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Expressions of A-type and C-type Cyclins Induced by Exogenous
Cytokinin Treatment on Leaf Blades and Calli of Rice
(Oryza sativa L.)
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ABSTRACT The expression patterns of cyclin genes, which play a crucial role on cell cycle control, were
analyzed with rice calli and leaf blades from seedlings. When callus was transferred from media containing the
combinations of 2,4-D and kinetin under the dark conditions to medium supplemented with cytokinin-only on
7 days after the cultures, the expression levels of A-, B- and C-type cyclins from callus were increased sig-
nificantly. Despite the fact that cyclin genes were well expressed on leaf blades rather than other organs in rice
seedlings, rice leaf blades grown on the medium containing various combinations and concentrations of
cytokinin for 24 hours had no major effect on the expression patterns of cyclins except zeatin. The relation
between cytokinin regulation and the expression of cyclins of rice is discussed.

Key words: Callus, cyclin, cytokinin, rice

N B 2 I SAEC] AFEolA e, HEdAE dA S F
#9] cyclin #4444 (A, B, C, D, H type)o] HirHv}

A4o] ubale]] 9lojx] FQ 3 @ AR AL HX F (Renaudin et al. 1996; Vandepoele et al. 2002).

71¢] Z#& cyclin¥} cyclin dependent kinase (CDK)£] 21 8-0) ABAo]] 9lojA] cytokinind ©hEB] A E-o] A
ZH-| o) o]Fo]Ar} (Dewitte and Murray 2003). L FEROZA ] FLMWul olldl AR B AlF o
% cyclin #4232 CDK @Al 8ol 74 A 9 A2 A T A S3 22 signaling pathwayel] 9lo] w]-¢- =

olu] R} HE 183 AEA 1 FHRRES 2 2.5 g8 31 2l o (Rashotte et al. 2003), <L iso-
pentenyl transferase (Kakimoto 2003; Kasagara et al. 2004),
cytokinin oxidase (Houba-Herin et al. 1999; Morris et al.

1999; Massonneau et al. 2004) 52} -2 cytokinin A3t
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Gol| @ FE Fojdte AoF B HojA Utk
of7]gthel B3t cytokinino] cde2 A2 LHol
S U|x]= Ao E B Eo)x o (Hemerly et al. 1993),
Gy 719 S 7]2] ZAel| S njx]E= D-type cycling
o) & o]t} (Riou-Khamlichi et al. 1999).

of7)gd et vh A 2 Wl = fA 57FA] 9] cyclin
ARZo] B FHojx ) (Sauter et al. 1995; Umeda
et al. 1999; Yamaguchi et al. 2000), o7} =4t A7 H 2]
FAME Aol whebA A-type (Os;cycdl; 1), B-type (Os;
cyeB2;1, Os;cyeB2,2), C-type (Os,cycC; 1), D-type (Os,cycD)
183l H-type (Os;eycH NZE EF¥ o] 2tk cycAl;l€]
A%, ¥ B9 In sire hybridization2 53+ 248 &
8 Gi 7]oll Al M 7] Z27]7t4] wd s, ¥hd cycB2;0s;13}
cycB2;0s;22] 749, M7| $7] 74A] Hdd= A0E KB
9t} (Umeda et al, 1999). T3t gibberelling A #] 3} deep-
water rice®] HA7HEAZA oM cycB2;0s;13} cycB2;0s;22]
transcript®] @&o] F7}gctan B AFE YY) (Sauter et al.
1995). At wljoA] Os;cycH; 1= S 7104 7H3 wo] 23
=210, yeast two-hybrid assayZ 534} B R2 kinase$}
9] interactiong E3J4] CDK-Activating Kinase (CAK) 7]
2 71A 2 9J&°] Bt (Yamaguchi et al, 2000;
2003). C-type cyclin®} D-type cyclin®] %, 5234 4
7] AE HnE TN A ot of 1 HEE 7]
T3 Al tisid e B FojAA] otk

