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o S AR ) I 7R A A ) AR B AR K ) R A AR T
TR E IR RAED MR B B R O
F(Teotia and Tang, 2015). 7+ H & (LD)H Y7
J¥ (Arabidopsis thaliana)™ S #H 22 /0 F 6 Fh FF4E 1
g% J6 A W& 1% (photoperiod pathway). #F{bi&
1% (vernalization pathway). I/ %1% (thermorespon-
sive pathway). 7~% & i&12(gibberellin pathway).
HF#% i& 12 (age pathway) fl H = i& 4% (autonomous
pathway) (Bliimel et al., 2015). 7EiXeigzd, HY)
ISR G BN IS 5, A — RVIEE
FERME ST, 115 5L%5CO (CONSTANS) HL
B RN, BEMEE e RN FT (FLOWER-
ING LOCUS T)H)i% I i &5 4E(Andrés and
Coupland, 2012). COJ& T B-box4¥ 15 & FH 5 % (BBX)
B, FENSG A B-box B1IB24E #dk, Cuifrl 454
CCT (CO. CO-like X TOC1)45 i, COTEM Fr¥l )%
AL S F T ¥ S FITSF (TWIN SISTERS OF
FT 5514 (Samach et al., 2000; Yamaguchi et
al., 2005). FT/21/1RAF (Rapidly Accelerated Fi-
brosarcoma)AH ¢ i B i B 1, JE ) B IS
BIZERp ML, 5oy HERE R bZIPH 5 H
¥ FD (FLOWERING LOCUS D)f1FD PARALO-

ek H . 2018-06-25; #:52 H #: 2018-09-17
HATH: H5E SRR 4 (No.31471907, No.31530064)
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GUEM BAEH, BOS e & 75 F SOCT (SUP-
PRESSOR OF OVEREXPRESSION OF CON-
STANS 1). 18- EHGUFIEREKILFY (LEAFY)RIE
RERMEIEAPT (APETALA N ZE, IF5IE T
e 32 R ) R Bk e ., 3 T 4% 46 K B i #% (Corbesier
etal., 2007), A3 H i /- AR AE YR T 62 4k
(1 285 R R AE RO F A6 1 35 S5 A S Th R IO e gk g, skt
JtHi o & (phytochromes, PHYA-PHYE). Faft i &
(cryptochromes, CRY1/CRY2) #1 ZTL (zeitlupe)/
FKF1 (Flavin binding, Kelch repeat, F-box protein
1)/LKP2 (Lov Kelch Protein 2)%iE it ' & H1i& % 5k
G B AR R R Y IR 2 T LR AT T
grik. FRF, F8 U2 AL AE
TEMII R, FEX AR B0 507 AT T R .

1 TR, SHFIES SRR

1.1 AFERFE

438 it 325 %2 14 (photoreceptor) K AN 40 . ¥
JEFIE AN EUV-BH AT (557 5, BFES/Nk/iE
41563244kt % (Chen and Chory, 2011); 716
ZAk, Hh24Baie iz (Chaves et al.,, 2011). 34
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LOV/F-box/Kelch &5 # % & 1 B ZTLs X j& i 7
FKF1. ZTL X LKP2 (Suetsugu and Wada, 2013), 2
AN & (phototropins, PHOT1-2) (Christie, 2007)
F114-UV-B %2 14 UVR8 (UVB-resistance locus 8)
(Rizzini et al., 2011).

1.2 AZFHEHHE

HERE T ENA A NEZE, SHEDE S
AREIKEEGERED . R R B2 ik
WA, BAPAR G H 2S5 I8, A N (1) 6 &
Z e M S AR ], St R
PEAHOG, MCH KGR W MR EES 5t R =
RARKITE B S 5 8 5 13 72 (Matsushita et al.,
2003; Rockwell et al., 2006). 8 tf 2 N T RE 35 S
D NANTETIREE: P1. P2/PAS. P3/GAFFIP4/PHY;
C uiii Th & 3k 7] 70 A PAS (£ 5 PAS-AF1 PAS-B) #ll
HKRD (histidine kinase-related domain)i ™V T g§
1 (Bae and Choi, 2008) (K1), Yl filok it s
A AEH A A YIE TR 2056 R R Pfr (phyto-
chrome FR-absorbing isomer)1 76 i 4 1 20 56 i i
AIPr (phytochrome R-absorbing form)z I8 A H %
o —RAN, SR A H S m BRI GAFIX
Wi, VAP AEAE T4 . Bl iilBs,
A= 0 AT 1R 28 1 DY ek s 3 R AR T e il Ak, Prig Al oy
Pfr, JF M 4t i 53 %% # 2 28 Mo % o, B 4% 5 PIFs
(Phytochrome Interacting Factors)al ' {5 54 &
Moy BAE, #HAT6AE 5 W JBOK M A% i3 (Leivar and
Monte, 2014). fEZZLI6F, Pir X AP A

kb 32 — MOt B8 (photolyase) ) 1 't 52
&, TESNFEY) 54 17 1E(Cashmore, 2003), {HIEY)
WS AE R A B LR A1 177 DNAR B 1) Dy g
(Chaves et al., 2011). CRYs.H 452/ 5 {1 45 i 1,
N AR &5 & 4 A 1 3 Z FAD (Flavin Adenine
Dinucleotide) 1 - i MTHF (methenyltetrahydro-
folate) #1 )% 24 it g #H < PHR (photolyase-homolo-
gous region)4i s, Cl A RA R FEEEN:, H
XTEE BEAEME 5% S5 =EEMCCE (Crypto-
chrome C-terminal Extension)4 43 (Cashmore et
al., 1999; Yang et al., 2000) (&1).

