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Abstract Flower opening can be divided into many types, such as opening in daytime, nighttime or opening in daytime and closure
in nighttime, single or repeated opening, and so on. In general, the process of flower opening is due to cell expansion. As
polysaccharides (starch or fructose) in petal cells convert into simple sugars, or petal cells uptake sugar from the apoplast, flower
cells raise the level of solute osmotic pressure. Many genes are involved in the determination of blooming time, and there are at least
four flowering time control signaling pathways: the photoperiod pathway, the vernalization way, the autonomous pathway and the
gibberellin way. The following contents including cell base in the process of flower opening, the molecular basis of flower opening
time and internal and external factors affecting the blossoms were focused to be reviewed in this paper.

Keywords Plants; Flower; Opening mechanism
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Figure 1 Clock of flower opening

Note: Figure A and B are from http://scienceblogs.com/clock/2007/05/carolus_linnaeus_floral_clocks.php; Figure C is designed
depending on Linnaeus' flower clock (a: Portulaca oleracea; b: Humulus lupulus; c: Pharbitis nil; d: Rosa; e: Paeonia Lactiflora; f:
Herba Taraxaci; g: Nelumbo nucifera; h: Portulaca grandiflora; i: Tagetes erecta; j: Jasminum sambac; k: Nicotiana alata; |: Lychnis
cognata; m: Telosma cordarum; n: Calonyction; o: Epiphyllum oxypetalum)
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Figure 2 The flowering process of ‘Gironde’ in vase

Note: Figure a-l is the process of the first flower opening; Figure g-o is the process of the second flower opening; Figure j-r is the
process of the third flower opening; Figure m-u is the process of the fourth flower opening

1039



TRIEASE, 2011, R PAERIITIBALEIT TR, 4> PR E R Vol.9 No.5 (doi: 10.5376/mpb.cn.2011.09.0005)

P3S4 LU P15 Detroit’ JFF AL

TE A-KO 35— AT AR R A-KON 35 2B TTAE RS KT 38 = 2R T AR m-ushy 28 DURAETT AR 7

Figure 3 The flowering process of ‘Gironde’ in vase

Note: Figure A-K is the process of the first flower opening; Figure A-K is the process of the second flower opening; Figure K-T is the

process of the third flower opening
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Figure 4 Shape of lily petals measured at the midribs in the
flowering process

Note: 1: -1.0d; 2: -0.5d; 3: -0.15d; 4: -0.05d;5:0d; 6: 0.1 d;

7:05d;8:1.5d

e P 2 R A R RS, T A7 S 3 T U R AN ]
W, AR PR AN L A . A4 A (Tulipa cvs.)4E
e 4700 0 P 8 110 e o i PR L A PN 0 A R 4 i £
fik10°C (Wood WML, 1953). JLAth 11~ 5 01 41 s A
) 3 K R e Iz B 0 T SR
(Calendula officinalis), Fk7KAili(Colchicum autumnale)
FI3# 7~ 9 (Herba Taraxaci) (Wouter G. van Doorn,
2003) . /AR TF IR AT A5 42 B T K s sl i A A&
TEME o SN 20 Mg RIS (1) 22 e A T X iz 5
A0 A K 1) 22 S PR 70 D DRT A wh K PN PR3 B A e
PRI F PR A (Kaihara S. et al, 1981).

FER BRI &, ] Rt 40 i () m i 5Kk
W[ K. &4k, XAEB AL KHE
(Gentiana) 753 THFIH o SLK: 00, ZELEE P 0 f)
LA T ARY KIMAEM E4i/N, ERLH)BE
FEAEE R R LT, SNERBEEH
IR . T AT th W 4510 2 ez 5l
EH T 400 2 s AR A

3. 2TE FF LA [B) By = B9 4 F B it

HRT, A A IO LR ) S 56 3= 22 DL R I
(Arabidopsis thaliana) 4 S8 A4 L, W5 01K BIAT
VFZ LN S 5P IR 8], IF HAfE £
RDAGAT SRR I AR I T O I i
. BB B EBREAIRE RIEA (PN A,
2009).

Rk L SN L ST AR HCCALL LHY il
TOCL=A FZEIERIR i T —ANFee (K U B, ok
TR ARCT A AN E R  APRR/TOC L5 23 [ 4
R, TR BRI R IARNE o 7R IF AR 6 E 151
Erp, SR TAMD ALY, o () SCRERE A 2 CO,
‘B 53U I AR [A] B DG (Holliday K J et al,
1999; Vb4, 2006; BRIRSE, 2006; 1R5K 404,
2005).

