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To elucidate molecular mechanisms of plant cold responses we analyzed upstream regulation of
the DREBL1 genes encoding transcription factors that play important roles in the cold stress responsive
gene expression in plants. Previously we isolated the CAMTA family proteins as transcription factors
that bind the cis-element in the DREB1C promoter that are involved in its cold stress responsive
expression. We analyzed function of the CAMTA family proteins using T-DNA insertion mutants,
transient transactivation system and transgenic plants expressing the GFP-fused CAMTA proteins, and
found that CAMTAS5 and CAMTA3 function as transcriptional activators in the expression of DREB1B
and DREB1C. We thought that the cold-responsive induction of DREB1A was regulated by transcription
factors other than the CAMTA proteins as transcriptional activators.

AT R AERR
(AL 1)
I IEEE N
2010 4R 5, 400, 000 1, 620, 000 7, 020, 000
2011 4EHE 4, 800, 000 1, 440, 000 6, 240, 000
2012 4EHE 4, 100, 000 1, 230, 000 5, 330, 000
R
T
o 14, 300, 000 4, 290, 000 18, 590, 000
WFIESET « Y
B OSF - B - e W51 - EREE

F—U— R EREINA.

KRR VAL G, . v ARF



1. BFEEBRAEYS WO 5

B#yo B B oW ESIE, IREZECR
Bp7p EOREEA b L RAITTHEIS T DI
WEEOBRTESLTEZLDOLSE
bbb, ZNET, BERFEL L TEIZ
PIESCHR ALY B, vaf XX )%
HOWTINOEDOA ML AL > THES
AU D AR 1T DR RE O3 BLHI A 2 fR AT L
T&ETo, ZORER, HESEKEA M LRI
L2 BEFRBEZHET D AR F 1T
A/GCCGAC#%# 227 & 3 5 DREEFITH %
Z & %z L7= (Plant Cell 6, 251-264, 1994),
F72. ZODREFRFNZHFE S L CTIRE 2151
(kT 28R 7422 — T 28517 & L
T, RIRA b L RISZ TE < DREB1A & iz
HEPHE A b L AR C#) < DREB2AZ HigE
L7z,

DREBL ARG MR M 18 A5 1 D R Bl & 758
T HEREIEMELR - TdH V. DREBIA,
DREB1B, DREBLC® 3 -> M #H A& T 7>
Lk ST\ 5, DREB1Z &I EHT 5 =
& T, S0FELL EOREREBR T3 mAEEL L,
I @D LV ORISR A b LA
MEZAT 595 2 & oRSi, DT B~
DISHBH B TW5, —J5, DREBLE:
T OFBUTI A MR Z R~ Z L DI H I
FHZ k> THllf STV EEZ LD,
DREBl1AEpi & L7 FifiD A b L A0
AL, FEL <RSI T E 7223, DREBL
O _EFHOREBRETIZ L A PHLMNTR ST
VRV, £ 2T, AWFZETIE, DREBLES D
IRIRA b L AP A IR HT & 5 FEBUR5 s
AL, BT TIUBERETND Z L1
L0 ARIEA b L AOZZECBE A REHT L A
#1725 DREBLOBSREFRBUZ T D 2 7 F /U5
OIS Z I NS5 Z L 2 BIET,

2. WEDOHBY

R OARIR A b L RIS CEE o)
X % /R 9 AP2IERF % A 7 @ ¥x B K ¥
DREBLIZEHT % Tt DFERIER TR Z

HDBIBTFIT LD A b L AT DS A
IZZNFE THLMES L TE 722, DREBL
O _LEFHROFIEBEEITIZEE A EHAL MRS T
W7, ARBFSETIE, DREBLIE R T DK A
b U ASOME H REFHT & 2 FE 805 S A% 2 fiF B
L. 26 0RBFETH K2R E L
T T T NMEERZMD Z LIk, KIRA
L RADOZRELCWH R X DHIE S
DREBLDIEHEFHLIZE S v 7 F AR = D
HHAEZH O T2 2 AN E T 5,

3. WDk

L OEIE A b L R MBS T DR
Bl §l 3 2 EEREER 1 OBE T T
& HDREBL” 7 X U — [T {KRA N LASCIEH
FEHZ Lo THRBIPHIE SN TVWD, 2095
DREBLCHEAR T-OFBIFHE L7 1 & — & —H DR
1~ 30 3 >OH ERAFEER A L T 5, A
WFETIL, v aA XF AT O EIEHARL % TR
RERIK Tl T 722N 70V
FEH R, GFPE U R—4% — L L CTHW =
X7 B OB JHEVE D FFENT 72 & SRR T2 fiRAT 15
% B L C, DREBLICEAR T-OIEBLAHIIEIT 5
ASEIUI TG A LTI A HIET 5K+ Z2 FE LT
HREZ IO NNCT D & LI N B DRT-Z R A
ELTHDZ Elck Y, BROY T IAREEDFE
BRI BID DR T2 X HNTT D,