] )t 2 (phototropins) & Y6 1G4k 1) 22 Z R/ 75 Z R
HEWA. HAT, £ TP OURI2M DR R, B

PHOT1 f1PHOT2 (Briggs and Christie, 2002).
PHOT1 f1PHOT2:# i 2> N (JLOV  (Light, Oxy-
gen, Voltage)Z: 1 (LOVAFILOV2)4: &4 a3 &
FRTFFRFMN (Flavin Mononucleotide)sk & %15
5, HHENLOVA M M T4 a5 HEEAK
A= HAE(Christie, 2007) (&1). LOV&S M3k ok H
PASKZEH— AWK iK(Ito et al., 2012a), Z%&5H
BAAAAE TR Y, AL THEY). BEAMgHE
e RRZ A .

ZTLsiE PRI s 2R ER MW e
M ZTLs KRB FEFKF1. ZTLAILKP2., X3 1M &EH
oA 3N EE M TR R 7 S5 38 Nim I LOV &S 1)
1 . A B F-box 2 J F1 C ¥ ) Kelch & & ¥ %)
(Somers et al., 2000; Schultz et al., 2001; lto et al.,
2012a). {HFERRE, WEITHZTLsZRICE 11
LOVEMIK, M ERA2MLOVE k. ZTLs K ik
F 53 35 LALOV 25 ¥ 5 25 5 A 10 141 3 3R B AR H IR FMIN
(Nelson et al., 2000; Schultz et al., 2001). Kelch4h
T3 0 5 B 5 R AE BLAE AR G (Ito et al., 2012a)
(K1),

UVR8Z 5 iz fH ) UV-BAR 5 (1m0 B . 40 FG -
UVR8%ii5440 M & FE IRk L, 318 47 kDa. H il
TR AE NI Bk 2 114 S R R HLAE Coig k2D 59/ 2 ik
F2FIUVR8 E A AZ O I i 70 PR ik i, L 74
FORIIBIR e i4 R, H Com AN (02 B . ThREZS A4
FRIE LA SLUVR8H I A — SRAR B BLAR L] AR 4K 1 AN
# (Jenkins, 2014).

1.3 AZFHEIETIRE

IR R R KIEA SN UA: PHYA. PHYB.
PHYC. PHYDRIPHYE, AN[AJ% i 8 BEAH B A, S
FETEINRETUAR . PHYAR —R7E L I Il 40 i 1 6
AREMEA, S59H T ez KNS5
4196 N ; PHYB. PHYC. PHYDAMIPHYEJE Tt
ERE A, EFRFELDEE AL T 3 Z/EH (Tepper-
man et al., 2006; Kami et al., 2010). PHYAR] {i¢ i
M JF HF 1€ (Johnson et al., 1994). PHYBHI#| 1
(Guo et al., 1998). PHYCYEd H & (SD) R #ifil 7F1&,
M 7E K H T 5 PHYAIL [ 2 3 77 £ (Monte et al.,
2003). PHYDRIPHYE##|FF1t, PHYB. PHYDHI
PHYETEAE T RETL 4% (Devlin and Kay, 2000) (#1).
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2B
bt R PASHIGAF PHY PAS PAS HKRD
g SSSE—
] o % _% -%- Kinase |
Bk % k& A {-('\%/\L F-box Kelch

E1 HEYCRAEEHIRE

FeR RN N AT S 85 5 A IR R SZ S5 M3, GFEPAS. GAFRIPHYS: T IhAE; Cui AJa i T4, E8S 5bti_
RARIIIE T i 15 S5 SR, CfEPASHMHKRD MM D) e . FaAetm N 9340 45 & 2 (L A1 3 3R (FAD) AR (MTHF)
(1 MBS PHRES MK, Coip XS 8 1 IAR AN S5 T+ M CCELS MR, LB L 24N (K] LOV 45 #35 (LOV1 A1
LOV2)Z5 &L B H 3R P HIRFMNCRIBADE IS 5, JRER LoV S MK T a el S HEE AR A B2 mERZTLs
GBI EE M IR AR NIf ILOVES . o 8] (¥ F-box i & FICH [ Kelch & /741 . ZTLsALOVES i dlish A 2E (o s 3%
BZHETRFMN, Kelch&5 I 5 8 F 5 A ELAR AR % .

