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SUMMARY

It is well known that Arabidopsis calcineurine B-like (CBL) calcium sensors
and their interacting partners serine/threonine protein kinases (CIPKs) are involved in
response to a variety of environmental stresses including cold and salinity. Comparative
genomic DNA analysis indicated that the rice genome contains genes similar to CBLs
and CIPKs, suggesting that the CBL-CIPK signaling pathways in Arabidopsis may also
present in the rice. In this study, we have isolated six rice cDNA clones; four clones
(OCKI1, 2, 3 and 4) coding for CIPK-like protein kinases and two (OBL1 and OBL3) for
CBL-like calcium-binding proteins. We have investigated expression patterns of the
isolated genes and found that expression of the OBL3 gene is down-regulated by cold
stress. We have also determined that OBL1 and OBL3 actually possess the ability to
bind calcium ions. Yeast two-hybrid assays revealed that OBL1 and OBL3 specifically
interact with OCKs at different intensities. The OBL-OCK interaction was further
supported by pull-down assays, which showed that OBL and OCK form a complex in a
calcium-dependent manner. Overall, these findings suggest that OBL and OCK are rice
orthologs of the CBL and CIPK proteins, respectively. To investigate whether OBL is
involved in cold response as CBL in Arabdiposis, we have generated rice transgenic

plants with reduced OBL expression using the RNAIi technique.

To understand the general responses of plants to low temperature, winter
barley cultivar "Dongbori” and Arabidopsis thaliana were subjected to cold treatment at
4C and Suppression Subtractive Hybridization (SSH), Mirror Orientation Selection
(MOS), and normalized library EST (nlEST) were used to screen large numbers of low
temperature induced genes in barley (Hordium vulgare L. cv. Dongbori) and
Arabidopsis. About 580 different clones were obtained. Expression analysis was
performed with RNAs treated by low temperature, NaCl, dehydration and diverse ABA
applications. Five clones, altil, biti3, AtCBG, AtNIG, and CYP97a genes showed novel
patterns of expression in barley and Arabidopsis, and full length sequences of these

cDNAs were obtained by Rapid Amplification of cDNA Ends (RACE). The possible



biological and physiological functions of those 5 genes were characterized by molecular
biological and biochemical methods. Those 5 genes were transferred to Oryza sativa for
investigating the functional roles of cold-induced gene and physiological mechanisms.
The transgenic rice of introducing AtCBG gene were regenerated and now are growing
in green house. This AtCBG gene containing transgenic rice would be a mother plant

for breeding to produce cold stress resistant rice plant.

We have isolated a cold-inducible SnRK3 family of protein kinase gene
(designated OsPKI1) from Oriza sativa using a differential ¢cDNA screening technique,
and have investigated OsPKIl-specific signaling pathway in relation to cold and ABA
responses of rice. In vitro kinase assay showed that OsPK1 phopshorylated C-terminus
domain of an ABF (ABA-responsive element binding factor) family of rice bZIP
transcription factor. This strongly implicates that OsPK1 is likely to be associated with
the ABA reponses of rice by phosphorylation of the transcription factor, and thereby
may mediate cross—talk between cold and ABA signaling pathway. Indeed, transgenic
Arabidopsis  over—expressing OsPK1  showed  different expression level of
ABA-responsive genes in response to cold stress. Using yeast two-hybrid screening
technique, we have identified interacting proteins with the regulatory domain of OsPKI.
They may act as upstream regulators or down stream targets in the OsPKI1-specific
signaling pathway. Constitutive expression of OsPKI1 in transgenic Arabidopsis resulted
in a weak, but significant increase in growth tolerance under the salt or cold stress
condition. Finally, we have generated transgenic rice over-expressing OsPKI1. At the
molecular level, 5K ¢cDNA chip analysis revealed that seven cold responsive genes were
positively regulated in the transgenic rice. Expression level of an invertase gene was
highly increased in the 35S-OsPKI1 transgenic rice. Furthermore, leaf of the transgenic
rice showed enhanced resistance to oxidative stress (methyl viologen). Cold-resistance of

the transgenic rice in the filed condition is now under analysis.

_10_
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t}. OsPK1 A3 #8 oA 9] in vitro kinase 713 o F &A1
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1) 2E# 2 mbA FHdA G4

2) o) 71 &) *6321;<—]§]_xﬂ_4 ~EY A A
ub, 35S-OsPK1 @2 A3 0 #4

A

BN

-

1) RT-PCRYI —4??} old-responsive 7 2}2] #d WHo] A}

2) DNA chip 4 ,j-% 3 OsPK1 FHoprdd H o] A 23 2ot £4

3) 355-OsPK1 @&zt vjo] Ae] Ashshs L4
E2FEAE E AHRoNY J|gxE - - - - - - oo e e e e e . 104
ATALATE FLEAT + « - o e e e e e e e e e e e 109
ATFALHAANN FHE AFGIIEHRL - - - - -0 - e 111
FTEG o+ vt e e e e e e e e e e e e e e e e e e e e e e e 112

_16_



Al o] T

1 A+

|

to]  Arabidopsisol A

S

9

o] WA ¢ orthologues

o]

3|
s

S EHog 3

A

N

)

—
fi%e)

el

Njo

< =

9

pa
#1721 X g oA suppression subtractive hybridization (SSH)

FaL,

3|

H

1

kel
er

°of 2|

Eal

tol A2 2E7

©

=

A5

o}

2 <

o

al

A

1
¥} Mirror Orientation Selection (MOS) W& A&

3|
s

d] 21 Arabidopsisel

Z

=
=

Al
S

wul

bk
3
o
o
i
|

!

i
%

3
oF
)

o
-
el

~
;OO
—_—

!

AR el A e AEd sl

o
T

@.

of

s
I
M

el

—

AA el ol & Ths

L

.

44

oF
TH

mK

e

il
o

2

A 24 A+

HA1 7]

S

A

3 el

=

94
g kA 2

ur

A2 (cold)L 2 &9

Gl

el
Njo
Ko

JJ
RK

el

—~
;OO

I

A

29
2 olg¥a

Fold. webn Ae sed

J|

=
K3

==
T

Faleh el

S

3

o} Fo

o]

)

—~
fite)

A Z
2]

= A el

oe 4

=
=

e AW A7

wjr

)
o
o
o))
o

Mo
ol
B

ao

el

vl g

SRS

A =

] o
=

ek

3

A

)

ot
Kl

7ol

oo

o
<

7ol

Holth. uiehd SERHZ

Aol =

KR
T

3
H

=
<

o
i
o)
_.DO

Mo
ol

O

AT

2}
h

<o &5 o713 (Arabidopsis)®t ¥ (rice)®] Genome Sequencing Projectt

)
y

_17_



!