4. WIS

B OARIE A b U AR CHEE e ghE
H724 AP2/ERF X A 7 DEREN+% 2 — K145
BARF DREBI O LR OHIHBEAE 2R+ 2 2 &
Z B8 U CHE 21T - 7o, DREBL 8151 H & MK
ARV AL > TREMIZHEEIND DT,
DREBI Y&fr+- AR IR D 3 HHI E A% O b %
1Fo72. ZAVETIT DREBICEIGFD T 0T —4
—HOMEIRA N AFEEMA U XL L D%
BUZB D Dl O v AES & PRGE LTz, £,
Z O (ERERRGE D BiE-113 22547 &
TORS) ITHEET HEB R & LT CAMTA 7
7 3 U — (CAMTAL 7> & CAMTAG) &z TS B S
oo £ T, T b OBB T OMREMNT 2D



776

6 FEEHD CAMTA 7 7 2 U —IZB L CHR#fE
Bra4T 9 &, CAMTA1~ 3, CAMTA4, CAMTA5 &
6 D3OSOV T I N—TIThbFbn, £h
ROV T T N—T N CTEEENFET S ]
REMENEZONDDOT, ZEEBRKOERE
1To7m, —H., YA Xt AXF07 e v7FJ
A NZEHWT, DREBICT 0 —H% — D A
B3 X O DREBIA, DREBIB 7 v &— % — DO FH[A
FEIK &2 D722 LR — A AR T DR EE
{LRE & AT L 7245 JL, CAMTA3 33 X OY CAMTAS
VL. DREBIC 7 v1&— X — DL AEEAF X
O DREBIB 7" 11— & — O RIFEI Iz % L T
B WIRBIEMEALEEZ /R L7z, F72, CAMTA2
LUV SR GEME(LRE DY ZE0 B LT,
—F, ED CANTA Z =54 DREBIA 7' m
F— X — % LIZBEIEMH IR S e
-7 (K1),

ax L h—a—FE

0 2 4 6 8 10 12 14

CAMTA1

CAMTA2

CAMTA3

CAMTA4

CAMTAS

. DREB1Apromoter
Bl orEB1Bpromoter
[2] orEB1Cpromoter

CAMTAB

1. 7va N7 72 &V CAMTA 7 7 2
U — DR EIE ML RE D T

CAMTA 7 7 2 U — X LR 7%, CGCG-box
WCRROIEST 2 AL TH D 61, FE
FERAY72 DNA F5G R AL > THD TIG, ¥ v
NI BEHMEEERICEDSD RAL U TH D
ANK repeat, HIVET =V EOFMAEEHIC
Bbd 1Q RASL UInb7oTna (K2),
CAMTA3 Z VT, T bHD KA A &G
WAERK LT EaDa LA NG 7 N ER{ERL
T, YA XFTAXFO7a 7T A NT—i#
HRRGIE ML EBR 21T 5 & ANK repeat & /X
KlLlcaryA N7 7 MERWESEIZ, B85
EHERE N bz (K 3), Z OfENEAY CAMTA

DEGIGVEIZE G L TWnD B 2 Hit, AN
repeat I LT AAEARF R EE L E 2 B

7o
CG-1 TIG ANK repeat 1Q

X 2. CAMTA 7 7 2 U —% LRI EDHEE O
B

B L R—2—E
0 5 10 15 20 25
AL
gm0
im W

repeat

[X] 3. CAMTA3 O oy REWTH 2 AWz a1 X
FRXFDTa b T T AN TOEREIEMEGREDfE
Mr

WIZ CAMTA 7 7 2 U — DM N JRFE % fifhr
%128 GFP @A o> CAMTA % @RI % BE
FRffis v A XF X F & EH L GFP @2 Blgs L
7o fE . CAMTA2-sGFP ., CAMTA3-sGFP ¥ L O
CAMTAS-sGFP %38 A L 7= JE HA MR C GFP H2E
DRECE I B W CBls sz, — ., KR
A ML AEMHTF TR, BiICLiZMEicisnw T
5 3 TR CAMTA-sGEP 75, #E 2s H R
7oz enBlggsnic (¥4),

avka— ;L(zz c) {E:R4°C)
DIC GFP

CAMTA2-sGFP

CAMTAS- sGFP ) .