Figure 1 Schematic structural diagrams of plant photoreceptors

The N-terminus of phytochromes is a photosensory region (containing PAS, GAF, and PHY), which covalently binds chromo-
phores. The C-terminal light regulatory domains, including PAS and HKRD, are involved in phytochrome dimer formation and
downstream signaling transduction. The N-terminus of cryptochromes is a PHR domain, which non-covalently binds FAD and
MTHF, and the C-terminal CCE domain is important for protein-protein interactions and signaling transduction. The two
N-terminal LOV domains (LOV1 and LOV2) of phototropins bind FMN to perceive light signals and are required for interaction
with other proteins. ZTL proteins contain three important functional conserved domains: the N-terminal LOV domain, the inter-
mediate F-box motif, and the C-terminal Kelch repeat region. The LOV domain binds to FMN, and the Kelch domain mediates

protein-protein interactions.

LT I B AR 8 3 5L IR KR i 34N A 4 R
CRY1. CRY2FICRY3. CRY1HICRY2 5 Wy % i
BB OG, 25 RE LW L E AN R E T S
(Chaves et al., 2011). CRY1THICRY27E#\F F+
n] g 3 F 1€ (Koornneef et al., 1991; Ahmad and
Cashmore, 1993; Guo et al., 1998) (k1). CRY3&
T cry-DASH (Drosophila. Arabidopsis. Synecho-
cystis Jx Homo) 7 3, Mttt & CRY3Z N T Fafe
AR 2 18] ¢ Hh (8] 44 (Brudler et al., 2003),
HIhae i reidk— B0 ot

VERNBR TS E A RIN T, ZTLsS 51EY)
BTG SR, Tl RIS S RER
TE R FE A 1) 22745 (Baudry et al., 2010). FKF1/2&—Fff
E3Z #AiENy, R AfesEtE, s Nk
A 1% 3% (Imaizumi et al., 2005). FKF1X 748 A
R HEE 1 (Imaizumi et al., 2005), ZTLAILKP25t TF1E
B AMEIER, LKP2AZTLY a] LA 5FKF1 B AE 3k i

) H 2 A AL 2 (Somers et al., 2000; Mas et al.,
2003; Takase et al., 2011). ZTL"] LLEE{A4N 5PHYB
MCRY1MHEAEH, 7T REEAKE TN BB T
Bh i ThRE (Jarillo et al., 2001) (F£1).

] 6 3R M) v 5 A B SR D S AR, 2
SRRt E LRI O R SN 7 A A K e a i L L e
38 Bl T IRl A 25 AR ) ol 7 (Briggs and
Christie, 2002; Celaya and Liscum, 2005) (1)

UVRS8Z U 7 R 48 Ah & UV-B IR 5 A
Mt EER, ERAUV-BIRIENR T, UVRSIE XK
M0 TR — SR AR, LRI b € G R R AT 8 AR 16 ]
Difg. fEUV-BiRS T, 405 I UVRB K AL FikAL
HITBANMBIZANRR, R AUV-BIE SRS
(Rizzini et al., 2011; Christie et al., 2012; Wu et al.,
2012; Qian et al., 2016). H#l, SfisiSe 25
UVRBH HAEH & H, HIECOP1 (CONSTITU-
TIVE PHOTOMORPHOGENIC 1). WRKY36. BES1
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T/ UHTOGZARER LA TR

Table 1 Photoreceptors and their physiological functions in Arabidopsis thaliana

TGS AR B AP RE FHESE R
et R PHYA TE3ETTAE, ShtHEh, FhTreqk, BERA N Johnson et al.,, 1994; Schéafer and Bowler, 2002;
Tepperman et al., 2006; Heschel et al., 2007
PHYB e, ShiEEEN, MTek, SIS, Guo et al., 1998; Schafer and Bowler, 2002; Heschel
B 2 ™ et al., 2007; Wang et al., 2010; Kami et al., 2010
PHYC i H I IR, K H BTN e Monte et al., 2003
PHYD s ITAE, Fhreg k., B N Devlin and Kay, 2000; Schéafer and Bowler, 2002;
Heschel et al., 2007
PHYE HIEAE, MR, BB RN Devlin and Kay, 2000; Schafer and Bowler, 2002;

ffEmR CRYT? ReHITIE, "R E, Lk

CRY2 RHETTAE, B Lvle, BT
EB/S PHOTT  fJaltk, S5 SRS ALIT ORI S48 51,
ELIEM R ERIS
PHOT2  Ftt, Joift i) SFLIT I S ikiz 3,
ELLIMIR GRS
ZTLs FKF1 REHEIFAE, BARCTRESRA
ZTL KHEFHITE, BRITRE SHA
LKP2 T e
Lok UVR8 P R ARG, e TR AR, T AE

Heschel et al., 2007
Ahmad and Cashmore, 1993; Mao et al., 2005

Koornneef et al., 1991; Guo et al., 1998
Briggs and Christie, 2002; Celaya and Liscum, 2005

Briggs and Christie, 2002; Celaya and Liscum, 2005

Imaizumi et al., 2005; Baudry et al., 2010
Somers et al., 2000; Baudry et al., 2010
Takase et al., 2011