=
N

2
A

I

AEo] Az ==HAS W, v AR dHE E4 &g Ws F
(sucrose, fructose), ©}7]%=AF (proline) =+ polyamine®] =7, A Eut =2 74 AR W
st 59 w2 A - Aty Wyl g e AR 2Ef A B2 A EA o
7 frAaAES EdAATIE oer Rudn F8 AL = FHAAEEE RD29A,
Kinl, Kin2, DREBIA, cas(cold acclimation-specific), cor(cold-regulated), blt(barley
low—-temperature), blti(barley low-temperature induced) 7 AE°] HiE o] v} 3FA| Tk
AL Wk&(cold response)el A ol & FAAE Fde= WS vlsolu 9T Tl thsfA
= obA el mpb mekeith. B olE FHAE AR ZEHZE g9 sheidl

1=

g ASAGAAE olsfstr] Hair=

o @A el=mel e A2
=

ANgUE 2aR sto] B AR ot HWE v R RSB U HE AS
HTE ofF 2 ol Bolth TUGAE AL sEdze] BAH AT WBHOE 2

stt,. 2 SZAFHAXE XLt 7d St of7|HHE 22 E Sto M2, g §9 Z
T EAAERA MSHEA A st AFE X&) e O ZADE IR Z2AH
2t2} 5% Journal?l Plant Cell (Kim et al., 1999 and 2003) =2 Plant Physiology (Kim
et al., 2000)ofl &E 3 H o] gt}

2. A - AdH 34

FEFES AYTEE A4 Seldes WTOd )@ ol F FAFeldl wel wag
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H2Zd U 7 g

= Yetlth (Yamaguchi-Shinozaki and Shinozaki, 1994). Alth7F ©+& &% & dF %,
7hEs 2E BAH2EY s A5 A S ASA7IE F8 8 Fo stuelth A Al
O~

AHow Auo wet A4 sHse] 40-80% w7} olela 87

93 g Ao ded rh ol WEAG} 2o ABHH edsd oF 49 510
W) gwol slgels FAF ddelt olgdd ArBAe] WE FelNE HBo Wi} A
qe 58 Aed date Wgd, Ass 2 AN we] wgwAe A9 olel@ W
sk Falol Be welth webd LExde] AAge] ABAMNA 1 FaF 2o

Aol g B g3 F Pl WML oe /A Mol ANHI o), BF
A, AR, §9 SO B A% Asksh GE, R, ARE2E 5o 98 0§ 4
Aol ol el eRs FRdo) Brow AEA AL @ AE YA How @

g4 Ak E gE Al gF g T AgE ABAL 229 FAS fussd

3 i

afe] FH Qdclo] At olAYH AL W2 Fo AE59 AEA 1A ALY BXE S
Zfste W @ kol Ao g A= whES tiws] g 7)#s vt Aol
# A 2Att (Dunn et al.,, 1990; Goddard et al., 1993; Taiz and Zeiger, 1991).

ofe] gk Aol ofgh Fafol gk A EAe] Wolz] kel gk AFTF HI7RA o] ol A
ofefjoll AAStLA} Bh= mie} o] vrgstA AlmEHA gk AL 2E#HAVE AEE 2
oA abscisic acid (ABA)9] o] Sdux 1 oo whe} =84 @9d proline, &,
715 59 FeFo] SiEo] A2 Aol SHiEvs A7 A7 RuE Yt (Dunn et al,
1994; Hughes and Dunn., 1996; Ishitani et al, 1998). Z1&]x o] Ao FHH FTAE0]
AR, o]5el o) AMEHAAL] AW Aol WIthe A ANE EREHAT
(Yamaguchi-Shinozaki and Shinozaki, 1994).

Ao}t ofdd] A= ZE 24 AES A2+38 (cold acclimation) et 58-S 7FA il

et ol FEE WA Fe AR U

R

rlo
I—ﬂ
2
e
o
N
)
=
i
i,
)
2L
o
i
ol
offt
2
2
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g3k AdAleol Frledn dH 3T (Goddard et al., 1993). Cold acclimationel] o3k Aj3}
A, #A AETA AgEo] HE7MA Bol FdEol $o cold acclimation #go] &
F s 7] wEel A AdEdE S7H7IE ol AR
shal 9= Astelt}h Cold acclimation®} ¥l Aol A% tALE 2o AHE &
A Aol W3l D(sucrose, fructose), o}v]:=AF (proline) ®+ polyamine? =7, Al ¥4}
A A AR W3t T2 wRriA®E yekwh 2ol cold 2E# 2 o wale]
L5+ cold-inducible F & A5 cas (cold acclimation-specific), cor (cold-regulated), rab
(responsive to ABA), blt (barley low-temperature), blti (barley low-temperature induced)
g Wyd fdA50] AR WAE AT (Thomashow et al, 1999). 3tA| 9t o] & HF-HAAE
o 752 o4 EHEHA dHA A gom, dF 1 7Fo] &El A S cold acclimation
HAo| ] ZAHAQ o}, cold AZdANA 1 oA e THIHAE Ut
A2AEgdy A 1w =2 EXsPiE g5k Alolol @] QlFo] Arabidopsis® =
AdolAel  diE  BEAAA=H ATl dEHT. AR Exst AxEs
glycerol-3-phosphate acyltransferase®ti= @ ZFA oA 28&8F= 49 EolAol <o AA
e, AERSE 2283 o] EAE AEd =g dAFelA AL Aol SuES

BAFo 2N cold AR vk AT A Ao =3t Aok dwyo] 3o v Hu

_{

(Thomashow et al., 1999). #d¢ E=X

acclimation A3 #AHEFo] 7 A} &2 pyrophosphatase$t TR 2| invertase
AAE AEAlel =dd 45 A= AFo] =1 84 @F3=9 F7F Frtstd =,
invertase fdA7F Z=91H A Ef 2o ofAYPRG <3dle] o wizkstlal,

1
&
pyrophosphatase 3 x7F E9] 8 A& A Aol Fof= ALt

A%

of Yol A2Ed s Asdgdy ddE B fFHaAEe] #yHa de=d, 53 A
AFQ12} (transcription factor)E©] 7ol o]E o] &3t A3 AEA7l HEAXTL Q)
o A Asdd Bge] #st dAl o= wlg gAY, AL A dEo] FtE
= cor AR promoter Aol WEW, corf-A A promotere] A& HES Av|ME B9
¢l CRT(C-repeat)/DRE(drought responsive element)el]l AA} Z#H<1x<¢l CBF(CRT/DRE
binding factor)”} &9, CRT/DRE regulons TA3lE= A2 wS f4dxE59 wado] &7}
shAl EaL o] eate] Ao hE Aol Foj=E Aolg} AZH I vt AN ofu
F As Hded 84E5 T3 ol CBF f#dA45¢ 2do] S7td=As I AA &tk
Zefu CBF19 4% A=A WeAds S7hvs 2ol Bt (Thomashow et
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al., 1999).

UM A Aol gk AeA, Azt Ea AETH ATES FE A Bl
T o} cold acclimation IS Bty FES FA4x7F TAFH7] wlEd o2 7}
Ae AdAEE 7712 &9 AF-E W1ds] gofstAs Xetal e Aot =l
ME AL 2EY 2o #ddE A7 Ay oz AyPEau oy g ~EHA oA

= AR 2y 2 FAA] AepEde] SdEa gl AEAE fF4

o] HdxHoly ~EY sG] #E AAAA A= o] Fojxa YA &tk H Lo
A5 ¥ o 7] (Arabidopsis) ¢t H (rice)9] Genome Sequencing Project® 2HE-9 FF7| %

= A 78 FAAe] BES OS fdu mEA Fdska vk shARE, dA7EA HE H
A

fr& =9 genomed EAlat= s & F A
A E

7l ot vl M2 &

A 274 Y (upstream molecular components)ell & @3slE= 74
AE dHste] 1 A3E  Plant Cell (2003. Vol. 15, 293) o 233k Hdlo] Q). o713

e BdE sto] 42 AH Tles olAl= Bok 22 F&zEed AHEsjokst= AL
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H 3% dygsd s & &2

H

Al A WYY A2Es A% A2

(rice) A A9 &1 4 7%

>
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>
2
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r
(i
=