A‘.
"

DIC

CAMTAS5-sGFP

[X] 4 . CAMTA-sGFP JE'Eii#is 1 A4 X F A2k



\F % GFP &3

EHIT, A XFXF D T-DNA i AZE R
K% IV CHERL L 72 CAMTA D% B 28 Ak % )
W, B EB X HALD DREBI BinT DIEB
RN UTo, BUEE CIC/ERIL 72 2 A RIK
Tl CANTAS 3 X OV CANTAS & s % KB L
7= camta3camtab BEARD B DEE 212 LT
BEIlckB T, 4C, 3RFHORIESRMTIZE
W T DREBIB Y851 DI BLENBE 2R L
TV,

LU #E A5 CAMTA33S L UNCAMTAS I,
DREBIB¥S X ONDREBICHE AR 1 DAKIRFE EME D
FHEOIEFIEMLR - Th D LB 2 b,
S HIZ TS DERB R F OTEMEAIZ I ML
WNIRIED AL G LT\ 5 ATREE N B 2
LTz,

L% IXCANTA Y > /8 7 OIRIRIC L 5855
TEMEAL DR 2 B & 202§ 5 728, CAMATAZ,
CAMTA3, CAMTAS % R 2 U 7= 28 B AR 2 {ESL L C
DREBIEAR -0 T i OARIR B MR - D%
BT+ 5, £72CANTAZ > /37 E DIKIE
R DEBATICE L TH [ Cadf A ROTVEY
2 U UEORB R RN L C IR L OBf%
ZHOCT D, —F, CAMTALIA OERE K]
T L > TRFE SN D &5 %2 5L HDREBIA
s OKEFEMRICE L LV AR T %
[FE LC, SE5E M LR 2 Bl 5, i
5 O OFE R 21525 Z & T A OIKIE A
FLRREDEFRERAENCTHZ &4 H
59

5. ERRERLF
(WF7efhRE . IFEs i K O 7R 1
LR

(MERERm S0 (B 6 1)

@ Asad J, Maruyama K, Todaka D, Kidokoro S,
Abo M, Yoshimura E, Shinozaki K, Nakashima
K,Yamaguchi-Shinozaki K. . OsTZF1, a
CCCH-tandem zinc finger protein, confers
delayed senescence and stress tolerance in rice
by regulating stress-related genes..  Plant
Physiol.. # &4 . 161(3). 2013, 1202-16.
DOI: 10.1104/pp.112.205385.

@ Ishizaki, T., Maruyama, K., Obara, M.,

Fukutani, A., Yamaguchi-Shinozaki, K., Ito, Y.,
Kumashiro, T. Expression of Arabidopsis DREB1C
improves survival, growth, and yield of upland
New Rice for Africa (NERICA) under drought.
Mol. Breeding, #t ¢ A, 2012, Online, DOI:
10.1007/s11032-012-9785-9

@ Datta, K., Baisakh, N., Ganguly, M., Krishnan,
S, YYamaguchi-Shinozaki, K., Datta,
S.K. Overexpression of Arabidopsis and Rice
stress genes' inducible transcription factor confers
drought and salinity tolerance to rice. Plant
Biotech. J.. ##Hifs. 10(5). 2012, 579-86.DOI:
10.1111/j.1467-7652.2012.00688.x.

@ Maruyama, K., Todaka, D., Mizoi, J., Yoshida,
T., Kidokoro, S., Matsukura, S., Takasaki, H.,
Sakurai, T., Yamamoto, Y.Y., Yoshiwara, K.,
Kojima, M., Sakakibara, H., Shinozaki, K.,
Yamaguchi-Shinozaki, K. . Identification of
cis-acting promoter elements in cold- and
dehydration-induced transcriptional pathways in
Arabidopsis, rice and soybean., DNA Res., &t

H 19(1) 2012 37-49 DOI:
10.1093/dnares/dsr040
(® Nakamura, R., Satoh, R., Nakamura, R.,

Shimazaki, T., Kasuga, M., Yamaguchi-Shinozaki,
K., Kikuchi, A., Watanabe, K.N., Teshima, R..
Immunoproteomic and 2D-DIGE analysis of
Arabidopsis DREB1A-transgenic potato. ., Biol.
Pharm. Bull. | #&#i4, 33(8) . 2010, 1418-1425,
DOI:10.1248/bpb.33.1418

® Yamamoto, Y.Y., Yoshioka, Y., Hyakumachi, M.,
Maruyama, K.,  Yamaguchi-Shinozaki, K.,
Tokizawa, M., Koyama, H.., Prediction of
transcriptional regulatory elements for plant
hormone responses based on microarray data..
BMC Plant Biol., #&#¢f. 11(1), 2011, 39, DOI:
10.1186/1471-2229-11-39