Favory et al., 2009; Gruber et al., 2010; Yang et al.,
2018; Liang et al., 2018

(BRI1-EMS-SUPPRESSOR 1) #1BIM1 (BES1-IN-
TERACTING MYC-LIKE 1)%, A APy A 2L
ThRE £ ZAFEIH N IR WSS E R TT
1f£%%:(Favory et al., 2009; Gruber et al., 2010; Yang
et al., 2018; Liang et al., 2018; Dotto et al., 2018)
(1),

2 NRAELRIARALEE FHEEIER

TEVFZ YR, 6 B2 5 e JF 7 1) B R 7
IR B IE AR 2 R AR ) T A8 1 1842 2 — (Johansson
and Staiger, 2015). 0 I & — PSR K H R,
K H IR ILITAE, 2 H IR HI I E. COmy#E sk
T 5 Jig AP A R F T e /KT A2 o B i %1
A TR Z ) SR NS 5 R o

2.1 RFZ4EX CORRKFHIEE

Fafb 2. Y EMFKF1/ZTLLKP2# 2 5 COMt:
(Rl KPR . COMI#: 3 3 E 52 $|CDF1 (CY-
CLING ODF FACTOR 1)AIFKF1-GI (GIGANTEA)E

AR 4% (Imaizumi et al., 2005; Fornara et al.,
2009). CDFsZx st —EKHxH 1, F/RCDF1AH
BEAMHI COM#E 5 (Sawa et al., 2007). FKF12&—Ff
E3Z R AIEHN, G YFRA 1% H (Mizoguchi
et al., 2005). FKF1RIGIEH LR FIE, LB
R 2O BAE R FKF1-GIE &1k, %8 &R
e AR - CDF1LE 78 K AR B AR, 3577 B0E CO
ff)#4 5 (Sawa et al., 2007; Fornara et al., 2009). &
FKF14), ZTLAILKP2B ¥ fit 5 GIE i & H B A 1k,
T AR [F ) ¥ A (WICDF1) (K12). 44T, 5
FKFAARE, i #RiEZTLALKP2MF) 3k AR EK H
HE2% A 1 5 2040 1) CO 1 2 T 38 30t W A % 204
(Schultz et al., 2001; Somers et al., 2004), X /& H
T LKP2FI/ 5 ZTL 23 52 Wi ot FE 4] I FKF 1 28 A AR &R
(Takase et al., 2011).

CRY27E COM e s ¥ v AT A B EL T . Yidiid
757 CRY2JE il AR — Ak (1) 77 Ak BUE CRY2, 1M
BIC1 (BLUE-LIGHTINHIBITOR OF CRYPTOCHR-
OMES 1)A[ 5CRY2H # HAEFHKICRY21 — Rk )x
NG B20015 5 i S FE(Wang et al., 2016). COP1
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BE®%E SERAMER FERER HEik%z
8 % ® &
PHY
PHYD COP1 \(‘ ’7J7
PHYA , PHYB < ELF3 1 a6
i\ vozi/2 miR156
v LA
SRR1_} FLC CDF1  DNF
s |
; co
PHYA  PHYE T S A 74
l FBHI-4
PHYB “
FCA/FVE ¥ v < i
- PHYA PHL
§ GA30X1/2 TEMI/2 ‘ \_P ¢ Y
i 7?:% COPISPAI —f CO — HOS1  MIRIT2Z
g “T : Gl AP1 LFY
FLM " PIF4 NF-Ys ‘ R_7
SVP +— DELLA pan soct
J l BBX24 NFYS| opRy  PFTI 1
L v L 3 ¢ [Tl
—— ze @ wrzn UHE —— B b EHERE —— BRG] [P R

B2 St SIEE SRR R R

HY BRI EADFOMITE RS SCREEE. FHEE. REERE. BE@R. FERESEMFRES. R, e
7 RIEERMZTUFKFLKP25 0 AN SOU1E 5 IR S 1 sa BRCTi R eh, Sl 2 FIT IR ENE T ¥, REERS#E
MIECO. FTMIFLCHIZIEME ARGE N AR ZETOCHE R E L FCAFVEREIREFLM. SVPHIPIF4EITRZEFTHI R, 7rd
FRAEMENEE HSRRTIHMTE 58 E, BILGAEYE K& GA30X1/2L) e DELLAK FH#EFTIN 3%, HiiEFiEIEVOZ1/2
AR EFLC. SVPHITEMI 2 IS FTI RIS, B Lt s T LEM AR B K EIE R FLCIR BEITAE; J62 4k
LA g K IEHEE/EA, Gl. CDF1. DNF. FBH1-4, COP1. SPA1. HOS1FINF-Ys&%: & [ B akf 8 56 2 HAE, X
CORe7e. ¥R/ LS F TR AT S5 S0 B R 435 AT 4% . SEROBARIEIE mIR156/17 2R SPLSIREFTHIZRIE . ARIFITTAE
BRZAEERESTEEIH], BEITESHEESIFT. SOCTHILFY, WIRAPTFILFY, I 5EIT LR . Sededi hRm BT
i, HELH Sk FOR R, BRSTR B, MO Ea %k, HORRE R, ROKRESEA,