M
i

1. o83, 484 FIU¥

BoAFfodE A4 Wi EA3E= CIPK3 HAF F4xE59 full-length cDNAsZ
RT-PCR, RACE %%+ cDNA library screening 59 7|&& o|&3slo] Egstuxt 3o}
gHY¥ cDNAY @714 9S AAT F genomic Southern blottingS Faste] 1<

genome®] £A3+= copy numberE A A st} 22 % northern blot ¥ promoter-GUS
A4S T o] OCK Fdx7F 24 ¥= F9(224)E =AM Aol HE3h o]59]

o] cold stress signaloll 9314 FE%E 719 o R x Ay E Aolth. OCKEH o

t CBL ©id53te) AJazgoli 2 Sol el thah AAAQ] dd% gald dApz=AAA

r (

Z o] 83 yeast-two hybrid system (Kim et al., 1997)& o]&3}o] 91d Aolt}. OCKE
38 ofu At Ao 98 serine-threonine protein kinase®] ¥Zo|t}. wlx OCK
g Aol AstetHel EAS xAE7|9)e] WA GST-fusion  systemS  ©]-&3}9]
EcoliBL2D =58 o= At 5 FAE Fejty. a2l AAE OCK @¥dS o] &5t
MBP, casein, histone 52 7|22 A}43}9] kinase assay (Kim et al, 1999)& +3& A

o]t} Cold signaling®l A OCK<2] d&S u¥3s]7] falA B2t in vivo 7| oly 484

|

%42 5& yeast-two hybrid screening HS o] &3] M Aot} FH CaMV
35S promoterE 7HA=AEF A AEE ME (pBI =+ pCAMBIA series)?} Agrobacterium
GV3101 5= LBA4404E ©]&3te] OCK ¥ A& over-expressiondt= of 7]} 1 9
HAHITAE s Aolrh,. HE3H genome’do] FHA HAS silencing Al7]E FHA 7]l
RNAi % (Chuang and Meyerowitz, 2000)S ©]-&3}e] OCK F#d#te] 7]5o] aw
AAGAE vtk olHA AL FHHA G FAAQ HEAANA e A % A
g gefe] st 1Elal cold stressoll Wik AR S dEEte] wluwgy. o3 Ad=

OCKSl 71%% %3t o 8% GAE AFE Aolth

O: OBE

[
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2. 47U& € 23
7}. OCK full-length cDNA 2 &9 &1 9 d7154d A

oA ddTtel olskd o7 e] CIPK3 frdabe A2zl oA
CBF/DREB1 ¢ 23S zdgon AL AsddAAeA g9l 912 ZA74
Aoz A7 "t (Plant Cell, 2003). GenBank A2 A3} W] genomed] CIPK33} A3
AAbEe]l EAZE & F AU e 2 AFelA s AR A B RS AT 7]
ZAFEA 4 of71dd CIPK39F A B fFdx5S Eelste] &4sta stk ¥
FrAze] Fele e 22 o r FYeiit B 4F AR REH mRNAS Y
3}o] ¢cDNA library (Oryza sativa L. Dongjin)E A28t th. GenBank 74 23 CIPK3¥
FrAbE Ao g Wexl W FHAEe] d7IMES 7INe R primerEs Al Abstel PCR W o
2 W cDNA libraryE screening dFith. =L A3 & 47019 OCK full-length cDNA F&&
T 7 Ao, o5 FEY dAVIAES AAste] OCKI, OCK2, OCK3, 121 OCK4
2 77 gHetgdrh. o5 d7IAES ofdiet %

=5 4
58 olujil JES o] 83l AlignmentS 3%+ Z 3 Arabidopsise] CIPK family

o
o

Ho

ofN

~

t}. 39, o]% full-length ¢cDNA=E F-E]

FAAES 54 NAF domain] 2EH A& 9 & 4 AT} (Figure 3.1.1). o]
28" OCKEo] 714 CIPKAE calcium sensor ¢l CBL 1&¢ Z443 dwAds
7} 45283} cold, high salt, drought 52 2E# 2 HkSo] FoJst 7lF5Ao] ofF =t

OCK1 cDNA Sequence ORF: 1,320 bp)
ATGGAGAGTAAAGGGAAAATACTAATGGAAAGGTATGAGTTGGGCAAATTGTTGGGGAAAGGAACATTTGGCAAGGTGCACTATGCAGGGAATCTGGAGTCAAACC
AGAGTGTGGCCATAAAGATGATGGACAAACAGCAGGTGTTGAAGTTCGGGCTTTCGGAGCAGATCAGACGTGAGATCACAACCATGCGGTTGGTGGCTCATAAGAA
CATTGTTCAGCTTCATGAGGTCATGGCAACACGGAACAAGATCTACTTTGTGATGGAGTATGTGAAAGGTGGTGAGCTATTTGAAAAGGTTGCAAAGCGTGGAAAG
CTTACAGAGGTTGTTGCCATAAGTACTTCCAGCAACTCATTAAGTGCAGTGGATTACTGCCACAGTCGAGGTGTGTATCACCGGGACTTGAAGCCTGAAAACCTGC
TGTTGGATGAGAATGAGAACCTGAAAGTCTCAGACTTTGGACTGAGTGCGCTTTCAGAGTCGAAGAGGCAAGATGGCTTACTCCATACCACCTGTGGAACACCTGC
ATATGTAGCTCCAGAGGTGATCAGCAAGATAGGATATGATGGTGCAAAGTCAGATATTTGGTCTTGTGGTGTTATCCTGTTTGTTCTTGTTGGTGGTTACCTTCCT
TTCCAGGGCCCAAACTTGATGGAAATGTATCGGAAGATACAACATGGTGAATTCAGGTGCCCCGGTTGGTTTTCACGCAAACTTCAGAATTTGTTGTACAAGATCA
TGGACCCCAACCCAAGCACAAGGATTTCAATCCAGAAGATAAAGGAGTCTACCTGGT TCCGGAAAGGTCCTGAGGAAAATCGTATTTTGAAGGAAAGAACTTTGAA
TGAAAACCCCCCCAAAAATGTTGCTCTGGTGCTTGGTGTGAGACCCAAGAAAAATGCTCATGAAGATGTGAAGCCCATGTCAGTGACAAACTTAAATGCCTTTGAA
ATTATCTCTTTCTCCAAGGGGTTTGATCTCTCTGGCATGTTCATTGTAAAGGAATGGAGAAATGAGGCAAGGTTCACTTCAAATAAATCTGCCTCAACCATAATCT
CAAAGCTAGAAGATGTTGCAAAGGCGCTAAATCTCAGGGTAAGGAAAAAAGACAATGGTGTAGTGAAAATGCAAGGGAGGAAGGAAGGAAGGAATGGTGTTCTTCA
GTTTGACATAAAAATATTTGAGGTTACCACTTCCTATCATATCATCGAGATGAAACAAACAAGTGGCGATTCATTGGAGTACCGACAGCTACTGGAGGAGGGCATC
CGGCCAGCTCTGAAGGACATTGTCTTGGCCTGGCATGGAGATGAATAG
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OCK2 cDNA Sequence ORF: 1,386 bp)