(=R GH13 1)

@ S. Kidokoro, M.J. Seok, D. Todaka, S. Igusa, J.
Mizoi, K. Shinozaki and K. Yamaguchi-Shinozaki
Transcriptional regulation of PIF family genes
down-regulated under drought stress conditions in
Arabidopsis, 10th International Congress on Plant
Molecular Biology, 20124:10H21~26H. Jeju,
Korea

@ Kidokoro, S., Maruyama, K., Mitsuda, N.,
Ohme-Takagi, M., Shinozaki, K.,
Yamaguchi-Shinozaki, K. . Transcriptional
regulation of the cold-inducible DREB1 by
CAMTA family in Arabidopsis. XXIV SPPS
Congress, 201148 H21~25H, Stavanger,
Norway.




@ Kanai, M., Maruyama, K., Yamada, K.,
Kidokoro, S., Shinozaki, K.,
Yamaguchi-Shinozaki, K. Functional analysis of
novel membrane protein family, COR413
controlled by an Arabidopsis transcription factor
DREB1A., XXIV SPPS Congress, 201148 A 21

~25H, Stavanger, Norway.

@ Yamaguchi-Shinozaki, K., Shinozaki, K.,
Regulatory networks of gene expression in
abiotic stress response in Arabidopsis, ICAR
2010, 20104F- 6 H6~10H, /3> 7 ¢ 2 ffile

(FRZ))

® Maruyama, K., Mizoi, J., Kidokoro, S.,
Takasaki, H., Yoshida, T., Shinozaki, K.,
Yamaguchi-Shinozaki, K., The cis-acting
elements in cold and dehydration inducible
promoters of Arabidopsis and rice, ICAR 2010,
20104F 6 H6~10H /N> 7 ¢ 2 fifile (M7
JID .

® Kidokoro, S., Maruyama, K., Nakashima, K.,
Imura, Y., Osakabe, Y., Fujita, Y., Mizoi, J.,
Shinozaki, K., Yamaguchi-Shinozaki, K. PIF7
negatively regulates DREB1 expression under
circadian control in Arabidopsis. ICAR 2010,
201046 H6~10H, /v 7 ¢ affiit (M7
Ji .

(@ Yamaguchi-Shinozaki, K. Improving abiotic
stress tolerance in crops, Workshop Japan-Egypt
“Pharmacognosy and Traditional Medicine”,
20104E 7 H 2 0~2 3 H, HARFANAE

) .

Maruyama, K., Mizoi, J., Kidokoro, S.,
Takasaki, H., Yoshida, T., Matsukura, S.,
Shinozaki, K., Yamaguchi-Shinozaki, K.
Analysis of dehydration- and cold-induced
transcriptional pathways in Arabidopsis, rice and
soybean via identification of cis-acting promoter
elements. Cold Spring Harbor Asia Conference:

From Plant Biology to Crop Biotechnology, 2010
#2104 25-29 H, Suzhou, China.

© Kidokoro, S., Maruyama, K., Nakashima, K.,
Imura, Y., Osakabe, Y., Fujita, Y., Mizoi, J.,
Shinozaki, K., Yamaguchi-Shinozaki, K. PIF7
negatively regulates DREB1 expression under
circadian control in Arabidopsis., Cold Spring
Harbor Asia Conference: From Plant Biology to
Crop Biotechnology. 2010410 H 25-29 H . Suzhou,
China.

Kanai, M., Maruyama, K., Yamada, K.,
Kidokoro, S., Shinozaki, K., Yamaguchi-Shinozaki,
K. Analysis of a novel membrane protein family,
CORA413 controlled by an Arabidopsis
transcription factor DREB1A., 20104:10H 25-29
H. Suzhou, China.

O FEEFI7-, BREEA N U AMMEVED OB I
DNT, BHARFINSEAR Y VAR T A TR
TR Z B & = OFIHICHIT T, 201048
HeH, HIL

@ BT, BlILFRZE, SEH R, mARHE,
TR —HE . MBI+, > 1A X X FOIKIEH
i PR K] - 38 f= - DREBL O ik B SR
H552[0] H AREY) A P2 201143 H 20~
220, &

® &, BLAG 2, (L E S, TR
TR —E, B, a4 X F X DEER 1
DREB1AM |92 COR4137 7 I ) — & L3
7 "B DOSBRERRNT . S552[A] H AR A BRE S E S
201143H20~22( ., &

6. WFFERHRE
(OUEE =1

EIRE Fn

(KAZUKO YAMAGUCHI-SHINOZAKI)

W R P RFPL R AEmBI AR - B2
WIEEE S 30221295