PNINAE(2009) 45 t, D't Sl AT 1) A DR
FEGIGANTEA(GI). CRYPTOCHROME2/FHA(CRY2).
FHYTOCHROME(PHA). FT. FWALL /X CONSTANS
(CO)%s,

LM R %5 (2003) A GMNMHT73E K 7
K 5 (Glycinemax) £¢ 2 T s 73 A 41 23 1 2238 32l
JE AR LB, GmMNMHT 5K 506 8 1 %
N AT 3 MACSS TR B AV LR

1LFd T (Arabidopsis thaliana) ', £/045 LR L
ANEN 5EFAIEIZE 5% FRIL FLC; VRNL; VRN2,
VIN3 (Lee | et al, 1993; Bastow R et al, 2004) .

MFCA. FPA. FY. LD. FLD. FLK. FVE%
FHOCHE R HETF AR AR F 5 A0V T 501 J] 40Tk
BIK, & HERIEAE TE 14, XFLC
[K)2¢15 5 4% (Simpson G G, 2004).

TERLL . /NS EE(2008) LA A A AR )4
R AT S ARAR R SEI M RE . A B0 b il R
pSKIO015 ¥ A& A R AL BEAT e 4k o Ry T W o
T-DNASRAN AR . Sl SRk A4, 34T
T ST AN ] L S AR R W ) 2 R B 4
()58 48 44 . KM IPCR (inverse PCR)FITAIL-PCR
(thermal asymmetric interlaced PCR)%5 /1%, %E T
X LG AR T-DNAJE A AT A4 1) FE 20 55 487 471
IR H 2 2 5 RT-PCR X 4 A AL A4 7 A 5 A 1
MRNAZKF-HAT T 7007, FIA %€ T 5 IFHe K%
v SPS A

1041



TRIEANAE, 2011, FPIPAEIIFBBLEIT R, AP E R Vol.9 No.5 (doi: 10.5376/mpb.cn.2011.09.0005)

SR AE T 1 R s i L kS 1 T Ok
1 . Phy BIhfig ik [ 5374 L4 fELDPI B 2 5 1L g
T FISDP = B 5 5 o ABATTPhy By g it a5 A%
WHEAES S 4 PRI, ah, RiEKR XPhy B
BEDR R B DR b SRR H 4 (RS 2) T
K (P H V) o XK WIPhy BEE R R4 T 16 2
T I — R s e ) AR e A . U
A IF AN FIPhy AL PRI 5828 b, e e 1 s 8 J#
W58 EH LA AT Phy AL SRS S 8GH S 44 T
THEIER, K, 5Phy BISFHIVEHIAHLL, Phy A
N IFAERIIE P 7, el P TR AR Ak
Mz 5 T4 (Chris Somerville, 1999).

3.3WEEF 3 F AT IATER
3.3.1%%&

2 KU IR 2 A o 5 A R B e K
TR IR R S0 £ TV T A P A e B N RO,
4r(Lilium). 7~ Hi4E (Alstroemeria aurantiaca). %
(Magnolia) #1 H Z=(Rosa) %5 . 5 K 2 H A6 T A A 1
&, EH (Hemerocallis fulva). JEJIH(Gentiana) il
A (Campanula medium)Z5: 12 /i, FE 40 AR
B A R BEVE R, TR oA i BE (1) R 2R
Bl o A7 (R AE I A L[] I 25 A7 e R R SRR, 191 N 34 48
(Chrysanthemum) &, PP 22 B 7 A6 I 80 6k
PR ERHEAT 73 AT AR P BN 5 DE K
WANEAT FE, FEAE IR P AN T 6 28 B R S
B HIIE 2, XYL R i B4 e
WCRE R, 40 B 4] E A (Sandersonia aurantiaca) 25
(Eason JR et al, 1997),

3.3.2i%

KT AETT I ) S50 - AR TP AR5 &0 B AR
M b, WIEBER IR BANEANG . o
AL 0 TR TR AN . 0T A28,
X7 S LRSS AN R . 7R — e
H, R RN TR AR, 19914F Kuiperds A
I 2R S0 IE B AR () 2F K B S T RE A T4
ARG, RGBT > X PR

[FIFE, GAIZE R AR & AR ik 2k 53 A T gal-3 76 4 H
ORI, K HIR TR, AR H
WS, AR5 FLFYFISOCLI#RIL,
DLE I 75 87 25 R A A B0 K H RS R IR AR

%, (Sun T Petal, 1994).

