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Abstract The biological clock is the endogenous rhythm of the periodic fluctuation of the biological and physiological activities,
this endogenous rhythm is actually not exactly 24 hours, but between 22~28 hours, so the biological clock is also known as circadian
rhythms or circadian clock. Many physiological and biochemical responses of plants exhibit a circadian rhythm with a period of
approximately 24 h, this circadian rhythm is regulated by the plant biological clock. Biological clock is the internal mechanism of
periodic regulation of biological and physiological activities. In higher plant, the internal mechanism of the biological clock almost
involves in the regulation of plant metabolism, growth and developmental process, as well as controls many physiological responses
of plants, including flowering transformation, leaf movement, stomatal closure, seed germination, photosynthesis etc.. Plant
biological clock system is mainly composed of the input and output parts of biological clock, the central oscillator, and the valve
effect device. Light and temperature are the major contents of the biological input part. Presently, many experts and scholars have
studied the circadian regulation models and its action mechanisms, among them, the research of circadian model in Arabidopsis of
the model plant of the dicots would be the most detailed. However, there are many key genes to be identified yet.

Keywords Plant biological clock; Regulating network; Central oscillator
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AP IR, R RVE 22 AR BEAN AR AL SN AR B
H R N FE AL T-24 BT LA .

T A LI 24 Wi JA 34 il 6 R A A 3 K
HB 4y 1) A= BE G 2 (Dunlap, 1999; Young and Kay,
2001; ZF5%KAE, 2015). X Fhilr24 hJE AR A BT 22
(1) 531 FH Bk 30 A2 A 26 4 1 DK B A O TR A [
i JE S R IE . AR AR T R 2 R T
REAIF 50 RN I 2 S 0F 70 L8 R ILE A R I 3R IA

2 F A8 R 42 (Harmer et al.,2000; Schaffer et al.,

2001). Y FKiE ), YIRS RS R
Ve, WA SESR, TR 20 S R4
TR 2 B AE 0 N LE R AR ) B 4% 1) 1Y) (Barak et al.,
2000; Mcclung, 2001; Nakamichi et al., 2009). 1EH%
AR B — R 5 A R R T [F 2
MLl (Devlin and Kay, 2001) . 4044 P 7E 1 2 B R 458
AT DR 4 203855 iR G R DL pl24 hoA R
Ak, T E SRS, ISR R IR BT
Bt 474 2 1Y A #EE 3l (Johnson, 2001), WitE Y4
IR AR P 2 BB R, R AR AE )
PITFLErSTE] SaE ER . AR, A, gsess b
. YR AR — PSR, R HER B
() 32 SIS R - G RE R FE LA 24 ho B4k i A 1)
KA H AR IE BRI 45 R

LHE WA= Wy e iR T A 2 e ok B X 2% B R 1

MAS(2005)f & 1 s 5 b B b — A2
SRR (M&, 2005), HEYIRIAEYBE RS0 Jva
NEEWE S VB, PR S,
et 0 23 R IR 1) A5 2 (L) o AR B A N 53
FEAFE IR BRI, HSOEaFE S FhaEA
YIria 4= K (Fowler et al., 1999; Kreps et al., 1999;
Salter et al., 2003). TEHAA& N A7 EE R FE R
e, —REREXAGERFRLKEHOR
PHY (Phytochrome)J& &,  7E 48 R+ 71 %5 & 4 54 [F)
JEIER, 5 ZPHYA, PHYB, PHYC, PHYD,
PHYE, — R EE X EIOH R AL G R
CRY/(Cryptochrome) J: [ . th4h, ZTL(Zeitlupe),
FKF1(Flavin-Binding, Kelch Repeat, F-Box 1),
LKP2(Lov, Kelchprotein 2)th fg 252 #5615 5 . i)
WS T 7Y ED SR RN . ZTLEEAME ]
D2 GE S, ERTREEN T T 238621k
A H Al S 2 B RIVE . (HE, 24N IEE
AT HH O 1) i W A 8 iR A 5 98 5 AT
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Figure 1 Molecular model of circadian clock regulation
network in the Arabidopsis