o} 7] Aol A D-type cyclin®] 23 o] cytokininol] 2]3)
%4 50jAE B (Riou-Khamlichi et al. 1999)7} 1912
U o3 A E F7]e] #EE cyclin®] 33 cytokinin}
of Aol gk A wig- vulehy, 53] wojA A&
A s 28 g3t X F7] FH FHAE $Ed o
dAME B AF7F IR @Fgirt =3 H e cyclin
AAE] cytokinin# A F7] 270l HefAE 2 @
& ro] od3FS W o (data not shown), 37 ZAdl| w}
£ cyclin f12ke] 2& AL o} cytokinin}e] Aol
3 AAAHA A7t Fas.

2 AFoE A& AE F7]9 cytokinin®] Z-§ A}
olol A% AuHE TR 93 WolA] wel w77}
A cyclin FAAE (Lee et al. 2003; Sauter et al. 1995;
Umeda et al. 1999; Yamaguchi et al. 2000)0] Zz| 2 vk
4 %ol auxin cytokinine] 2ol & W= E Ft
& Hz AR o, 53] He] gGalell 3lojA cytokinin
o] Ffroll W& 770 cyclin FHAES] TH AEE FAS)

Ak

M ¥ W
M=AZ9| A

Cytokinin &9} 9|5 ] ako] w2 ¥ g4lel| A cyclin
TR &d FIE 28] sk, B E215 30T
Hj7]o| A 297 dola|Z] &, 16A17F B2, 8AIZF ¢z
A st A 25TE FAIBHAA AT 1593 sk
B 9] 9ol AHAE )3 35}e] 37}4] cytokinin (zeatin, kinetin,
9] 3l 6-benzyladenine (BA))o] 43t 5% (42 0, 0.1,
0.5 mg/L)& =29 Bs 1A v}A| (Gamborg et al. 1968)|
&7/ 24X A2kt

A Rt S2F e

A0 glol cytokinin o] wHE cyclin f744e]
T A5g EXal) da F9E A7 E2 (Orvza sa-

tiva L. cv. llpoum)E 70% ethanol®} 50% sodium hypoch-
lorited]] W AEsle] Wity filter paperZ %7 E7|&
AAZ ), 0.8% phytagelo] TFHE 7 A2 84 59
t}. ¥jx]= 2,4-Dichlorophenoxyacetic acid (2,4-D)7} 2
mg/L E3HE Bs HiAE o] &35tk ol F Ax FEE
Hated 27TCAA 409 H= MY st F=E A
Z 02 g% ol U v L 239 A8 528 A
g 98I mE2o] Yl Bs uiA| el A ThA] 24A3F st
Ak oA FHlE AY2E HE 3EFOR O, 2, 4
mg/L 2,4-D%} 0, 0.1, 0.5 mg/L Kinetin7} 7% H&]® 4l
Aol &A viFskaAct.

Total RNA 22| 2 ¢cDNA &4

A s2o] Aejd Aelxs) vle] 238 747 02 g
2 A% F A4 Anol FE SEAA ofF vlAS
3 & RNeasy mini kit (Qiagen, Germany)E ©]-§-3}o
total RNAE &35t o]g A £2]3 total RNA 5ugs
molony murine leukemia virus reverse transcriptase (M-
MLV RT, Promega Co., USA)E ¢|&3}o] cDNAE A
a3

NETI| - 7EA & dx

MHI

.i
=

FA2sE SE Aeac) v A4e) 220 glopd 4]
£57) B AL H P& RTPCRE 437
34 primer setE A A3IHTH (Table 1). A& 3 219]
ol W cyclin 4459 2d ARE EA4s17] 984
32| Aeld A9t 228 &1 F Joubeso] B
(Joubes et al. 1999; 2000)2 H&s}o] Semi-quantitative
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Table 1. Set of PCR primers used to amplify gene-specific regions and corresponding sizes of cyclin genes