Figure 2 A schematic diagram of flowering time regulation by photoreceptor-mediated environmental signaling in Arabidopsis
Six flowering regulatory pathways have been identified in plants, including photoperiodic pathway, vernalization pathway, tem-
perature pathway, autonomous pathway, gibberellin pathway, and age pathway. Phytochromes, cryptochromes, and ZTL/FKF1/
LKP2 perceive light signals in leaves, and transmit the signals to the circadian clock. After signaling integration through multiple
flowering pathways, the photoreceptors eventually directly or indirectly regulate CO, FT and FLC expression and protein stability.
In the ambient temperature pathway, the phytochromes indirectly regulate the transcription of FT by FLM, SVP and PIF4 through
FCA/FVE. SRR1 integrates signals from the gibberellin pathway and vernalization pathway and regulate FT transcription through
GA30X1/2 and DELLA proteins in the GA pathway. In the vernalization pathway, VOZ1/2 and phytochromes regulates FT ex-
pression through FLC, SVP, and TEM1/2. The autonomous pathway promotes flowering by repressing FLC. Photoreceptors play
an important role in the photoperiodic pathway. Gl, CDF1, DNF, FBH1-4, COP1, SPA1, HOS1, and NF-Ys directly or indirectly
interact with photoreceptors to regulate CO transcription, CO stability, and FT transcription. The age pathway regulates FT ex-
pression through miR156/172 and SPLs. There are signal integration mechanisms between different flowering pathways. The
signals are integrated into FT, SOC1, and LFY, leading to the activation of AP7 and LFY and eventually the initiation of flowering.
Solid arrows indicate direct promotion; dotted arrows indicate indirect promotion; blunted lines indicate direct inhibition; red ovals
indicate red/far-red light photoreceptors; blue ovals indicate blue light photoreceptors, and gray ovals indicates signaling inter-
mediate proteins.
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2 B B RIng 45 M IR M E3iZ R IEH:RE, ELF3 (EA-
RLY FLOWERING 3)/2 JG {57 45 fa 4k fry 4 70 e e 2
HE, AR B RT E E A) G R A RS A
(Bendix et al., 2015). HEERAET, COP15ELF3JE
J COP1/ELF3 & &1k Jf I M GIE H, Wi ' B 1
CRY2fit i | COP1/ELF3 & & 1k (1) i% 1, {2 Gl
EAMME, IERFKF1-GIE &K (Yu et al., 2008)
(K2).

Ak, AR % E B CORE S MR+
ELF4 (EARLY FLOWERING 4)r] 7E % [ BR #1] G112
S5 CORBT MRSy, dEifisgm H %5 (Kim et al.,
2013) . E3iz % ft.i% ¥ ¥ DNF (DAY NEUTRAL
FLOWERING) 7t £ H /& T #i | COfy K18, TE4E+F
CORIMIK /K -3 15 h ikt 21 22 4F F (Morris et al., 2010).
FLOWERING BHLHZ [1FBH1. FBH2. FBH3 Al
FBH4 L) J7 Ay 1k 2 4 % PFT1 (PHYTOCHROME
AND FLOWERING TIME)/MED257] £ i# COf) ik
(Ifigo et al., 2012; lto et al., 2012b). 14k, MSI1
(MULTICOPY SUPPRESSOR OF IRA 1) 4544
B, 15 IE R X T COMI R S BE 2 7 1
(Steinbach and Hennig, 2014).

22 XZEHFCOERREMMIBE

B COMI e sk /KP4 4k, Rafb k. LBt &= A
FKF1RT LA COR A Mt E . fEKHBKMT,
COEATER R FHMML, MLE T HIA E (Song
et al, 2012). COP1-SPA1 (SUPPRESSOR OF
PHYTOCHROME A)z ®iE#E 542 5C0HEA
FREMI BN AW Y, W] 7E 7K W] B % CO £ H (Laubinger
et al., 2006; Jang et al., 2008). YiE{LAICRY [
T COP1-SPA1E & W11 i&E %, {HCRY1HICRY2X}
COP1-SPA1 & & iE PE BRI ML AN [F . CRY1S
SPA1 ) Ciifit 45 £ L 1 SPA1-COP1 & &4 1 il (Liu
et al., 2011), 1M CRY2:d i 254 SPA1 N i 13 1 {12
#HSPA15COP1HI4: &, (HANHISPA1-COP1E & 14
PEE, {2i#COHEE M R (Zuo et al., 2011). IL4t,
J6 B R PHYA ] 2 e CO &5 [ #k M (2 #E - 1 1
PHYB/2 i3 CORI B Mt H £ . 5CRY2HLHIZE
8h, PHYA 1 fg % 1 #] COP1-SPA1 & & 14 i & Kk
(Valverde et al., 2004; Sheerin et al., 2015). PHYB
MIE B R LA AT - COP1 i 42 F4 AR CO & 4 (Jang et

al., 2008). & HFF%KH, PHL (PHYTOCHROME-
DEPENDENT LATE-FLOWERING)Z 5PHYB/# #fi
e A 72, PHLA AT A8 ¥ i PHYB-PHL-
COE &R M5 HiPHYBXI COI#IHI{ FH (Endo et
al., 2013). B T COP1, 7 —HME3Z RIEHEHFHOS
(HIGH EXPRESSION OF OSMOTICALLY RES-
PONSIVE GENE1)t1Z 5CO% [ I % fa e it 2
(Lazaro et al., 2012) (&12).