FERL R T, iRy a2 — A IE A
[Fa) Y428 ) B GRS ) (R, X G B3 AT LUK L
VA AT ) R IE A . X AE B A 1)
T RIS A A T A AR, O
AR 2 A E S I . CCAl(circadian
clock associated 1)FILHY (late elongated hypocotyl)
A8 B 5(tocl timing of cab 1) /5 31 HH ()4
TR P 9 (R O RO TC A ) O 45 6 SR AW TOC L 3%
1% (Harmer et al.,2000; Alabad fet al., 2001). 7£ 4K,
CCAL/LHY 3Rk 7K 1 Y B AR T LL 32 A o3k 1 x
TOCLIHIHIMER, I3 TOCLIIMRNAZR A Si& i
Hhn. HTOCLHRIABIA S| —E BIE, X
IEFH#ECCALMILHY 2L, [E#3CCALRILHY
RILESI, WML T — MR A PLIEH .
TOCLXf CCALRILHY ik (1 1E 7] i £ 7] G A~ /2 B
e, RO EDAAAEAIDN ALK R 2 5 1 I
7] i # CCALILHY [R5, hifi153 7l /2 ELF3(early
flowering 3), GI, FIELF4(early flowering 4) (Fowler
et al., 1999; Schaffer et al., 2001; Doyle et al., 2002) .
RIS, ) A b 42 W) 5 R P 1 VF 22 A BT
o), BIEEY KT 1L (Mariko et al., 2007), I
HYAE i DL RS E R, &I, BLA I
S MEY A KK E 3 (Kreps and Kay,
1999; Green et al., 2002; Blasing et al., 2005;
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Dodd et al., 2005; Niwa et al., 2009) .
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REL A A5 A 1 A M O b A L 1 A 2 S
Bk 24 hir) H A A 4L(Devlin and Kay, 2000). ¢/
AP FRIREE I (] [F P ML ) — MR L E S .
TR E AL S B A5 5 & 5 A B
FHIE I R S E N AE D i AL — AN BB R . 18
PRI, PR EERPDEZAE, LR PHY)H
Fa bt 2 (CRY)ER S 5 1 HH Ot Ja 8 428 1 A= 4
(Somers et al., 1998). 5Nt E H1, F4N(PHYA,
PHYB, PHYDAIPHYE)/E 41 5 il i AE Wb igs 42 o
EAEM, JFREMIMERZS K.

A, CRYVE NV G2 R, B2
Jt, CRYLMICRY2[)ZIfE IR, 1ENIEGN 3
A= W) B ) 3% 4k (Devlin and Kay, 2000). CRY1A#l
CRY 24 Z AR 615 5, CRYLIEM L&A
R, FEEZERREMNEL, MCRY2EW G
AR AR, B RIREE DG (Lin et al,
1998), WIS NCRY2[IFEARE RE S ZTLA 5%,

T I AR A A A B (3R e &=
LRI . e R AL O REAF DL &K
PERILFEER T — KA AEBIRGE, BRWIE
SEHAKCE ERERAE V2 R R R IE K
CRY2 R BBk RAE L0065 F 2G5 5 A
(M& et al., 2000), FFHCRY 2L K 58t 2 2 ]
FAEEMBAER . et R M RAR R R 2R m
NN, RHTERRELLNKM NI REE
AT, CRYLEPHYA N SR g+ HA A
KTkt (Salome and McClung, 2005).

A, ZTL. FKF1. LKP2tRER2 W6, IF
Hignr DAk et R 2 A MR K2
WL AR . ZTL, FKF1, LKP2E:RH%5H
FE AR S A 1 F-box D RE4E #48 . F-box 4k #4)35k tH 21
EAENZHRRIE BT, RE% K 1R o
TOCLY5 & [ iz & B M % % 5 P4 f# (Craing and
Tyers, 1999). ZTLEE 115l X (103X Lo 45 F 3 i AR
AR R, MR BE A T A P B R A3 Y
B T BRI TR AR B R . X ZTLR AR R I
LR, AW i R A A AR T O 1) 5 B
(Somer et al., 2000), {H/&, LKP2[ i &RIEEH LS
B — e 57 A W) B 4 )R R O T R A
(Schultz et al., 2001). 1 FKFLAE Y & 3 e 25 421
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COZE A (1) FR3X &2 1 1E F (Imaizumi et al., 2003) .