Genes Primer sequence (5’—3°) Exspizc;ted ( Aclz:;f:ir::x:e;o.)
e e o e
cyeB2| Antsense - socsagitergner 183 (GL:6331703)
cyeB22 Amiseise | mestagaatromE s (GL1694891)

eyec Antsens : mgpgaatagtcetetgang? 139 (GL1695697)

cyeD Antstae | geeptotamapteg 119 (GL18916915)

cyeH Antsense : catancancagatcmmetas 145 (GL9796395)

RT-PCRE 48313ith. Zzte] =x oz W F£u)5 5 yg  titative RT-PCRE o] &84} RT-PCRo|F9] Southern

9] total RNAZE o]-&5}e] ¢cDNAZE A48l & 1 A7E2
1/10 2.2 3)A3}o] semi-quantitative RT-PCR ¥F2-2 =3

cyclin -4 7\}94 ke 2k e vl walgg E cyclin F-AA}
9] PCR HbE A& gt 44 Hlﬁi P 412 densi-
tometer (AC1 AutoChemi System, UK)E Al-85}o] A g

A 3

Zn ¥ 1%

HO| Z{AA auxini} cytokinin H2jof TE
FHAES g 2

cyclin

F wiAlel H7kd 4 4
Aelzo) 4H We S
stel FAvE fEd A 4% 43 528 ¢
1= Bs 1A wjx)o] 24417 M2l 3k & 2,4-D9} kinetino] I
7HEL SA] 1ol A gaked 79 Bk o elol A #Y st
o} (Figure 1A). of% A8 44 522 Helo] a7
ol 519) o Wi <t Ul g o AT 2o
9% Yejol Wshs BANA Yorow, Aelx ¥ug F
delh 43 S 8 Aol ol W
Hgo| B4 A Lo} AEwA Hel F EE WA
59k Northern blot hybridi-

GAEE EA {FHAHY ®
zationg- ©]-g-&lo] FAls} o] drkA ol cyclino]t}
=] 2] W eke HAFHo R

CDK #2 AxF7] #A &

223 Wol| wraekol @] grol Northern hybridization ©
2= AZo] 2 A @=th E3 cyclin ®i= CDKS 7+
Zte] type Zhell T type WolX® A7IA A s ol
60% o]/ (Vandepoele et al. 2002)0.2 of|-¢- Fo} 54 F
2ol vES BEA35L7] 984 = Northern hybridization
o] galdolA] gfon YutH o R X to|| = semi-quan-

]
Nk
L
T

A
Gl

hybridizationg 33t} (Ferreira et al. 1994; Joubes et
al. 1999; 2000). welx A& A T2 Fo] g AgA
Fh cyclin RS HE oBdS ZAFE] Y8 semi-
quantitative RT-PCRel| 2]3} A akia-8 5=a)519t} (Figure
1B). Bjg} e ol|A 2,4-DRF T HEgh 4 52 2,4-D
o} kinetino] Ao *2] & H-f, F-E] cyclin FHAE
o Wl e A T2ES WA B AeIA A
W) 29) §A1E BA PP wAFUT (Figure 1B). 2e)
L} kinetin?h& -3kl 9l w4 HiGFE e 2ol A

54 cyclin 2H=9) Wdgo] F7FsFAH. C-type cy-
chnA 39, kinetine] E017F vl x| o} A kinetino] % 7} A

- callusell Hlako] of 108 o) 71 %%a] 27k,
EE?f} A-type cyclinQ] cycA;19} B-type cyclin?] cycB2;l
A 1% 104 )40 AGE 5, B, Dipe
cyclin®} H-type cyclinol| A= =2 9 o] &7/ Yeht

2] gokom, 2-& B-type cyclin®! cycB2;20l = el

o] Z7+& Holx] ¢kttt (Figure 10). o]2{3 A 748
2oA AFEESE 01] ##9 cyclin FAAESY HE 2o
cytokinin®l] 93] J&e D=l AL L AQL, o7