ATGGAGAAGAAGGCGTCCATCCTCATGAACCGGTATGAGCTCGGCCGCATGCTCGGGCAAGGCACCTTCGCCAAGGTGTACCATGCACGGAACCTTGCATCCAACC
AGAGCGTCGCCATCAAGGTCATTGACAAGGAAAAGGTATTGCGTGTCGGCATGATTGACCAGATCAAGCGAGAGATCTCCATCATGCGCCTCGTTCGCCACCCCAA
CATCGTCCAGCTGCACGAGGTCATGGCCAGCAAGAGCAAGATATACTTTGCAATGGAGTATGTCCGGGGTGGTGAGCTCTTCAGCAGGGTAGCCAGGGGGCGACTC
AAGGAGGATGCTGCGAGGAAGTACTTCCAGCAGTTGATAGGGGCTGTGGACTTCTGTCACAGCCGCGGTGTCTACCACCGAGACCTCAAGCCAGAGAACCTCCTCG
TCGACGAGAATGGCAACCTCAAAGTGTCGGACTTTGGGCTGAGCGCCTTCAAGGAGTGTCAGAAGCAGGACGGGCTGCTCCACACGACGTGTGGCACACCTGCATA
TGTTGCACCAGAGATAATCAATAAGAGGGGCTATGATGGAGCAAAAGCAGACATATGGTCTTGCGGTGTCATACTCTTTGTTCTGCTTGCTGGCTACCTCCCATTC
CATGACTCAAATCTAATGGAGATGTACCGGAAGATAAGCAAAGGTGATGTCAAGTTCCCACAGTGGTTCACTACTGATGTCCGAAGGCTTCTGTCCAGGCTGCTTG
ATCCAAATCCAAACATTAGGATCACCGTTGAGAAGCTAGT TGAGCATCCATGGT TCAAGAAGGGGTACAAACCAGCAGTGATGCTATCACAGCCAAATGAATCAAA
CAACCTCAAGGATGTCCATACTGCTTTCAGTGCTGATCACAAGGACAATGAAGGCAAGGCAAAAGAACCAGCAAGCTCTTTGAAGCCAGTGAGCTTGAATGCATTT
GACATCATCTCCCTCTCCAAAGGATTTGATCTGTCAGGCCTGT TTGAGAACGACAAAGAGCAGAAGGCAGACTCACGGT TCATGACACAAAAACCAGCATCAGCAA
TAGTGTCAAAGCTAGAGCAGATTGCTGAGACAGAGAGCTTCAAGGTGAAGAAGCAGGATGGACTGGTGAAGCTCCAGGGATCCAAAGAAGGGAGGAAAGGGCAGCT
CGCGATCGATGCAGAGATCTTTGAAGTGACACCATCCTTCTTTGTTGTTGAGGTGAAGAAGTCTGCAGGGGACACGTTGGAGTACGAAAAATTCTGCAACAAGGGC
CTAAGACCTTCTCTCAGGGACATCTGCTGGGATGGTCAGTCAGAGCATCCATCACTGGCACAGTCATCAACTCTGACTCAGTCCTCTAAGTCAATCTCGAGACATG
CCATTTAA

OCK3 cDNA Sequence ORF: 1,509 bp)

ATGATGGATGGGAGGTCAATCTTGATGGGCCGTTATGAGGTTGGGAAGCAATTAGGACAAGGAACATTTGCAAAGGTGTATTATGCACGAAATCTTACTACCGGCC
AAGCTGTTGCCATAAAGATGATCAACAAGGATAAGGTCATGAAAGTTGGGCTAATGGAGCAAATAAAGAGGGAGATTTCAATTATGAGATTGGTGAAACATCCAAA
TGTTCTTCAGTTATTTGAGGT TATGGCTAGCAAGAGCAAGATTTATTTTGTTCTGGAGTATGCTAAAGGTGGTGAGCTTTTCAACAAAATTGCTAAGGAGGGAAAG
CTCAGTGAGGATTCTGCGAGGAGATATTTCCACCAATTGATCAATGCAGTTGACTATTGCCATAGTCGAGGTGT TTATCATCGTGACTTAAAGCCTGAAAATCTGC
TCCTGGATGAGAATGAAAACCTTAAAGTCTCAGATTTTGGTTTAAGTGCCCTGGCTGAGTCCAAGAGGCAAGATGGTCTCCTGCATACTACATGTGGAACTCCAGC
TTATGTTGCTCCTGAAGTTCTTAGCAGGAAAGGCTATGATGGTGCAAAGGCAGATGTATGGTCTTGTGGAGTAATTTTGTTTGTGCTTGTGGCTGGTTACCTTCCT
TTCCATGATCCAAATTTGATAGAGATGTACAGAAAGATTTGCAGAGCAGACTTCAGATGCCCTCGTTACTTTTCTGCTGAGCTGAAGGATCTTATACATAAAATCC
TTGATTCAGATCCAAGTACTAGGATTTCTATCCCAAGGATAAAGAGAAGTACTTGGTACAGAAAACCAGTTGAAATAAATGCTAAAAACAGTGAGGCAGCCACAAC
AAACAGCATCTCTTCAGGTGTAGCTACAACCTCAGGTTCTGCAGAGTGCAGCACTTCTGAGGAAAATCAAGGGTCCTTAAGCCTCCCAAACCTGAATGCATTTGAC
ATAATTTCTCTCTCAACAGGGTTTAATCTATCTGGGTTTTTTGAGGATACGCATGGTCACCAGGAAGAACGGTTTACCACTAGGCAGCCTGTGACAACAGTACTTG
GAAAGCTGAAGGAATTGGCCAAACGCCTGAAACTAAAAGT TAAGAAGAAGGATAATGGAGT TTTGAGATTGGCAGCACCAAAGGAAGGAAAGAAGGGCTTTCTTGA
ACTTGATGCAGAGATTTTTGAGGTCACCCCTTCATTCCTCTTAGT TGAGTTGAAAAAGACCAACGGGGATACTATGGAGTATCGAAAGCTGGTCAAAGAAGATATA
AGGCCAGCACTCAAGGATATTGTTTGGGTGTGGCAAGGTGATGAGCACCTGAACTCACAATCTATCCTGCAAGGAGAGCAGCAGCAGTCCCCATTGCCACCAGAGC
TACCACAGGATCAGTTGCAACCATCATTGCCACAACAGGAGAAGCAGGACATGCCTGAACCACCGTTGTTGCCACAAGTACCACAAGAAGAAGTGCAAACATCTAT
CCCCGCAGAACAAACAAAGAATTAG

OCK4 cDNA Sequence ORF: 1,431 bp)

ATGGCCATGGAGACGACGAGCCAAGATTCGCAGGTGATCATGGGGCGGTACAAGCTCGGCCGGCTCCTCGGCCGTGGCACGTTCGCCAAGGTCTACAAGGCCTATA
AGTTGGCCACCGGCGAGGCCGTCGCCATCAAGGTGT TCGACAAGGAGGCGGTGCAGCGGTCCGGCACGGTGGAGCAGGTGAAGCGCGAGGTGGACGTCATGCGGCG
TGTGCACCACCGCCACGTCATCCGCCTCCACGAGGTGATGGCTACGCGGTCCAGGATCTACTTCGTCATGGAGTACGCGAGCGGCGGCGAGCTCTTCACCCGCCTC
TCCCGGAGCCCGCGGTTCCCGGAGCCCGTCGCGCGCCGCTACT TCCAGCAGCTGATCACCGCCGTGGAGTTCTGCCACAGCCGCGGCGTGTACCACCGCGACCTCA
AGCCCGAGAACCTCCTCCTCGACGCCCGCGGCGACCTCAAGGTCACCGACTTCGGCCTCAGCGCGCTAGACGGAGGCCTCCGCGGCGACGGCCTCTTGCACACCAC
GTGCGGCACGCCGGCGTACGTCGCTCCCGAGGTGCTCCTGAAGCGTGGCTACGACGGCGCCAAGGCGGACATCTGGTCGTGCGGCGTGATCCTTTTCGTGCTCCTC
GCCGGCTACCTCCCCTTCAACGAAACCAACCTCGTGATCCTGTACCGGAATATCACGGAGAGCAACTACAGGTGCCCGCCGTGGTTCTCCGTCGAGGCGCGCAAGC
TCCTTGCCAGGCTGCTCGACCCGAACCCCAAGACCCGGATCACCATCTCCAAGATCATGGACAGGCCATGGTTCCAGCAGGCGACGTGCCCGCTCGGCGACATGTC
CCTCGTCGCGAGCGCGCCCTCGGTGCTGCT TGCCAGAAAGGAAGCCAGCCAGCAGCACGACGACGAGGAGGACGATGGGT TTGCACGGGAGAAGAAGAAGCGGTCC
AATGTGATCATGTCGTCGCCGGTGATCGACGTGAGGCCCTCGAGCATGAACGCCTTCGACATCATCTCGCGGTCGAGAGGGCTGGACCTGTCCAAGATGTTCGACG
CGGAGGAGCGCAGGTCGGAGGCGCGGTTCTCCACCAGGGAGACCACGACGGCGATCGTCTCCAAGCTGGAGGAGATCGCGGAGGCGGGGAGGTTCAGCTTCAAGCT
GAAGGAGAAAGGGAGGGTCGAGCTGGAGGGGAGCCAGGACGGGCGGAAGGGCGCGCTGGCCATCGAGGCGGAGATCTTCAAGGT GGCGCCGGAGGTGCACGTGGTG
GAGGTGAGGAAGACCGGCGGCGACTCACCGGATTTCCGGGACT TCTACAAGCAGGAGCTTAAGCCGTCGCTTGGCGACATGGTGTGGGCGTGGCAGGGAGGTGATT
CGCCGCCGCTCGTGCCGGCGGCGGGGAGGAGGCCGATCACGAAGCGCTCTTGA
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[Figure 3.1.1] Alignment of the deduced amino acid sequences of Arabidopsis

