 P S AR 20

S o E AR A F R T PIFs & — Rk i i -
- 12 i€ (basic helix-loop-helix, bHLH ) W 5
T, REPIRAIREE S SRR F 55 EZE
A, g A P R A R R K
S E B R T W s (1),

PIFs /E R IR IR 530 B i AR AL, AR
FPHLH 2 SIS . 5 —FPZE oL #$ CBFs 7]
S 5WP% . PIFs TEARR IR B T 6| CBF &
235, A7 B FAE ikt fead JBE A8 i v AR 4R
2210 PIF3. PIF4 #1 PIF7 i it 425 CBF i shF
ZE4 R CBF LK phyB 7E41G /3K
2196 F VR4 PIF4 35 1, phyB fEIL 2156 LA IS BR
() PrJEAFTE, TELIG T Ak HoA A s v i
P JEATT Y PIF4 M EAER, ATJE 2l PIF4 BEERAL |
ZFEA T el % phyB 5 PIF4 HI PIF7 A A
M, FEK H B E R 0 T phyB 5 CBFI I
CBF2 J5 8 ¥ G-box LUK CBF3 J& 8§ T () E-box
gh 4y, T CBF kTN, PIFA ZOR i &
phys 1 DELLA & (145, HiE454 3 Fh CBF 1A
B, 1EKH AR AT IMRILRSE Y, PIFS t
AJ LU CBF BO%% 3% 0, CBF 76 HE A B 1 g
REA (5 S REAR , I FRiF PIF3 2 IR i AL
F5 bk, PIF3 HEEWH CBF HHRIL, XH
BYF B 1E CBF (3 R BT A A K L
SEZE R, CBF-PIF3 A AR A IS s i 5 T
PIFs XPHEAI v T s fE R, Rkt fe T CBF
PR BRARMIRRL

55 ZFIE PIFs 80 BT COR K&K % 5k
e ALY T A ME 10 phyB A PEAR IR A T
PIF1. PIF4 Fl PIF5 2 (100 %A%, T5 S COR 3k
DRl 3 3k I3 s ML RO v v 0 SR PIFs T LA
TR TR, ERTRER 2ORIE . B
KI COR mRNA FEGIR AT A PR, (HEA
PREPUATE, RIHXLEAEFH mRNA T EEE S
55 0,

PIFs 15 6T 5 A B ER T X, 2R
ST, FEVR R SR Z A A
ESREEET 2R 70 ]o 1% B BIN2 ( brassinosteroid-
insensitive 2 ) J& i 3¢ K N i {5 518 1 o 5 2 7
Ja 2 [ -, BIN2 N i 9 %% 5% Al BZR1. BESI Al
CESTA 5 CBF i3 F454, JFIEIRE CBF K
FEFPUAPE 1 BZRI-PIF4 I H AR ¥ 4% 0
WSR2, e S [ I R AR (5 e [m] R 45
P Y BICT 5 PIFA AHEAE A, 0% T i
ek, Ham a5 HL RS A S s A5 Aok e ik
THRANPK ) 555 2% (gibberellic acid, GA) il
i PIF4 A X CBF BEA7I4 1, FHEHES CBF 1
JHETEEA, TERK H A K &Rk ik 0
EIN3 B2 5 OIG{5 5 1 0 CH Sk N+, & CBF
FER VR 20 R4 7 7, WD F-box 25
1, EIN3-BINDING F-Box1/2 (EBF1/2), i #f 265
AR A2 3 EIN3 A1 PIF3 AOREMRE, M 1EE
JME R GE CBF ik Y,

1.3 COPI1-HY5#E 3 £ 24 pipit vy o o 69 VF 7

FETE 2 B A P A HRLJE Y R F- HYS T COP
2 YD ARIR S S R T B (K
1) AHPIX A5 B N5 5 HYS 3Rk,
E3 2 Z i COP1 A9 T4 #EA2 HE HYS Mk '™,
HY5 &2 5605 515 38 bZIP ¥ 51 7, 7658 3
KA BN 78 26T 48 kLR Y S p E PP [ 7, sl o
CBF JEHCH PR 142 1E P8 45 COR 3[R () 3R 358 AN i ¥4
P i, HYS AT LA S RUE ST R 20 10% COR
SR pFIL L HYS BEHEEGE —41 COR JEN R
ik, BlnntaE xR ab 455 CABI ( chlorophyll a/b
binding protein 1), XEEFEPH G 3 F4 7 Z-box 4
A5 T2 BEGE RI COR27/28 SEH J& 4% COP1-
HYS Rk, S 550EmER M A, Bk
5 HY5 Ash FHEAEN, Jf s H AL COR JEH
(DL