) el A ZH2te] cyclin frAR}Eo] &5 cytokinin
H7tol o M2 2 A B A= A7 A7 (Fuerst et
al. 1996)} FARSH A3 RoFrh ¥HH, of 7174 9
D-type cylcin -7 xF2] ¥ o] 2]¥ cytokinin H7}2 <13
Z7}8l= X3 (Riou-Khamlichi et al. 1999)9}+= o2 4 H
AAE 2 HEd o] flASE & T U 2318, 9
B cytokinin®] 9 gke| ]3] A-, B-, C-type cyclin&2] dt
fo] Z71Eo2M o7 Fulsle daA FBE W Ao
2 ®ofzirk

HO 7|24 cyclin FRASS| LHAA

Bl 2] 7]

& oyclin $7HE) HH YR B3
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Figure 1. Analysis of cyclin gene expressions in rice callus
treated by combination of 2,4-D and kinetin. (A) Culture of
callus on Gamborg Bs media containing 0-4 mg/L of 2,4-D
and/or 0-0.5 mg/L of kinetin. (B) Expression patterns of cycle
genes in phytohormone-treated callus. (C) Quantitative analysis
of cycle genes in phytohormone-treated callus. Quantitative
analysis was performed by densitometer.

7] 3 FouiRlel A 159 5 ARl B dAe o,
Z7)] 2 g2 B total RNAE £2)8 &, semi-quanti-
tative RT-PCR-& o]-8-3to] Z}7}e] cyclin f-44}2] 23S
22 3ty (Flgure 2A). 21 Eof|A A-7} B-type cyclin
AAEe] 7%, 2719 Welel Ao 29, ol Ysh el 2
ol NZED S 7HE 7] AollA F2 2 Holxm, A
28 7|3E FAFR= A ZAA AR o2 W Fc) (Chau-

cycB2;1
cyeB2;2

actin

l C‘ch

Relative expression
of cyclin genes

Leaf Root Stein

Figure 2. Analysis of cyclin gene expressions in various
organs from rice seedlings. (A) Expression patterns of cycle
genes from leaf, root and stem in rice seedling. (B) Quan-
titative analysis of cycle genes from leaf, root and stem in rice
seedling. Quantitative analysis was performed by densitometer.

bet-Gigot, 2000). CycAl& A& A Cycd2 1} CycA3dl] ]
3 2 L] e Rog R Hojx] Y, Foh} &
Ao Ze AEolM = 719 o] JAroA F538)

Al B3 FHo]zT} (Kouchi et al. 1995; Szarka et al. 1995).
H AT vl R 2 cycAl;l BEHL £7)¢} M)
A Aglont, oAl 3] ol go] WasoE Ao
BEE QT cyeB2; 1A% 7|4 Bald vls] B o]
7 A AT dollA] O & RS Bk o7

ole] Betype cyclint} & 47149 FAE 7HI3 9k

alfalfa®] cyeMs29] ZS-o|® ojdoly} Azl 1] 3o}
e BExx59s zle 7|33 dg uiekoA] o 2d

ol EA vEhtoy A&g 7]l e EEe] A U
Efbz] @t} (Hirt et al. 1992). ¥bd cyeB2;29] W3 &
Z2] BolA o & VehA] 99kon, cyeB2;13 THE 73k
< Uehiith of 71 %ol A cyeB2;19] IptE o B o)
ZZA7| 1 (Doerner et al. 1996), cycB2;27} zgt

de A Wl ME A7)y FTkehE Aglol #
2]o] AAro] 7HEE ATk B3 (Lee et al. 2003)¢} 8] &}
gk © AR A7)l A RE T E o x| =

F

[e2
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Aoz o s ojxek C-type cyclin®] 7% cycAl;13} v}
A7HAR v ]l vlsiA QoA e S B