CIPK1 and OCKs. Identical amino acid residues are black-boxed. The NAF

domain, which is conserved among the CIPK family members and involved in

the interaction with the CBL group, is also found in OCK and underlined.

}. Yeast two-hybrid systemS ©] &3 OCK<S CBLS 43538 ofF A}

ke @FA}E OCK faAE] AAZ o713 CIPK 15§ #4454% v

o A &3 7hedol ASFS YE I vk S OCKZF of71dd CIPKe] ¥ ortholog¥d
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7beds dAlskar vk weEbA ojZle HFE mr|eE ¢ wyoew ¢4 OCK17b
CIPK3x 3 AAZ Arabidopsis® CBL @A =3y As#8S & £ 9]

yeast two—hybrid system® & ZFA}stth Figure 3.1.2 oA HE wvle} o] OCKl
CIPK34 ¥ CBL L#° ©@¥xd (CBLL, 3, 4 <S4 CBL3#% 4528&S stk =,
OCK @A E< CBL-CIPK A-$9 #o] interaction specificity® 7}A 1 &< gheld
= AR T3 Figure 3.1.391 434 H OCK2 deletion mutant construct® #|#+s}e] CBL3
o] Az Ago] a3k K5 Aduottt oA thE kinase domain WS 7} mutant®
CBL3%} J528S sx &%em NAF domain®He A3 mutantt= 232 CBL3%} 4
& AEsA FEAES sl ol A2 of71F el ¥l CBL-CIPK Al & 7d& A7}

Wl HEHO JFS s AAET =, oB7]ZAW CIPK39] A2Asd™d 7]s&

_Z’_
ATAxga & F gt AARE A2 5349 OsPKl @R+ OCK familyd] &3}
T FARARZEAN A2 AzAGd #A3tn Jv A2 AP AT waka] 2 AR A of
__F_

- ‘Tf Z‘HZ ‘Slj—‘g-:ﬂ]xﬂoﬂ /1<__17 0]’—11 CK %‘_tﬂ"/\%_ﬂ] /\O]'EZ}‘%—‘S}—‘T} /\H

e WAL AP FAAE B WES FRdnA vk

A B C
pGAD CIPK3 pGAD OCK1 pGAD CIPK3 pGAD OCK1 pGAD CIPK3 pGAD OCKI1
pGBT
CBL1
CBL3
CBL4

[Figure 3.1.2] OCK1 interacts with Arabidopsis CBL3 in a yeast-two hybrid
system. Yeast strain Y190 was co-transformed with the indicated pGBT and
PGAD plasmids. A, Yeast growth on the SC-Leu-Trp. B, Yeast growth on the

SC-His-Leu-Trp. C, Filter-lift assay of B-galactosidase activity.
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pGBT CBL3

pGAD — K1) T (1)
1] Kinase [ NAF 439 — 1) Tt (50.2)
1| Kinase | 309 - K1) T KD

310[NAE 1439 — (<1) + (80.4)

[Figure 3.1.3] The C-terminal region of OCKI1 is required and sufficient for the
interaction with CBL3. Different region of OCK1l were cloned into the pGAD
vector and transformed into the Y190 yeast cells carrying the pGBT.CBL3
plasmid. Yeast growth was monitored on the selection medium and scored as
growth (+) and no growth (-). Numbers in the parenthesis indicate the units of

the B-galactosidase activity. The amino acid positions that flank each protein

fragment are indicated.
t}. Northern blot ¥4 o]2]g OCK +AA9 &d 29 ZFAl

OCK1¥ OCK2 #HAtE9] wd F9E5 ol H7|9lste W 7} 2452
total RNAE #2]3l4] northern blot &41& 33}t Figure 3.14°] &= AXH OCKI
I OCK2E A9 BE Ao vkl FAHAT shARt Ao o3 {2 Hd S
o Wt A #AT 5 GATh olef e WHL M AsHGe] s AR &
217l of 717l CIPK3 frzztet 22 ¥eo] OCK1# OCK2 friaAEe A& Aszxde] #

A%t 9A e H5HE WEFE Adetm ¥ 5 ek

[Figure 3.1.4] Northern blot analysis of the OCK1 and OCK2 genes. Total RNAs
were isolated from the indicated rice tissues as follows; one week—-old seedling

(S), roots (R) and leaves (L) from four-week old plants, and callus 3 weeks
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after induction on the 2N6 medium. The lower panels indicate ethdium

bromide-stained rRNA bands showing equal loading among the lanes.
% OCK$t Bz & &3te 2 aAE AA3< full-length cDNAS £

2 A2 23 & 4709 OCK full-length ¢cDNAZ ## 3ttt OCK1l, OCK2,
OCK4=Z z}7z} Wi g o]lE full-length cDNAZREE] 349 ofniil A9

o]
PR

B8 OCK @& Eo] Arabidopsis® CIPK family ¢ 5739 NAF domaing 7}A] i
L& woFdr AARE OCKLIE yeast two-hybrid assayel A Arabidopsis®] CBL3 &=
Ay A3 2ES 3Tt o]AL E#E OCKE©] Arabidopsis® CIPK family* @ calcium
sensor ¢l CBL &9 Zu4% w4 AEd 435283519 cold, high salt, drought 52 =
Efs wkged #d JheAol ofF =oe s dxdd E o vk & OCKE
Arabidopsis CIPK®] ¥ ortholog¥d 7FsAdo] A= AHolth welby B AFfo|x = oS 4

Ko7 AW EIA yeast two-hybrid systeme ©]&3te] OCK39 in vivo interactor&

el

Fuab Ak olE ¢alA OCK39 full-length cDNAZ DNA binding—domain vectorel
J3lo] bait® ARESEATH I wo] ZhE Mo 7R E mRNAZ #2389 cDNAZ

mm )