ABA T L {7 2 7% (Pharbitis nil) ¥) I Ji .
Koning (1986) 74 &5 K, ABAMIEH &N T
77 . Kaihara and Takimoto (1983)3 i 246 1A
N AR T2 IAAFTSEL . T IAAWKEE DL &
YEFR AN, el {2 g sl i L A

3.3.3%

A0 AR K AR A BRARAR R Eln FFICR 1)
EEDIAE, a0 LS g, PR K
PR, SR, B, — SR IE T
JECRI IR, 0] fE 24 58 44 25 . Trolinders%(1993)
(PR (Gossypium spp.) S5 R B, AEAK L 1 BT
AR F AR I B b A KR, AR
IEATY RSO, T8 WA A A ARL 420 (1 A 38 2 Wl 17
KA o

345NEEF X FIERATER
341X FILBIIER

VF 2 A B A JE A K BT e 52 HHAC . 1920
4, GamerFlAllard B CUE A 6 B F il Rk fE . 1940
fF, HamnerdgHi, MY S HIMKRE, MidEs i
K. 19524F, Borthwich% g, JefaE&szok
SN I AR, T T OGRS AL
PIVE RS H2I19954F, SmithAFqH, JelE
ANFEPH I DI REE S AR EAA K. HE, b
TR AR D A I e IS BILH P AR R 40 7 LS AN 72
431 % (Chris Somerville, 1999).

MY A F EAFE YD R ZAROLHERA,
B, D, ESZM) MG (R 2 AA(RR %0k, 2001). ARG ST
phyAZE AR A () phyAfig it FF4E (Lin C, 2000), phyB
FETTAE A s A (Lin C, 2000; Blazgue A MA,
1999). phyD 5 phyB—#f, &I 4&H & $i il 7 H
(Mockler T C, 1999; Devlin P E, 1999). uI%AYE
phyBFEARAATS 52, phyERAZAARFFAS B I H B 7Y
(1724, IX 3L phyE ) D e AL T-phyB 1) D fie
Bl phyE th x5 468 2140 41 /5 H (Devlin P E, 1999;
Lin C, 1996). crylfilcry2E I 4xH #8 LA e RN,
(Lin C, 2000).

3.4.2,RE X FFIEHIEFR
VR AT AR AR IOAG 25 . i IR A, LR E

W R (L ' R RASE A R 2 B A ORI I [
1042



TRIEANAE, 2011, FPIPAEIIFBBLEIT R, AP E R Vol.9 No.5 (doi: 10.5376/mpb.cn.2011.09.0005)

(David R. Smyth, 2005). 1, = % (Hemerocallis
fulva)il i AE W — K, AR L RO T A PR,
TEI0 H R H3RK o AR TT AR I (1) A2 B 0 e s A2 4k
BRI EAR AL AR . — SR S R, G
IRBE R 710 R . LA S s,
2 —Fh 3 R 1~ (Hayama R, 2003) . i & G A 4048
ITFA U S B AT BEAFAE, (IR EAs b L.

AFREE

6 00 FF IO A R 5 S 2410, IIAE B A e
5%, JuH R TF (Arabidopsis thaliana) kA4 )4
Wyeh oy 7 MU FC A 1R 1 R R s 7 AT
TR RR I BR AR, AR BLAEATS A 1R 22 A 0 i) A 75 22
GREARE . (V)FEFHITFALI 5> T AU T 2 S
FEE B RGMTER 2 (2) HATHIWEFT =24+
A W FFAE A M L, T I PR X R AR I T () A
TR . WA AR A I AR R T RS R
PO TR R AL AT 4 2 A SRR X A LR )
G SR U] PRI R 2 (3) 4 i 7] B 1
AL, B WA 5 40 il 47 57 COIZRIA T HE? (4)
TE A A el Ak v A T8 T TR A 11 177 50 9 A ok
Fio (5)a BRI Z vk e 45 W AMUAE e ELAT AN R () A K
TR, DU RN B A 2 A7 AT AR )
KZR? (6)F L A ORI 5% A (A8 10 T 1E M A ]
PIFLEEATA 2 (7) etk T A, 555 Tl i
ST A7 DL s ) J ) i pe R AT R T AR
O\ ER R FFAE ML, AT S e b T AR R F AT ]
NS A3/

e ok

FRIEA S 5KA FIAN B 5 ROR AT TUIE RE (KR T vt Al
WFFTRE LA RAT N5 5K B D [ 58 i N A SRR g ac
AIHEEL s SROCANAN B SR S W8 SRR IR 5 4 S8 ST
RO RIE R 5 TAF; BSERO2 RS IS KTt N, 47T
WHLH I BT CEAE S B W #R I 3f
[CIFSEE22 310 B e