C-type cyclin®} 7%4-, CDK8¥} <3 7%]|o] carboxy-terminal
domain (CTD)9l| kinase activity % &A3}A]7)= 98-S 5t
o Rl 2] Aol ATt (Rickert et al. 1996; Ya-
maguchi et al. 2000). o}&7}x] C-type cycling] @& o] 2|
ol M X3z Akl disfix] A7teul gloh, B AAdelA

v} 7)o HE) o1 wrd o] we o] dEEg o
ﬂliﬂﬁi ZA 5o W S Kol AoE Hof
zltk. D-type cyclin®] 791 7% zbel| wd o] Wk}
ATt (Figure 2B). o7]74tHe] 749~ D-type cyclin '&d
& REF 223 g dAdE v e 22 F
9] D-type cycliniz tol|l = £38lsli= A2 weh 2

Tk CYCD4;19) & &1, il 7 a8a &
W& 2] Wy daEold glen, CYCD3 I+ 24
R E719F dxHdA 2 ¥k CYCDI g 3P A
F 7 W EY) (Dewitte and Murray 2003).

BHAIRE Holl M D-type cyclinoll thek A= A71MLE &
A ol9lo] Jasjol i} glon, of 71tk the Al Aol
A F37 Holzoxn W E|A] ¢ktt} (Figure 2B). cycHI
o] 74§ At} & afo]i HolA gkgten, AFEelA

1 wE ek wolrhis AR m
(Yamaguchi et al. 2000)9} 7+ ZAyE: Aol ujehA
cycAL;l, cyeB2;1 Z18]1 cycHl %59 42 vhE 4&
¥} ko] 22 gl el #zhE 9l o), D-type cyclin

o) 3%, f7) sk we) 2E 2o 9E e A
o7t %L, Crtype cycling] A%, WoAli Agon =
4 ooz geld wEEE Al sk

tH AMES S5 cytokinin EHE cyclin SEXS2)|

M) 2ol A cytokinine]] €]3F cyclin £ 25 2 )
Rk Aol gl el A cyelin frHxRRe] o] i
Al VEPEE (1A cytokinin®] FE} F5el wHE ¢
AR B S RALSEATE o ) 37k
9] cytokinino] FEHZ Z3HF Bs 1A vl OS
WAL S/ 24417F WIEF cyclin §4752]
& semi-quantitative RT-PCRE o} &-3}o] u]uls)
(Figure 3). A% 2328 WA 2 wjx]ofA] s
&k 7 9-9f vlaLste] B F539] cytokininel] €J¢k cyclin
geneiro] WSk WMz & zpoli Holx] gytt apAT
£ 2319 cytokininiiol] H]8) zeatino] EThE Hlj=]of
Al AN A C-type cyclinz} D-type cyclin 52 *}
o] e H&] tha Frbshe 4
- X113, H-type cyclin®} B-type cyclin $ & z}&9] vt
ARtA o g e Aig HolFQdrt

I—"l

let1

cyclin 3 2FE

‘s 1o

(

o oo%h mn ot ﬁ
s r

flo

CDK (R2 cDNA)o| #ara@ el woj A cytokining %23
A 0% oA callus7} FEEE PAlo] BaE g oH
o] 2] B 2] R2 ¢DNA7} cytokinin®] 2]%} signal transduc-
tion¥} B o] ¢&o] A& HuHAr} (Yamaguchi et al.
2003). =T Hafje] A= cytokmm/] o] 28} tyrosin
phosphatase 2] &ol4tsl7} & olojx CDKe] &4o]
R AXEE Gol4 M 7]i Zdolﬂ Aol tg HofF
21tk (Zhang et al. 2005). &A%t cytokininT} cyclin¥}e] &
A A SF5E o|gsto] oA Fet cyclin D27}
cytokinin®] xzje]] ojsf walo] FEEth= B (Guticrrez
et al. 2005) o]9]o] 4= 44 5223} cyclin Ato]o] 43
A disME d4 2Rart BA fth weba ohekst
”“"’ﬂ/‘i AR ARAF o] A SEEY Ao u)
2 AZF7] A GEEAL X7 B fHAE
= 7]‘35—4% Asl) AAAR] A7 Lok
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Figure 3. Analysis of cyclin gene expressions in rice leaf blades
under different kinds of cytokinin. Leaf blades from seedlings
were cultured on Gamborg Bs media containing various cyo-
kinins, zeatin, kinetin and BA respectively. Quantitative analysis
was performed by densitometer.
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AE F7]1e] 24 9lo] Fa% 93e st e
cyclin FRAAEES] Ldd IS oA =3 Aexs)
FalE o]&ste BFH) 53] AAE o] &3 B4
A} 2,4-Ds} kinetino] Z3He wjA] o} 7Y F<F oF wjok