AAEEE & getivation domain vectordl 23] ¢cDNA expression libraryE WS 9

yeast two—hybrid screening®l| prey®Z ©]-&3}t}t. Yeast two-hybrid screening= 3 2

FAAE] FadES & 4 Atk OBLE 94
HoolE W FAA gl ddE A7ARS fEo] o7 dielA ®i¥l CBL-CIPK
&S UegdE 9 e 2otk dA7kA OBLL
wol &= F 709 full-length cDNAE A ¥4 o g #ste] 717 OBL1¥% OBL3Z '
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E
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A7Idg AA 2 BAE 5319 OBL12 642 bpel open reading frame(ORF)2 &
213 amino acid residues (&A= 245 kDa)E #743}al, OBL3% 678 bpel ORFZ A&
o] 25.8 kDa <l 225 amino acid residuesE A d3Hs &4t} Figure 3.1.57 3.1.69] e
vhol Zo] fFH opn =4t A d(deduced amino acid sequence)®FE OBL1¥} OBL3 w
AL Zbzk AtCBLI (91% identity)™ AtCBL3 (94% identity)9} o} #-AF3HS g<ldt 4= 93

o} E3E olE F uwle ZAHAS B2 delx A3 A<l EF-hand motifE AtCBLA
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d 37 Afstn vk A2 OBL1S Figure 3.1.3°1 yEeEhd Z3x7 CBL19 target?]
CIPK13¥} yeast two-hybrid systemoll A A3 28-S FAsAtk. 319 OBL32 CIPK19
kinase domain $17F Aoj® C169 deletion mutant <7+ A3 288 FAFPoH
full-length CIPK1¥= o288 shx XIvh o2 Aut= vo Zaiaddr|=ol

of71dhel A W=ty @ AL dAe. +H, E2l® cDNA sequence ¢+ Genomic

DNA sequenceE H|usle] OBL1¥ OBL3 A= 247 8712] exonlZ TAHO ASS
grelth. OBL12 AtCBL1A % membraneo] targeting ¥+ © #ost= Aoz 4yd

myristoylation motif (MGXXXS/T)E N-terminal F¢ ol AF3stx ).

CBLI1 |Y(eyepaH ALSQSIMNGISIE DP VIRLASETAFSVSEVEALFELFKSI SIS VIWDDGLI NKEEF QL AL F KNRSSNE NI@F gl
(2R C F [0]S INA NS HG)V4E DP VL ASETAFSVSEVEALFELFKSI S[€S VIMDDGLI NKEEF QL AL F KNEGNWE N |9 [l
[6)AWANRI FDIWF DVKISYGVI DF GDF VRSIL NVF HP NEGEHE |3} LYDMD®T Gpgl EROE VKQMLI AL L [8E S E Mjt»
[O:IBMANRI FDIF DVKIQNGVI DF GDF VRENLNVF HP N|ig E S L YDMDMT G|3#l ERIQE VKQML I AL L [§E S E M}ty
[:IRERE] INDE (NI E|ll LDKTF SDAD L3NS D JONP SLLKI MTLPYLIDI TTTFPSF VF 8IS E VD BBENT PAK]
[0):IMENN] NIDE Ml EfNl LDKTF SIDAD T BRAWE N NENNP SLLKI MTLPYL|SDI TTTFEPSF VFMS E VDIDISYT pAK]

[Figure 3.1.5] Amino acid sequence alignment of AtCBL1 and OBL1. Residues
with a black background indicate identical amino acids. Dashes indicate gaps
introduced into the amino acid sequence to optimize the alignment. Solid lines

below the sequence indicate position of EF-hand motifs.

(H3 Y081 DEF|HVESSFFREFIBI [B] YIXOS LARETVFSVSEEALYELFKKI SSAVI DDGLI NKEEg!
3 1YL 081 E€VIXQLIEGVL KD LIDL - | X8P IJLARETVFS VS ENJEAL YELFKKI SSAVI DDGLI NKEER)
f: BYF QL AL FKTNKKES LF ADRVF DLF DTKHNGI LGFEEF ARALS VFHPNAP|@SIOKI DFSFQLYDLKQQGFI ERQIEY
o £ QL AL FKTNKKES LF ADRVF DLFDTKHNGI LGFEEF ARALS VF HPNAPIBRBKI DFSFQLYDLKQQGFI ERQYM
f8: £ VKQMVVATLAES GVNLS DEII EST I DKTFEEADTKHDGR DKEEWRIL VLRHPS LLKNMILQYLKDI TTTH&
105 631 VKQMVVATLAES GVNLS DENI EST I DKTFEEADTKHDG DKEEWRISLVLRHPS LLKNMILQYLKDI TTTH®
le: &3P SFVFHS QVisDgl 27
f0: £31°PSFVFHS QViB DN 5
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[Figure 3.1.6] Amino acid sequence alignment of AtCBL3 and OBL3. Residues
with a black background indicate identical amino acids. Dashes indicate gaps
introduced into the amino acid sequence to optimize the alignment. Solid lines

below the sequence indicate position of EF-hand motifs.

7. OCK3¢ OBL19Y A% #8835 Yeast-two hybrid systemol A ASF

Yeast two-hybrid screening< &3 2% OBLE©°] 4 OCK3¢t full-length
TolA ALE HEeeS FAS = 7HE 4 OBL1S o]&3te] A3 B oytt. Figure 3.1.7
oA o & = whek o] pGBT.OCK39 pGAD.OBL1S &7 41+8 yeast celle] 740l
9k Histidine, Leucine, ~L12] 3 Tryptophan®] Aol ¥ synthetic complete (SC-HLT) #j =]
A AAstg e filter-lift assayoll Al f-galactosidase BA S HolFE= FEAS gt} o
213t reporter gene?l =& UAS OCK33 OBLI1©9] yeast cello| 4] Eojx oz A3 #-g3h
S yehdth 33, pGBT.OBL1¥ pGAD.OCK3<S *338l= yeast cell= $19 reporter
gened] WAL Bt} o9 2 vector-swapping A& A3+ OBL1¥ OCK37 224

= vectoro] A#glo] A5 AL3FS HolFEr)

pGAD.OCK3

pGBT.OBL1

pGBT.OBL1 | pGBT. OCK3
RGAD. OCK3 | pGAD.OBL

SC-LT SC-HLT Filter-lift Assay

[Figure 3.1.7]1 OBL1 interacts with OCKl in a yeast two-hybrid system. The
circle at left shows the arrangement of the Y190 yeast cells carrying the
indicated pGBT and pGAD plasmids. The second and the third circles from the
left indicate growth of the vyeast cells on SC-Leu-Trp (SC-LT) and
SC-His-Leu-Trp (SC-HLT) media, respectively. The last circle shows the

filter-lift assay.
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vF, OCK 2 OBL family member A}°] 9] interaction specificity 273

OCK3<& baitZ 3lo] 53 OBL1Y OBL3 @¥ldEo] OCK fmaily ¢ t&
memberE 3= A3 284S = 7S yeast two-hybry assayE E3 ZAsES Tl Table
3.1.1° yelt ZAAH7  OBL1¥} OBL32 H|= interaction strengtht™ TFEXA|TF B A9
AF&H 4719 OCK family member (OCK1, OCK2, OCK3, Z13]i OCK4)E¥ 43285
stith. OBL1# OBL3 @iz w5 OCK3# 7Hg ZshAl interactions 8lo™, OBL1->
OCK4¢t OBL3 OCK2¢h 7b ofstAl Adsisivh. whebAM, Arabidopsis®] CBL-CIPK

complex* 8 OBL family member £ 34 ©]/9] OCK targets 7Hd & A& &

&

it} A HF o] A olE EEVF AAE Arabidosise AlEWAA complexE A g

omatA = etk AAZ+= OBL # OCK familyol &3t 7H7he] A 959 AIHA

fto

)