IEAh, FKF16EMSIE T LOVES #4385 COHAF M it
FaE COM M, TG REHE 51 e AT 2 [A) ) 40 B AR
(Song et al., 2012). FHHFFEHEN, UVR8H fE 56
0 R/ B A (0 25 3 [F] 55 4+ COP1 (Favory et al.,
2009). [HARRA T HUVRS — BAKLEUV-BHEST T fift
RCRAR, R RZ PR, KBRS
COP145 4, e — & 45 & 3k M & HY5 (ELON-
GATED HYPOCOTYL 5)# ¥, 1JF TUV-BfF
S % (Rizzini et al., 2011; Jenkins, 2014). COP1
FHYSY) RS 57 S EE FIE S 41, XN
UV-BfE 5 5 AT WOGAE 5 AT AR AF7E A I HemLal . 3
/& H BTUVR8/COPA/E I tn fi 5 1a COP 1 X} T i el JiZ
BRI S HEATE 4

2.3 NFZHIFTHERKFEHIRE

FTHZRIEFE e T IFAEnf 8] . COZFTRF EZ 1)
G R 2 —, COW LUl HCCTE M4 &
FT)& 3l ¥ # 24> CO . & Jt /4 (CO-responsive ele-
ments, CORE), I geiliid & & A& &R 1 X ks
FTHI% 5 (Tiwari et al., 2010). NF-YA. NF-YBAI
NF-YCJ.NF-Y (NUCLEAR FACTOR Y)E &4,
GEAIEFTIE BT LI CCAAT-box 1] 3 — 25 1 35 CO
NS FTH: 0% (Cai et al., 2007; Kumimoto et
al., 2008; Cao et al., 2014). 4k, ¢ #1i&1%2B-box
FE 1 STO (SALT TOLERANT)=,BBX24 1] i i
FTif1#¢i%4(Li et al., 2014), BBX19 4 #fi 2 AK H I
TIAER AR TR T (Wang et al., 2014). Fafet R,
TGt 3R DL FKF S 2R # 2 5 FTI e s i %

16 W % N # 3¢ T CIB1 (CRYPTOCHROME IN-
TERACTING BASIC HELIX-LOOP-HELIX1)5CR-
Y2 HAE K i CRY2-CIB1 5 &) 45 & FT)3 3 T E-
box tfF(CANNTG), kTG FTI%: % (Liu et al.,
2008). It4k, ZTLRILKP2 (R E4EFKF1)&2CIB1E 4
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AL FRI(Liu et al., 2013). CORH: LM 1
CDF & {1 v 5 FT/a 31 45 & i . 7% 5% (Song et
al., 2012), MFKF1-GIE & 7] LL# R FTH: s 46
A B ICDF1, TR FTI#21X (Song et al.,
2012). GIZPHYBAE 54 I HEH 77, W HEBOE
FTi#:5% (Huq et al., 2000; Sawa and Kay, 2011).

PHYB-5 Gl [ {1 AH LA F L2875 A 4 R BE XU A8
AT AR ENESE, XN NS HFTH R IL
(Yeom et al., 2014). Bb4h, 7EL 6 FPHYBH AT 5
PFT1E B HasE, B #nsl FTHRIE(E12).

3 AZHAEHEMEREFHREER

31 XZES5HFNLER

F LA ) T B ) — BUARIR A e v T 4K B 65 (1 301
R NEL, FAANE R IE B SE, Bk
A FIFACIAER A R AT AR HZ AR (Kim
et al., 2009). # 3 [H FFRI (FRIGIDA) f1FLC
(FLOWERING LOCUS C)fEH W kKIEEEIEM . F
1€ ¥ #) A 7 FLC 5 SVP (SHORT VEGETATIVE
PHASE)JE itk A& &4k, #i#i#SOCT. FTHIFD
[ #% 5% (Amasino, 2010) (E2). #Fr&kiE< FRFLC
2615 b i AR B (Helliwell et al., 2006). g 7+ 1E
B 7K B B, 8 i — B3 SR VALY
(VERNALIZATION 1)ERVAL2Z T BRFLCII R X, T
B “RIRIE1Z” (Yuan et al., 2016b). i 7E JF4E )5
JRRG R B 1, FLCEWAANFI FHREE I <ok #5%
[ 7-LEC1 (LEAFY COTYLEDON 1) 1% (Tao
etal., 2017; VFUUEFIFIEE, 2018). Ih4h, FLCHH H
TR NIRRT 7 I RIE, ARG E TR
K¥FVELL KX RNAZ & # HHFCA. FPAFIFLK (Rataj
and Simpson, 2014). CiFHFLCAIH EigfEH L
A4 53 52 W AR A B T 3 9IR  FE 1 (Salathia et al.,
2006).