g o A-, B,

3t & o]& cytokinin{to] A7t M2 &
C-type cyclin fAA52] B&o] o Z7 = ek E3F H
A Z 7] @l A cyclin Ak HHYS FA AT

2 7]1#E9) nla] oA A-, B, C-type cyclin §A25
o] t] Wol Wdatgl ot el cytokinin®] FH FEE

2 Aelste] 2441759 wlYet Aol M= zeating
A Q)&= cytokinin®] F7F9} %] cyclin -F-HRE] W
ol 2 JFS VAR BFS 4 5 Aok B Al
= ¥ cyclin A2k} DT A ENF2HEA Moo A
& BA @A Z2ARII T

N
aQ
=
j=1

oIgEd

Chaubet-Gigot N (2000) Plant A-type cyclins. Plant Mol Biol
43: 659-675

Dewitte W, Murray JA (2003) The plant cell cycle. Annu Rev
Plant Biol 54: 235-264

Doerner P, Jorgensen JE, You R, Steppuhn J, Lamb C
(1996) Control of root growth and development by cyclin
expression. Nature 380: 520-523

Ferreira P, Hemerly A, de Almeida Engler J, Bergounioux C,
Burssens S, Van Montagu M, Engler G, Inze D (1994)
Three discrete classes of Arabidopsis cyclins are expressed
during different intervals of the cell cycle. Proc Natl Acad
Sci USA 91: 11313-11317

Fuerst RA, Soni R, Murray JA, Lindsey K (1996) Modulation
of cyclin transcript levels in cultured cells of Arabidopsis
thaliana. Plant Physiol 112: 1023-33

Gamborg OL, Miller RA, Ojima K (1968) Nutrient require-
ments of suspension cultures of soybean root cells. Exp
Cell Res 50: 151-158

Gutierrez R, Quiroz-Figueroa F, Vazquez-Ramos JM (2005)
Maize cyclin d2 expression, associated kinase activity and
effect of phytohormones during germination. Plant Cell
Physiol 46: 166-173

Hemerly AS, Ferreira P, de Almeida Engler J, Van Montagu
M, Engler G, Inze D (1993) cdc2a expression in Arabi-
dopsis is linked with competence for cell division. Plant
Cell 5: 1711-1723

Hirt H, Mink M, Pfosser M, Bogre L, Gyorgyey J, Jonak C,
Gartner A, Dudits D, Heberle-Bors E (1992) Alfalfa cy-
clins: differential expression during the cell cycle and in
plant organs. Plant Cell 4: 1531-1538

Houba-Herin N, Pethe C, d'Alayer J, Laloue M (1999)

Cytokinin oxidase from Zea mays: purification, cDNA
cloning and expression in moss protoplasts. Plant J 17:
615-626

Joubes J, Phan TH, Just D, Rothan C, Bergounioux C,
Raymond P, Chevalier C (1999) Molecular and biochemical
characterization of the involvement of cyclin-dependent
kinase A during the early development of tomato fruit.
Plant Physiol 121: 857-869

Joubes J, Walsh D, Raymond P, Chevalier C (2000) Mole-
cular characterization of the expression of distinct classes
of cyclins during the early development of tomato fruit.
Planta 211: 430-439

Kakimoto T (2003) Perception and signal transduction of
cytokinins. Annu Rev Plant Biol 54: 605-627

Kasahara H, Takei K, Ueda N, Hishiyama S, Yamaya T,
Kamiya Y, Yamaguchi S, Sakakibara S (2004) Distinct
isoprenoid origins of cis- and trans-zeatin biosyntheses in
Arabidopsis. J Biol Chem 279: 14049-14054