X B8 B PR AR A AN R A2 AR AT RE 2 B AT
62 AR B EAF I RER . ZTLAEAR NI
M 5PHYBARICRY 1% [ #H B.1E H (Jarillo et al.
2001). YO NEDROCHIIT G, HRIEZ B4t
FLIREE L5 5 (1 R % 1] (Toth et al., 2001).

TRt RIC AR OER, —JrHelld
T SRS A SR8 R R G AT T SRR R A P R A e
iRz T, S—Jim, ENASRE RSN
FE R AP bR BRORG . BEAE AP TGRSR A
TEE ML, BR TPHYCHE, He ez k3 K
IR B AR BT A, EATHIMRNA
R ZEIE K32 B ph i o IR Legh AR WA
YR, AR — NG SR AR E LB
BRI EE7 NS

[FIIS, AR N IEAEAERE — R B B IR T TR
FEHIANOCE SMANE R RS, EME T,
ELF3. LUX (lux arrhythmo). TIC(timeforcoffee)!!
XCT (xap5 circadian timekeeper) i %% Gt & A
FHOUE SRR, B AN EEE T LG
NIE B —E Bl FHE R, A BB R G
(Schaffer et al., 2001; Onai and Ishiura, 2005; Ding et
al., 2007; Martin-Tryon and Stacey, 2008). 5 2 4% ,
FHY3 (far-red elongated hypocoty 13) I SRR1
(sensitivity to red light reduced 1)1 x e N5
f 210 B3 G 200 1R 5 A A IR 1A I 4% 1A
(Staiger et al., 2003; Allen et al., 2006)

MR A LIBR
A Bl ) AR BRATL SR AE A [ 1) AR A A S 2 B
BRI, T O IR 38 TE U 67 S 15 1 % 2
(Dunlap, 1999). 1% /™1t S i3t #3 A0 45 1E [ 1 42 Fl
RIS, X R 51 2 E) e DO B R, ok
3 BN B TR PR RIS FNTE R o X FhAE P Rl
G R 35 P R 2R R R A B A T AR i
PE, AR Z EAYBME T, AR
I AEFD A 5
FERNEETFH, CCAL/LHY FITOCL X [8] fIAH H.A4)
BT IR A% ) Rt 3 (Alabad Bt al., 2001).
LHY FICCALZ —KR1FEMybR A K7, 7EH
FILBIFRIEM G, &AW Jedik 7 45 1 971
BT, HFEEZFNTOCLH M. ERK,
LHY/CCALH & 3+ X 385 H 11 -G-box & 14, 1] LA
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5 PIF345 & (McWatters et al., 2000), A\ ifi 11 i
LHY/CCALER M [ ZR % s AL FRE LR )5
PHYBH MUK NTEEIRES, FESPIF3ZE &, MR
XTCCALMILHY S5 5 Rl ], JF ik — % 3 T
] S AT 18] 35k [ 0 SHE 0 1) 2 1) 22 R R 3R 08

LHY 5 TOC1%5 7K [A] B X 1) J2 3l F 5 R Tt
1 (AAATATCT) AH &5 & M 1y 4170 ] 2L 1) %% 5 R ik
(Harmer et al., 2000). 7t K, CCALLHYZIAK
S B B AR T DA i B FL e TOC L # il AE A
ATOCLFIMRNAR L &N, H{TOCLHRIEA
I8 B —E B, X2 ERiEECCALFILHY
[(1IE, MfSCCALRILHY R IA &1, M
BT — ARG BRI . BT, FERLRE IF A
CCAL/LHYFMTOCLH B 442, TOCLH
JeIE M A LHY/CCALI R L, *LHY/CCALIE
B —EMREE, N mHTOCIKRIE . #
HOX AR, MYB#; 3 [K FCCALRILHY 2 1E N
SR B AU e T LA 245 A # TOCL
)3 37 X 38, 1 TOCLXf CCALRILHY % ik (1) 1E
A WA H .