AR, BERN ZHOGE ST IS
FFNRE T, B 5IFEFLCH 5 (Strasser et al.,
2009).PHYBI H.AF & 1VOZ1 (VASCULAR PLANT
ONE-ZINC FINGER 1)fVOZ2w] #li#| FLCIt ik,
MR 3 FF A6, voz1/voz2 X 58 A% 44k 2 B i ¢ & &Y
(Yasui et al., 2012; Yasui and Kohchi, 2014).
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3.2 AZES5EREIER

T& 4 A E IR A K B PR IR B TR g TR AR,
TR U 2401 1 4¢ (Samach and Wigge, 2005). 7
B 2 FEEERITAE, M HIE 2 5 80T R A5
45 K:(Balasubramanian et al., 2006). SVPif id i
F T ¥ 5 A6 TF A8 1) il FE i 4% v ks 3 2 4E A (Lee et
al., 2007). % —2MADS-box & (4 FLM (FLOWE-
RING LOCUS M) 7RI IR T T R SVP-FLM-BRH &4,
I FTE e %, M AE &R R B R SVP-FLM-0 5 &
Vs 45 G DNARIRE /1, et IF{E(Posé et al.,
2013). Ik4h, SVPHIFRIE RBUE R TR, K
IR AR 5 B BT A 2 (R A7 A5 B A LI (Fujiwara
et al., 2008). 7 JF phyB 7 4% ¥4 78 I I 3 i
(22°C) FITAEHR AT, TMAE16°CiZ AR SWT A A
AITFAEI ] . #EphyAlphyBlphyD =B R E 5T,
phyE) D) REFEAL R I 224 1) FAE R, K H116°CHt
PHYE7E JF 1€ 1 $% 2 3= 2 {E H (Halliday et al.,
2003); cry1. cry2HiphyAlcry23 58254 {E16°CItf I
fe e FHEIR, RYIFSAL GO R FDGHE R MR @t
W SR I FFAE I Th g (Blazquez et al., 2003). TFLA1
(TERMINAL FLOWER N)FIFT — 2 [F & g it 2 i
Jtiz 45 4 5 1 5 Ji (phosphatidylethanola-minebinding
protein, PEBP), /&4 HEFIRT 41 R YRk =1L 60%,
{ETFLT#0#) JF ¢, 1 FT{E 3t I+ 1€ (Coelho et al.,
2014). th1575 0] bk erys T AR v (R S e e, B
TV 14 47 elf3 1) FAL ] LU ] phy BSE A8 44 i 5
L, 2R 2 DAEAE2 26 B AR W] LUKOUME 58 6 3R
JE %1% 41 (Strasser et al., 2009). bHLHZSH 51
PIF4 (PHYTOCHROME-INTERACTING FACTOR
A ECZ RIS IR EE 5 M E LR T, @
W S5FTRI TGN FmiRITIE, & RIEPIF4FIHE
AR FAER A (Kumar et al., 2012), MPIF45 A
R 52 F|PHYB [ f1 1 #% (de Lucas et al., 2008)
(E12).

33 ARBFSHKRBRIEE

7% 2 (gibberellins, GA)nJ i ik B fif % ¢ 4 il [K -1
DELLAZ A e #EE Y 7F 1€(Galvéo et al., 2012). GA
A A A 2 LU 2= 4 ) e IR T $2 5T 4 (Balas-
ubramanian et al., 2006). ¥ %[AFTEM (TEM-
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RANILLO) W] fig B A B & % A G 5 MGAIB 12 1 T
fE(Osnato et al., 2012). TEM1FITEM2#] ##| GA4:
Y & & 1 o GA30X1 (GA3OXIDASE 1) fil
GA3OX2F: N MR 1L, I RIETEMER WY B A
FABLGAGR K Y FE A (A 1 % 2 (Osnato et al., 2012).
A, TEMTRITEM2 2 FTH B B K1, —#
A 5CO%S 4 & FTR3IT, COMTEM A A% &
R =R E [ FTIH)# 5 /K-F(Castillejo and Pe-
laz, 2008). M:4F, SRR1 (SENSITIVITY TO RED
LIGHT REDUCED)#& [ 7E i %5 B & T 81 fTPHYB
M FWE 5% S b K E ZAE H (Staiger et al.,
2003). srr17835 R F phyBIE AR Ak 2% L 4 VF 22 ALY
FM, RYISRRTZ AT IEH IPHYBIE 5 # 5 i i
FH). SRR1EL#IFCDF1. TEM1. TEM2#IFLC
LG PTG AN R 7 i3 aA, M0 40 e 75 5 H
& 2614~ FF ¢ (Johansson and Staiger, 2014) (K2).
b4k, PIF4E AT DLEAT Y615 5 FIGATE S A (de
Lucas and Prat, 2014). GA{Z 5 i& 12 d 5= 5 i1
DELLAZE [ /2 PIF4 M sk 4 Rl F, DELLAZ A7E
K HBE AT UM FCOMGIR 5 RIAIEFTHI &
k. GAS =N m B {EDELLASE A A& sE tE, Bk
fFPIFATE A A% H F 2 (de Lucas et al., 2008).