Bt

AR HE R C— A BHEEI R IE
(2006BADO07B10); [ 5 H 28 F} 2% 3 4 ¥ 1 (31071815);
FMJR “948” T H (2006-4-85) % B . A it AL e bkl
K2 B VL B B AR R AN 28 A 1 o SR W9 A7 B 44 11
AT VP A N VT o ORI 5 13

S 3k

Bastow R., Mylne J.S., Lister C., Lippman Z., Martienssen
R.A., and Dean C., 2004, Vernalization requires epigenetic
silencing of FLC by histone methylation, Nature, 427(6970):
164-167

Bieleski R.L., Elgar H.J., Heyes J.A., and Woolf A.B., 2000,
Flower opening in Asiatic lily is a rapid process controlled
by dark-light cycling, Annals of Botany, 86: 1169-1174

Blazgue A.M.A., and Weigel D., 1999, Independent regulation
of flowering by phytochrome B and gibberellins in
Avrabidopsis, Plant Physiol, 120: 1025-1032

Chen X., Li S.Y,, Wu L.C., Wang C.L., and Chen Y.H., 2006,
Molecular mechanisms of photoperiod actions on plant
flowering, Acta Bot. Boreal. Occident, Since, 26(7):
1490-1496 (Wkie, Mg, RIEM, ERI, KEZH
2006, StV MRIAE I K 2r T HLE], PE B R,
26(7): 1490-1496)

Chris S., and Shauna S., 1999, Plant functional genomics,
Science, 285:380-383

David R., and Smyth, 2005, Morphogenesis of Flowers-Our
Evolving View, The Plant Cell, 17:330-341

Devlin PE., Patel S.R., and Wlhite Lam GC., 1999,
Phytochrome E influences internode elongation and
flowering time in Arabidopsis, Plant Cell, 10: 1479-1488

Eason J.R., de Vre L.A., Somerfield S.D., and Heyes J.A., 1997,
Physiological changes associated with Sandersonia aurantiaca
flower senescence in response to sugar. Postharvest
Biology and Technology, 12: 43-50

Hayama R., and Coupland G, 2003, Shedding light on the
circadian clock and the photoperiodic control of flowering,
Current Opinion in Plant Biology, 6: 13-19

Holliday K.J., and Hudson M.N.M., 1999, Pocl an Arabidopsis
mutant perturbed in phytochrome signaling because of a
TDNA insertion in the promoter of PIF3, a gene encoding a
phytochrome interacting bHIH protein, Proc Natl Acad Sci
USA, 96: 5832-5837

Huang L.H., Xiao X.J., QinX.J., Qin Y.Z., Zhao X.Y.,, Li Y.,
Tang D.Y., Guo X.H., and Liu X.M., 2008, Screening of
an library ofarabidopsis photoperiod flowerm utants and
characterization Of m utant genes, Life Science Research,
12: 247-252 (BHZRLL, GN/DES, ZHEZ, BN, 0
JEAE, FRFAL, Xk, 2008, FREIF O EIIITAE5E
AR T MIRELRI R S, A RRERIETT, 12: 247-252)

Kaihara S., and Takimoto A., 1981, Physical basis of flower
opening in Pharbitis nil, Plant and Cell Physiology, 22:
307-310

1043



TRIEANAE, 2011, FPIPAEIIFBBLEIT R, AP E R Vol.9 No.5 (doi: 10.5376/mpb.cn.2011.09.0005)

Koning R.E., 1986, The role of ethylene in corolla unfolding
inlpomoea nil (Convolvulaceae), American Journal of
Botany, 73: 152-155

Lee 1., and Bleecker A., 1993, Amasino R.Analysisi of
naturally occurring late flowering in Arabidopsis thaliana,
Mol. Gen. Genet, 237: 171-176

Lin C., Ahmad M., and Cashmore A.R., 1996, Arabidopsis

in mediating blue

growth and

cryptochrome is soluble prote
light-dependent  regulation of plant
development, Plant J, 10: 893-902

Lin C., 2000, Photoreceptors and regulation of flowering, Plant
Physiol, 123(1): 17-27

Linnaeus C., 1751, Linnaeus’ Philosophia Botanica, # 5| H
http://scienceblogs.com/clock/2007/05/carolus_linnaeus
_floral_clocks.php