CCALl. LHYFITOCLIX3# AL M —ANH)id &
FIK ARSI AN TT AP ph M B R R L, Mg
o), REHAER TR M, RS LHY 8
CCALKIAMBZIFEE. 52 AFM&Z, CCAL,
LHY M TOCLiX 37 HH A ] — AN I ik 2k RAR Al o ik
Rk JE 1 B0 45 %5 (Wang and Tobin, 1998; Green
and Tobin, 1999), JfHLHYFICCALX Gk 4k 54514
AP b B B E AT T2 M AT LA B B R AR T A2 )
Bh I A, F B LHY MICCAL) Th BE A7 15 45 44>
TLAT MR S, CCALRILHY W] DAZE A A 5k
AR AN B B AR N AH B AE FH (Sheen et al.,
2009). {ERNFETF AR I FLR B, 7S — R A
& [ TR H TOCLH)#RiA i, PRR3, ELF4ZIK4
PAK ZTLE A AP TOCLTE SR TR R N R IA &
1M LHY/CCALAH X Bf #2834 A WL & (Doyle et al,
2002; Fujiwara et al., 2008),

FELME B T AR KL T 24 CCALRILHY A
R —EFREER, Mol Big 52 TOCL)
JE B F X3RN H TOCLI R IE, 1EIE'3Z7FEJi
FETOCLEE A, AN K IUAH O I Dy B 45 M 3k
PWIELHYMICCAL R . A T iR AN /L,
Pt B B 2 A8 B AR 128 5 LHY FICCALIE K] 1 4% [X
454 1 5 R T~ (Pruneda-Paz et al., 2009), &I
Copyright © 2015 BioPublisher

TCPHE K A F 1K Kl Lo — M 45 & BICCALEL A 2 4h
T RT I  — B K171 bpI X, &N
CHE(ccal hiking expedition), {H/Z&CHEZ H#IA4E
B RILHY LK AH R X 3. CHEZE H 454 CCALEE
IR X 38/ 7 51 WGGNCCCAC, fin% ~NTBS, i#—
IRFFE R, (EW M, CCALFILHY & RIE—
TCHEMIZRIA, MAEE R, CHEFIRIA &AW,
MK CCALFILHY [ 3k S B He ik . /2R
SER MK, TOC1& @ 5CHEMSE &, KRE#
THE T —MEFA(E]2).
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Figure 2 The model of Feedback loops of core path of circadian

clock regulation in plant

R T, BFEELAN S TOCI LA LR
HZEA, B4 3&PRR3, PRR5, PRR7, PRRY.
X5 FE PR g i 1) 2 1 5 R A LA S A B R R R
LR S M R S5 IR, (R 2 (5 S 1% ik
A28 R R R~ 35 ey Sl b i 5 ke 5L A ) R A 4 52
T R 1L 1) & & R 5% #E (Mizuno and  Nakamichi,
2005), PRRAITIE&HINCTT(H JECOMTOCL
O ) PR S A I, XA SR 3 T R
F& Ref% T 40 i % 1 (Makino et al., 2000). PRR
BN A () J 3, BB LA IR L, TFAER
() DA SO 21042 1) 00) T VR At P 2 ot 7 B0 RV
F2IH (Mizuno, 2004). PRR¥EEWE T MERIFL R,
JIii 7 NPRR9-PRR7-PRR5-PRR3-TOC1 . H: ik B i
B S 52 hF 10 h A PRRY
TOC1(Matsushika et al., 2000; Strayer et al., 2000).
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IEFEN, ZFILHYFICCALM IE %, {H&PRR7
FIPRROAIAT LIFIHILHY FICCALRI A . iXFE, LHY .
CCAL. PRR7. PRROZ[HItHA I AEIERAL T 1 il
SRR, FHATRESLHY . CCALRITOCIRY R
PR s 45 K 9% & (Zeilinger et al., 2006) .