T E 29 AEZW X (subcellular localization), L2 3L interaction affinity %2

g2l 747 adld ofaN AEHew 24" Aow WA

Table 3.1.1. Interaction of OCKs with OBL1 and OBL3 in a yeast two—hybrid
assay. The N-terminal domain (N) or C-terminal region (C) of OCKs were
cloned into pGAD vectors. Combination of pGAD.OCKs and pGBT.OBL1 or
OBL3 were co-transformed into the Y190 yeast cells. Yeast growth was scored
as growth (+) no growth (-). Numbers in th parentheses indicate units of |

-Galactosidase activity assayed.

pGBT OBL1 OBL3
pGAD - (<1 - (<D - (<D
OCK1 - (<D +(6.12) +(24.62)
OCK2 - (<D +(13.36) +(4.84)
OCK3 - (<D +(56.49) +(60.89)
OCK4 - (<D +(4.52) +(5.69)

A OBL#}9] @328 223% OCK #4919 24
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OBL#e] dsago #olsta = OCK #9115 ZAsH7] 918t OCK19
N-terminal (kinase domain) ¥} C-terminal 9 277 #AA% OCKIC ¥ OCKIN
deletion mutant® pGAD vectord] FZ4YsAth. E3 OCK3ZHH pGAD.OCK3N %
pGAD.OCK3C deletion mutantE "5t} Figure 3.1.894 & 4 Ad59o] OBL family
member?] OBL1¥ OBL32 OCK$] C-terminal region (OCKIC ¥ OCK3C)¥} ZstA A=
Zgeks & 4 9lth dA| N kinase domain WS AF3 OCKIN¥ OCK3N deletion
mutant®}i= OBLE<L complexE 3 AR Xtk oA NAF motifE& X E3F+=
C-terminal region®] OBL¥o] A& 2tedol] QlojA dasti FE3 Fogts s Hole
o} Ev 2% AL full-length OCK1l ¥ OCK32 159 deletion mutant?! OCKI1C<e}
OCK3Coll vjalA OBL¥#o] A5z =7t oksttls= Aotk = OCKE kinase domaine
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pGBT OBL1 OBL3

PGAD S<1) -(=<1)  -(<1)
ocki B U S(<1) +(6.1)  +(24.6)
0 CK N S s
OCKIC BI85 449 -(<1) +(235) +(80.2)
OCK3 1 439 -(<1)  +(56.5) +(60.9)
OCK3N ' 310 -(<1) - (<1)  -(<1)
0CK3C F11 | 439 -(<1)  +(90.1) +(90.7)

[Figure 3.1.8] The C-terminal region of OCKs is responsible for the interaction with
OBLs. The kinase domain (N) or C-terminal region (C) were cloned into the pGAD
vectors and transformed into the Y190 yeast cells carrying pGBT.OBL1 or
pGBT.OBL3. Yeast growth was monitored on the seletion medium (SC-HL) and
scored as growth (+) and no growth (-). Numbers in th parentheses indicate units
of B-Galactosidase activity assayed. The amino acid positions that flank each

protein fragment are indicated.
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ol. OBL#¢] o47]1Zd CIPK1#%S] ¥35%8& HF

Aol A -2l B OCK @i dEo] of 7|4 C

S A¥Hos wHrh webA OCKe Zshgste vwd=z FE¥ ¥ OBLEC] 7%
) CIPK 189 wwadEs A3 ¢ 9 7% ZAFe vl Figure 3.1.99014 &4 & 9+
vpel zro] OBL12 of7]%d] CIPK1I @z y &wex Fsa-&atqivy. =g CIPK1Y]
nonkinase %17} OBL1%¢] ZAge] #Holsti A% ¢ 5 AT SvEAE OBL3S
full-length CIPK13%}= 43 2H8S &%
9= H5 S 3l S kinase domain®] CIPK19] C-terminal® OBL il ZAlo] o] A

B ders Fsta glon HFA o R full-length CIPK1¥ OBL whwlZe] 4
528 oRE At B F Advk o9 22 AT A= of7]d CBL-CIPK 534
FA M E BAE T = AFNE B 9] OBL-OCK %8417} of 714t CBL-CIPK 2 g o}

oFF FARSITHE A WPStE E shte] SAdm ¥ & Yk

g © 1} kinase domain®] AoJE C-terminal <

pGAD OBL1 OBL3

pGBT -(<1)  -(<1) -(<1)
CIPK1 444 -(<1) +(9.23) -(<1)
x»: [T () -El) -l
C169 276 444 S(<1)  +(15.5) +(5.0)

[Figure 3.1.91 OBL1 and OBL3 interact with the C-terminal end of CIPK1l. The
kinase domain (K292) and the C-terminal domain (C169) of CIPK1 were cloned
into the pGBT vector and transformed into the Y190 yeast cells carrying the
pGAD. OBL1 and OBL3, respectively. The plus and minus signs indicate yeast
growth and no growth on the SC-HLT media. The activity of B
—galactosidase was measured and indicated inside the parenthesis. The amino

acid positions that flank each portein fragment are indicated.

_35_



2 OBLArAAS 7|ad 2 97 A58 43 ¢ 24

OBL1¥ OBL3 3 #Fe] @& UGS 94 northern blot2 E3 #28Ath. Figure
3110ACA H= wpel o] F FHA BF ASkE ALd Ao BE 7|HeA & 2dy
3 9ddvk B, northern blot Bvh ®7gk 719l real-time RT-PCRE &3 OBLI1%
OBL3 & =}e] od kas 493 A3} root, stem, leafoll A & Fdx =5 wjnzd z-

LEEL AR er OBLLIS 4 stemellA & eFe] @ten OBL32 7ol leafol A

ko] We AL ol 8 4+ At (Figure 3.1.11). Housekeeping A A2l Actin29]
AH-EE= FH3to] internal control 2 AREsEATE APl 229l primer &< intron-exon
boundariesE ¥ 33} A designdl®] genomic DNAZY E = RT-PCR product’} A7) A Al

shelch. @9, olg 74 9% Aol U@ f04 wAge] WaE 4uugeh Figure 10B
o4 @ & ol AAY OBLIS 4% 2 @@ 4Et ABA, NaCl 283 A&} 2e 9

Fapgol s ZA 9T A 23S & 5 Jddu A7 OBL3SY A$ A2 <
Al transcript 3 Fo] TATE TASNIY. o9t T BIAYFL OBL3 FH AT H
9 AL AzAL7|Fd #AST S RAFE HAHFA FAGn & 5 Uk
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[Figure 3.1.10] Northern blot analyses of OBL1 and OBL3 genes. (A)
Organ-specific expression pattern of OBL genes. Total RNAs were isolated
from the indicated tissues. (B) Expression patterns of OBL genes in response
to diverse extracellular stimuli. Two-week—-old, hydrophonically-grown green
seedlings (left panel) or four-week-old, soil-grown green plants (right panel)

were treated for 24 h with 20 uM ABA, 150 mM NaCl, 0.1% BTH (BioWP,
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Novatis) or cold. Total RNA (20 wug) was separated by electrophoresis, blotted,
and hybridized with 32P-labelled OBL1 or OBL3 c¢cDNA. Ethidium
bromide-stained rRNA bands in the RNA gel were shown as a RNA loading

control.