iR ZE 00 COP1-HYS #ith 2 5 T HiY Y
SRR (5 SR ™ 0" By IEJEAE R YL,
It B HYS W5 sk KEAE G RN R IS il o ABA A1
CBF ARt a i R A S 2. HYS B AEH
TARIRE SR E B AR, B IR T 64
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[ RERUR 2L B ALIYBAE (13 CRY1 I CRY2
B COPLAHEAE, CRY2-COP1 AHEAFE 55
COPI-HYS FYM LA, MMisE 3R HYS fE& il T
AEREYE, HILEMRE TR T HYS ', &
UVRS HL{A 5 COPAHE MM, MBS L HYS [
fie O HIE, AN, CRYs HIUVRS i id 4
i COP1 I M A2 HE HYS fasE 2635 1™ HYS B
$%5 BBX7 (b-box domainprotein 7) 1 BBXS Jii 8l ¥
H ACE (55 ACGT JTfF) FFAIES 5, b sk 1,
441 CBF AEMHIME COR SEH 335 . HYS
Wil 1L 5 Z-box GG AT COR FER ML 7, I
4, COP1 1 DETI1 ( de-etiolated 1) YE N phyB iz
R T A RS BRI T g, 7RIS H BRAE H ISR
B HYS BRI PIF4 o5 ' HYS HI PIF1/3
BEHEANEAEN, I A6 BRI 55T b 8 5 75
R A R IR A ek 0 X eI 5 2 WG A
el o Z BAFTERR R, IRIRAE 5 DG (E 5 R A
PR PR BT A R O
2 RESBATHERLEAT

e PRV AR R A AR U R -,
UESETEAR ) AR A R T A0 5 3 i 7 25 442 9 L
YER . MY S BT 5 SN AR EEBOE I, X EEA 9
3B AT 52 R . B R R YO R SR
TE LR N TR 37 T 20 A= W R A BTG 2o e ) I
() IR R 38— K v AR S I TR], DT 398 55 A ) B 05 3
Wik RS AR (5 B R R iR
(ORE S A A 2 e Y R WA s
TR A A Al A BN A R S B AN 2 A8k
IEJ}/E [108]O

AT S T E e N VIR O, 5 v A
VI OCHY CBFs HER 0K S I O R AL, XA
T AR AL O AURER P, b B Rl Y
o L R 4L 45 CCAI. LHY . PRRs ( pseudo response
regulators ). REVEILLE ( REV4/6/8) F1 LNKI/LNK2
(night light-inducible and clock-regu-lated ) ST g
%3k ) e B 3 I 4 35 LUX (lux arrhythmo ). ELFs
(early flowering ) ZTL ( zeitlupe ) Fl GI ( gigantea ) Lo
(£ 1), CCA1 f1 LHY H¥45 4 CBF a8+, 1E
P4 CBFs IR COR JEIA R B MY 4014

PRl N, EIREST ccal Thy SRR CBF
HV 5 R BT L H CCAL/LHY SIREEAT
FE4+ Y, {5 4N Kidokoro 25 17 & ¥ CCAL/LHY 1E T
JOE ¥4 JH 268 B A S DR R i, I HLAE R 38 25
T DREBI/CBF {3535 1, CCAI 3£ R A Bi
ISR CCALa F CCALB, CCAIB 7= H: AR
P, KRR TSR YL R ; ccalp @i
WAE T REME CCATa-CCAIB 1 LHY-CCAIB S — 5
1, SEREIRISHEENE CCATa FI LHY %% 5K 11T
PSRN T CCALB W, R CCAIR
CCATa JEPERIINH 1, CCAla s SEFAE Y 0 H 3
Pod bk, CCALB FEIENMIPIXTFES R 8, ks pgf
TR CCAI TEFRE TS 5%, JEH ccAl 1k
e T AIRIR Z A R, A B TR S A
(PLA e, AT BT R EZA 5> PRRS/7/9 1
P2 CBF ) 323%K, PRR5/7/9 K7 4S8 CBF ik L
81 PRR5/7/9 AT LI CCAI/LHY HaFeik "2,
CBF JE P 35 W B 15 A PR 3 vl BE A B T 38
oA R TR B 8o TRIES, AR AN ()
TR RE D A DAY B 2 R i R, CCAT R LHY T
T R R 5 2 S 5 — SR AR T | PRR. LUX . ELF3
Ml ELF4 (/) %% 5% 53 B2, LUX-ELF3-ELF4 [ 33 3k )
%1 CCAI/LHY F PRRY/PRR7 Wy & 35 """ RVE4/
RVEG/RVES ik AT LUAE i sl I 5 LNK1/LNK2
LT N SRR AR, B — e P IR R Rk, )
U1 TOCI, PRR L[] A AL o710 i H
RVE4/RVES Z: 5315 5151% , RVE4/LCLI (reveille4/
lhy-ccal-like 1) 1 RVES/LCLS & FLEX A 410 F
AT L5 ERGH 2 B A A%, S Ve B ) 2
W5 F DREBI/CBF % R Figeik (17,