Ma Q.B., Han T.F, Xu V.Y, and Zhong K., 2003, The
expression pattern of GmNMH7 gene during flowering
induction, floral development and flowering reversion in
soybean, Mdecular Plant Breeding, 1:579-580 ()3 #¥,
WRE, fhaig, P, 2003, GMNMHT7HER 71K & &
FES R FHHEE R RS, Tl s
i, 1: 579-580)

Mockler T.C, Guo M., and Yangh, 1999, Antagonistic actions
of Arabidopsis Crytochomes and Phytochrome B in the
regulation of floral induction, Development, 126: 2073-2082

Reid M.S., and Evans R.Y., 1986, Control of cut flower opening,
Acta Horticulturae, 181: 45-54

Roderick B., 2000, Mechanical Aspects of rapid flower opening
in asiatic lily, Annals of Botany, 86: 1175-1183

Sha L.H., Wang Y., Liu ZW., Cai M., Yuan P.G.., and Chen
X.C., 2006, Molecular mechanism of photoperiodic
response controlling flowering time in plant, ACTA
Abriculturae boreali-sinica, 21: 12-15 (¥b5Z4, 3, x|
B, B, BOTZ, BRI, 2006, REPITAEG AR
) TR, AR A4, 21: 12-15)

Shao H.B., 2001, The regulation and control of flowering time
and photoreceptors in higher plants, Life Science Research,
5: 154-160 (fi8%: %%, 2001, a5 M4 TFAE AR IR 45 5
6K, HEATRHERTST, 5: 154-160)

Simpson G.G, Dijkwel P.P., and Quesada V., 2004, FY is an
RNA 3end-processing factor that interacts with FCA to
control the Arabidopsis floral transition, Cell, 6: 777-787

Sun L., and Xu Q.J., 2009, Molecular m echanisms of the
signals integration of floral inductive pathways in high
plants, Letters in Biotechnology, 20: 885-890 (#Mil, #4%)r

L, 2009, =% YL P IRAAE S BAI Tl
WA, 20: 885-890)

Sun TP, and Kamiya Y., 1994, The Arabidopsis gal locus
encodes the cyciase entkanrene synthetase of gibberellin
biosynthesis, Plant Cell, 6(10): 1509-1518

Trolinder N.L., McMichael B.L., and Upchurch D.R., 1993,
Waterrelations of cotton flower petals and fruit, Plant, Cell
andEnvironment, 16: 755-760

Wood WML, 1953, Thermonasty in tulip and crocus flowers,
Journal of Experimental Botany, 4: 65-77

Wouter G. van Doorn, 2003, Flower opening and closure: a
review, Journal of Experimental Botany, 54: 1801-1812

Xu Z.H., Zhao X.G, and He Y.K., 2005, Research Progress of
M olecular M echanism of the circadian clock in arabidopsis,
Chinese Bulletin of Botany, 22(3): 341-349 (fRik4r, &
e, fZ5 £, 2005, $LREF+ MBS THLHINT S RERE,
Hi¥ 204, 22(3): 341-349

b -

r

5"Publisher & — 8 H THl 2% 5 b A48 i+ 3

,.:-Pubiiaha("’ ]ﬁ"F‘ﬁ
{E5"Publisher b 321 30, ATl A Al LA S O £ £ H s 48 11 i

ATV, I SCHESZ A 1) o 0L R V1l

HIELR B R, B30T, WAL ER

SEFFRICHLR] ATl A0 mT G B 2 1) DG PR )

sethflbla, TR AR R S s S e

XAE MR fEEIRA R A A SR

{ELE4E RS hup:/Sth.sophiapublisher.com

1044



Administrator
新建图章


	评述与展望 
	Review and Progress 
	植物中花的开放机制研究进展 
	Progress of the Study on Mechanisms of Flower Opening in Plant 
	摘  要
	Abstract
	关键词
	Keywords
	研究背景 
	1花的开放种类 
	2花开放的物理过程
	3花开放的机制 
	3.1花开放过程的细胞基础 
	3.2花开放时间确定的分子基础 
	3.3内源因子对开花的调节作用 
	3.3.1糖 
	3.3.2激素 
	3.3.3水 

	3.4外源因子对开花的调节作用 
	3.4.1光对开花的作用 
	3.4.2温度对开花的作用 


	4展望 
	作者贡献
	致谢 
	参考文献 
	图1
	图2 
	图3
	图4