Kouchi H, Sekine M, Hata S (1995) Distinct classes of
mitotic cyclins are differentially expressed in the soybean
shoot apex during the cell cycle. Plant Cell 7: 1143-1155

Lee J, Das A, Yamaguchi M, Hashimoto J, Tsutsumi N,
Uchimiya H, Umeda M (2003) Cell cycle function of a rice
B2-type cyclin interacting with a B-type cyclin-dependent
kinase. Plant J 34: 417-425

Massonneau A, Houba-Herin N, Pethe C, Madzak C, Falque
M, Mercy M, Kopecny D, Majira A, Rogowsky P, Laloue M
(2004) Maize cytokinin oxidase genes: differential expression
and cloning of two new cDNAs. J Exp Bot 55: 2549-2557

Morris RO, Bilyeu KD, Laskey JG, Cheikh NN (1999)
Isolation of a gene encoding a glycosylated cytokinin
oxdase from maize. Biochem Biophys Res Commun 255:
1998-2011

Rashotte AM, Carson SD, To JP, Kieber JJ (2003) Ex-
pression profiling of cytokinin action in Arabidopsis. Plant
Physiol 132: 1998-2011

Renaudin JP, Doonan JH, Freeman D, Hashimoto J, Hirt H,
Inze D, Jacobs, T, Kouchi H, Rouze P, Sauter M, Savoure
A, Sorrell DA, Sundaresan V, Murray JA (1996) Plant
cyclins: a unified nomenclature for plant A-, B- and
D-type cyclins based on sequence organization. Plant Mol
Biol 32:1003-1018

Rickert P, Seghezzi W, Shanahan F, Cho H, Lees E (1996)
Cyclin C/CDK8 is a novel CTD kinase associated with
RNA polymerase Il. Oncogene 12: 2631-2640

Riou-Khamlichi C, Huntley R, Jacgmard A, Murray JA
(1999) Cytokinin activation of Arabidopsis cell division
through a D-type cyclin. Science 283:1541-1544

Sauter M, Mekhedov SL, Kende H (1995) Gibberellin pro-
motes histone H1 kinase activity and the expression of
cdc2 and cyclin genes during the induction of rapid
growth in deepwater rice internodes. Plant J 7: 623-632

Szarka S, Fitch M, Schaerer S, Molonéy M (1995) Classi-
fication and expression of a family of cyclin gene ho-
mologues in Brassica napus. Plant Mol Biol 27: 263-275



Ol EN U AN Cytokinin FE4 A-type X C-type Cyclin REXS &H E4 - 21

Umeda M, Iwamoto N, Umeda-Hara C, Yamaguchi M, Yamaguchi M, Kato H, Yoshida S, Yamamura S, Uchimiya

Hashimoto J, Uchimiya H (1999) Molecular characterization H, Umeda M (2003) Control of in vitro organogenesis by
of mitotic cyclins in rice plants. Mol Gen Genet 262: cyclin-dependent kinase activities in plants. Proc Nat!
230-238 Acad Sci U S A 100: 8019-8023

Vandepoele K, Raes J, De Veylder L, Rouze P, Rombauts S, Zhang K, Diederich L, John PC (2005) The Cytokinin
Inze D (2002) Genome-wide analysis of core cell cycle Requirement for Cell Division in Cultured Nicotiana plum-
genes in Arabidopsis. Plant Cell 14: 903-916 baginifolia Cells Can Be Satisfied by Yeast Cdc25 Protein

Yamaguchi M, Fabian T, Sauter M, Bhalerao RP, Schrader Tyrosine Phosphatase. Implications for Mechanisms of
J, Sandberg G, Umeda M, Uchimiya H (2000) Activation Cytokinin Response and Plant Development. Plant Physiol
of CDK-activating kinase is dependent on interaction with 137: 308-316

H-type cyclins in plants. Plant J 24: 11-20
(AFYaF 2005 1€ 269, 2]t 2005 34 159)