IEAh, SRR EAR S A Y Bl 4 i s
ZRAE S EF R, B — A EE AW A5
LUX B, EH)E 87 XIS CRT/DRE A
JufF EE ( evening element ), HZH5RERE, LA
B CBFLAYE . >k, COR27 Fl COR28 255%
R RC L4y, Wil PRR LR R " CBFI
1 FE NS EL LUX bR oAb b JE R A 5
W PRRY. CCAI. LHY ®1 TOCI %5 %) xEK W AW
B2 55815 5 B 8 3 AR AL G — XA R 5 1 Bt
[, R CBF AN HAtAR SC R R 1Y 28 5 2 B 1
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. BB E A G MR WNEE T IR CBRF
FERAE R AR IE PR E 5 i, BRIFR
AR gi-3 WoNBRAOTRFENE 1, XeLERLR], B
TR Y B S 5 R N R A S i TR R — A
AR TRPEN G, R R A S ORE S AR
UM
3 RESEERTESSRMENmA

DB HE A A AP B L R AR Ak,
WORME S . B AR 2[R 2 5 R 45 R 4 )
A WriE (1), COR27 F1 COR28 Z e FIiRk EAR 5
DAR SRR R, EARR AR, R
S RN R T A R AL R Y, cOR27 I
COR28 S V& i [H, R P iyt s ]+ -1,
1M H COR27 F1 COR 28 1) % 5 32 B WG A £ 564
#l11 COR27 F1 COR28 5 HYS MIEAER, ¥
St FE R IR, IFEIES PIF4 B 745G, E
PEHAEE T B9k 2™, COR27 Al COR28 W LI
15 phyB MIHAEH, 7E phyB 4+ S OGS HE R
FEM IR T

COR27 Fl COR28 it 5 a1y A 0%, ol
PR ITH cor27 cor28 5878 T BUS B4 H 19 A JRT I
FER:, Vi R KL COR27 1 COR28 2 535 A=W
B IR RS R T R R ek
COR27 H1 COR28 W) &3k F 2& 11 o A AN 3% )8 7% 1Y
AH Y, COR27 F COR28 1) 3% 35 H 4% 5% CCAI I
i S22 S 5 1 COR27/28 3 5t 5 CCAT
PRRS (¥ £ 2 67 4 ¥ CBF 19 32 35 "2 COR27
M COR28 5 J& K 79t B+ TOCI (timing of cab
expression 1) Fll PRRS (YL IX 345G, Mkl eq]
(5 3, TS A e g R0 00 s, ik
SEFIRI) TOCT F1 PRRS RIHSHT PIF (9335, M
HF IR R P AT L, COR27/COR28 %
JERE . BT HRREE T, EATRLE A TR
SBfE S I N, XPREAAE N e R H A
SRR L,

RS CCAT A LHY OGRS, 33l
A PRR7 F1 PRRY () 33K, T PRR7 1 PRRY fig fit
4% CCAI R LHY 1) 32 35 '™, CCAl F1 LHY #5 15
TOCI R T —A X EE 4, e ToC 1Y

Fak UL GBI TR A (N ceal
TOCI. LHY Fl PRR7 ) [ FXTER Wi T &k A &
A N S I B0 2 phyB AT phyD BRIZT G /0
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