34 AZRES5ERIEE

R A 0 200 56 1 — 58 T2 B B R AR KA Re E N AR AR
K. miR156FIMIR1727E LR IF AL I AF iR 12 TR
FEEBEAER . RAEHI ] T miR156 1) 31k 78 2l i 11
T RS, T AR 2 R miR172 1) R IA 7E 4%
WIS BAEI(Wu et al., 2009). miR156/2 ik
BN R S mIRNA 22—, H B R R & SPLs
(SQUAMOSA PROMOTER BINDING LIKEs)## 3% 4]
T F I H (Reinhart et al., 2002). 815 773k F 4
H 114 HmiR156 # 1] (1) SPLFEE K, 7] LL 4 A SPL3
(SPL3. SPL4#1SPL5)f1SPL9 (SPL2. SPL6. SPL9.
SPL10. SPL11. SPL13. SPL13-like }; SPL15)pi4l
(Xing et al., 2010). SPLOH 45 &miR172)4 3 712
HEHE A (Wu et al., 2009). miR1727] 45 AP2-like
g Rl K IGFE R e 5%, A3EAP2. SMZ (SCHLA-
FMUTZE). SNZ (SCHNARCHZAPFEN). TOE1
(TARGET OFEAT 1). TOE2HI TOE3% FTI:A ()54
AN 7% K (Chen, 2004; Wu et al., 2009). 4§

BRACEE &AM RS RAEE2ANER Eo Bk,
G B R G 5 miR172F B 1 8 42 (B
2), FIK, miR156[1J#EIE K SPLTE G JH #1421 i
EEAER, S8l IT A H BRAR Dy K H BRI, SPL
PRI A S5, 1X — 12 AT AE i 21 MADS-box % [A]
SOC1MFUL (FRUITFULL)/%(Wang, 2014), It
b, UV-BA] il 1 1 4540 B 5144 I miR 156 7K - M 1T 14
AL, UVRSTE I i & #% ¢ 8 /F M (Dotto et al.,
2018).

4 BHESRE

I EHLHES, @S S W 24— B2
YA TR S . BT, AEDEZART 5T
SERRNAE B IhRE LIS BN, KILT —Kitt50k
SZHREAERGESER, MOLE®RE. BERE
K GABZIIME 5 S BAHHIEA T —EMiliR
(K2), {HRIEAFLE L ) A FRR AT Ban: (1)
T PN YR I B S R B O 414> ELF3FI G B & B
JAREAR, TR AR S USSR R )
KAEMAEY; (2) A FARCEASHIECRYTH
AL, T WG 5 AT LI A G ER I TE E R
(Yuan et al., 2016a), X AR AMBEEERESS
FEAEHLHI ¢ REE4E T BB, (3) KEESEANIE
M E A B AR AL IR LIS R R AL (4)
BT R IR mMIR156 AImiR172, & i Witk 4%
W, QI DNA R AL R 2 B A8 1 S5 70 T 18 T 45
e M7, (5) H Eigam i i e s 4
AL 2 6 B L R FLCTT AR 3% T 46 (Yan et al.,
2010), fEFEN BT LB RS 5FLCHME R,
{HJ2E B FI&E HFLCE T Z 26 Z AR R v i
2, WAk, J6ZARAE K FE(Oryza sativa)ss 55 K AFY)
AilE ZAEY I ThRERT 7T W HU A T — 5 13 B2 (Takano
et al., 2005; Yang et al., 2017), {5 T 7 <5 % K
THDy e E SIS = AR B 7T . Dy e d R 4H 2
AR B SR DA S s 2. B AR 412 A4 2 AN
Fe A 2 S A SRR I 1 25 A0 AT BE O B A v A
AL 2k SR A B AL A

SEH

VHBUE, TR (2018). “JGlR” #er KT LECA{E R IR AR H &
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Abstract Light is an important environmental factor that affects plant growth and development. Flowering is the most
important event in higher plants. Plants perceive accurately changes in the surrounding light environments by photore-
ceptors, thus activating a series of signaling transduction processes and initiating flowering. Here, we summarized the
current understanding of the structural characteristics and physiological functions of various photoreceptors in higher
plants. We reviewed the molecular mechanisms of phytochromes, cryptochromes, and FKF1/ZTL/LKP2 in mediating
signaling transduction and flowering time, including transcriptional and post-transcriptional regulation of CO and FT. Fi-
nally, we described the advances in photoreceptor-mediated-integration of light, temperature, and gibberellin signals in
regulating flowering. Future directions in this area were also proposed.

Key words photoreceptor, flowering, phytochrome, cryptochrome

Ma CF, Dai SL (2019). Advances in photoreceptor-mediated signaling transduction in flowering time regulation. Chin Bull
Bot 54, 9-22.

* Author for correspondence. E-mail: silandai@sina.com

(PUESH: RILYR)

© 0000 Chinese Bulletin of Botany




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 350
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [3000 3000]
  /PageSize [595.276 841.890]
>> setpagedevice