AR R R

EMEY, CKIME R AZTLE AN F 1
E3iZ G HMSCFE &V B /E 2 H il 2 an 44
PR B R e IR EE 7. Bk, kAR
AN AHCHE 7R B, CK1(casein Kinase 1)#!
CK22EAM e %O i R A R b i) R B
fif(Toh et al., 2001; Dunlap, 2004; Edery, 2005) . fE
LR T, CK2XF CCALI B IR o X 4 F7 40 e I+ AE
Yieh i) IEF D)2 A B 221 (Daniel et al., 2004).
MPRR3. PRR. PRR7. PRRILL N XCTH £ CKB4
H £ #8522 R A R W3 SN IE AR N B fs e B 2
Fafirid: 4% (Perales et al., 2006; Ding et al., 2007; Farre
and Kay, 2007; Ito et al., 2007; Fujiwara et al., 2008)

ZTLA S 8 F BT B AR AR B i e ¢ Jm
VAR E HER/EM . ZTLA LI5S TOC1IMIPRRS
i, DN SelEEnrREm e . BTfezt-1
RARRPAFAETOCLS ZTLRIAH EAEH, TOC1
AT ARFSE AT R IA (Kim et al., 2003). TOC1
EARMEGEE KA, HFHFEZTLNS .
GITE R IX A AR s ) — 01, FE DGR R, ZTL
5G4 & thigtaE, maEssitr, ZTL, G,
TOC1, PRRS U FE AR T A G 56 T B L
PRR37[ L 5TOC14E &, LMRIFTOCLZZTLA 3
)25 41 A AE FH (Para et al., 2007). TOCLHMIZTLI
FHHAE N 4R TOCLEE H AR E A & T or
PIERT, TERLEHRS, MZTLEAMRIAERR—E
FIERF, o fR P g P #F#E (Kim et al., 2003).

54 Wy R il i R AR P R B R R K

Xt 52 I A W B 1) 1 25 IR (0 R E AT 2 R Y
T, AT DA RO E Y R G TR L, F
HAT DR AR A R B A2 BEAR i A v — A R Y
SEIR o AL IR 51 A L D UL I A P Bl R 1

e M2 R4t 7 — A2 R R PLAI (Harmer et al.,2000;

Schaffer et al., 2001).

Covington(2008)if i3 #4522 /™ 41 (1) S5
R MEEAR LRI S0 400 R T4 A 32 A2 b i 42 B R 5%
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FEPR o I AP Bl 5 3k BT B R BT XA
#r, Covington&Z I 1 5 4= ¥ AH 5< 2 [ 78 E 41
AN [ IS Ta] B Be Rk AH 22 1) 3 31 oo, 0 il
[8] JGHEE (evening element, AAAATATCT). CBS
(CCA1- binding site, AAAAAATCT). ME (morning
element, AACCACGAAAAT). PBX (protein box
element, ATGGGCC). JFAI /' —Lez Wil
W B A BRI 4% . Covington (KA 78 2 1,
00T I A4 A 52 A2 e 4 i Ak B R R o TR 3R
IR =02 — ik, RIS A2 IER A& i e
FH O B A2 B g A% b K R R (0 3R AL R 32 21 A= ) b
11 4% (Covington et al., 2008) .

6/RE

YRS ST RS K
KB RS, AR 2RSS S a ik
HEZIEH, a5 NETES 5
PRBEIR B (8] A1 (8] (9 [R20 SRR 58 1 A4
Bl N AEA S RE 7 (TR /N & AR D, 2013). 4
Bl BIF 90 5 W RAAE ALY AR 82 B i (AR 4 1) 2
Wk, AATREEMREENE . PSR R
TEVII P 5% . At H AT BT R KA I 2EY)
PRIEDIAIE 2RISR TE R, IEAIRZ RAAIIAT
KRB ERRATEIZM. EE.

Y& TTHR

ZFoR WRAT FUSAT N, Soi SOkl & C
BYR AR K XRS5 3R RIRE
A T 58T SRS E BN, 2k
VR DA IR R e 2 (1 SO

Bos
ASHIE TT H i R A A AR BT AR T 7T
FITOT U T8k < 0 H 521

SR
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