A B

300 1.2

250 1

200 0.8 |
150 F 06 -
100 r 0.4 —
050 - - -
000 ‘ ‘ 0

Root Stem Leaf Root Stem Leaf

[Figure 3.1.11] Real-time RT-PCR analysis of OBL transcript levels in different
organs of Arabidopsis plants. (A) OBL1. (B) OBL3.Total RNA was isolated
from various tissues (root, stem, and leaf) of wild-type plants grown under
long-day conditions. Real-time RT-PCR was performed with either
OBL-specific primers or Actin2-specific primers (internal control). Bars
indicate the relative ECT1 transcript levels normalized to the housekeeping

gene Actin?2 transcript levels. Data present means of triplicate samples.

z}. GST-fusion systeme ©]€3% OBL 2 OCK ©¥1d9 3z A 2 AA

S Agtsty oz Felsly] s e HAAH ols v A EFEo] k= Al Mgy oo o)
b 2 AT 52 F29E OBL1¥ OBL3 18]al ol 53 7P ZetA HAE 4
3= OCK3¢ cDNAZE Z+7Z} pGEX-4T-3 vectore]l PCR 7]|€& o] &3} in-frame & &

GST wild o] C-terminal ¥¢1ol 24 39tk ©]E construct’} AAHel= fusion ©9 2
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2 E.coli (BL2D)olA & o] glutathion Sepharose 4B beadel] ¢l&] AAl¥ F thrombin
digestionol &3] GST7} AAE Hel2 HE B4 AY (Figure 3.1.12).

A B C
1 2 3 1 2 3 1 2 3
g L, e Pastam pmeiwin
2. Thenmibin digemied farm
3. Purified praisin
OBL1 OBL3 OCK3

[Figure 3.1.12] Expression and purification of recombinant OBL1, OBL3, and
OCK3. (A) GST-OBL1. (B) GST-OBL3. (C) GST-OCK3. In A and B, lanes 1
to 3 contain the GST-fusion proteins, the cleaved forms, and the purified
proteins, respectively. The proteins were analyzed by SDS-PAGE, and the gel

was stained with Coomassie blue.
7}. OBL1 % OBL3 @94 ZgZdY 58 HF

OBLE <f7]1&the] CBLA A Al 79 EF-hand calcium-binding motif& A -3}l

&3k
ZAbE Tk E. coliolAd @@ Aal®w  OBL1Z OBL3 ©¥Wl&d&  o]&3le] native
polyacrylamide gel oAl Z71o] uwg& iAol o|FAHEel WslE #F#A3sS Tt Figure
3.1.13014 uehd wlel o] OBLI® OBL3 wWA& Ca’ o EA8: laneol A Ca™
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A B

[Figure 3.1.13] OBL1, 3 are functional Ca?* - binding protein. (A) OBLI1. (B)
OBL3. Proteins were purified and incubated in EGTA or calcium-containing
buffer before being analyzed by 12% native PAGE. The gels were stained with

Coomassie blue. As a negative control, GST protein was used.

E}. OBL1 # OBL3 ©¥ &9 3 AAk

GST7} AlAE Fe= E. colidlA AAl¥ OBL1I ¥ OBL3 ©¥l#d2 &7 (New
Zealand white/male) =4 E polyclonal antibodyS =4 AF&E Q) o]E 349 titer
£ ZAst7] f1dte] Figure 3114014 H= uwpel o] vdt w9 S o] &5t
immunoblot assayE 33tttk 2 Ay AiHE OBL1 ¥ OBL3 &A7F wl-$ £ titerE

AL e & g Sl

10ug 1ug 100ng 10ng 1ng 100pg 10pg

OBLI -‘ - oo —
15— — e e

[Figure 3.1.14] Immunoblot analyses showing the activities of rabbit anti-OBL1

and anti—-OBL3 antibodies, respectively. For immunization, the rabbit was
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injected four times with 0.5 mg of the protein at an interval of 2 weeks.
Following incubation at 37C to inactivate complements, the rabbit whole blood
collected from the celiac artery and heart was centrifuged to produce the blood
serum. A series of different antigen concentrations were used to determine the

efficiency the antibodies.
o, PAASEA AL
1) OBL1 3% OBL3 @9 d< Z7 #F ddst= 7| Z3d FEA8A A4

A Adddd s OBLo] of 714t CBLe| ortholog2A A& Edel=

g @ mEdR Adadge] dejsta gle Aow AdEd. webr OBL +4d At
vt A o] Wsli= Arabidopsis CBLE AAHH A2S Xost= 37 ~Ey s o
A&l A dFgS = Ao AdEn. HE F AR o dAFAe wEw
CBL1, CBL4, CBLY & x4 2&d e wsl= o718 24 AL, 7hw, 22
1AE T A ZEd o] dE A w®WsE oprlstslvh. wiekA OBL1 % OBL3
X ol¢t H=g Vles WA st dddEn ol AE FAbstZISlE] OBL1I %
OBL39] full-length cDNAZE zZtz} 4 FAA3g WEQd pCAMBIAY FZ2Y sl
CaMV 35S promoter®l] 2]d] @& E=E A (Figure 3.1.16). ©]E construct® ol 7]l
of =gd3stg e 1 wE %S real-time RT-PCRY} western bloto & Zeldle] 3atd 3
AAgAE EYstdtt  (Figure 31.17). &vsA% OBL @A <4714 CBL#}
= W d4Ad
SA= A 22 Fol 9tk Figure 3117914 R+ whel o] OBLIS #& Tdsk= of
71740 FAASA = wild type (col-0)¥} Hlusle] A& ko] Zpol= woll ¥ A YEA
gttt kAT OBL3 & 2d of 71wl A&=A= wild type (col-0)¥ Hl& A4 o=
ol Akom APE stemo AL oF 2ufo] el RES HATh ol A& 7

2EY s AP off = dor A Fojth

d
ot

ol

cross-reactivity 7} =& €<1d 4+ Atk OBL1Y OBL3S & d
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o
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[Figure 3.1.15] Schematic diagrams of OBL1 and OBL3 over-expression

constructs.
Over-expression line Over-expression line
Wt A B C E F G H JoBui CBBWtA CD G | J KoBL
o "
e e = ' "'-. ) - [ -

[Figure 3.1.16] Isolation of the Arabidopsis transgenic plants that over-express OBLland
OBL3, respectively. Top panel shows an immunoblot using antibody as probe.
E.coli-expressed and purified OBL proteins (1 ng) were loaded as control.
Bottom panel is a membrane stained with Ponceau to show that each lane

contains equal amount of total protein extract.

FE5I0ML3-C5

[Figure 3.1.17] Photos of Arabidopsis transgenic plants overexpressing OBL1 and

OBL3, respectively.
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2) OBL1 =+ OBL3 ©¥ A dwdo] 33 RNAi A& At

TR 7es ol 3 7HA] W T Sy loss-of-function mutantE
FAHS AFsE Aol wEbd E AFolM= OBL1I =+ OBL3 §##2 7]%
S AAdE (s AstE) EdWolAlE wHE7] 918 RNAi 7|&S o] 8389t ol & $131¢]

OBL1 % OBL3 &=l W3 RNAi construct (Figure 3.1.19) & %H&o] Agrobacterium
(LBA4404) & o]&3lo] W9 callusdl =ste] FFAAEAE IdAUA AFAHS o] &3l &

gatdck 2283 MY FAATA lineSEHE total protein extract® mF#E o] OBL1
2 OBL3 @] ud A2 western blot #41S o] &3t ZAFeA v} Figure 3.1.209
A 4 e A OBLI 2 OBL3 w9 de] o] 7h7F A3 hadt 273 e

T 3
23 F line B FH3YGT. ol FEAHSAZHE total RNAS E#]3}e] Real-time

)

rr
o

RT-PCRZ 413 A3 OBL ##A%9 transcript levelo] AA 3] 7423 AL & = U
EAES 7193 o TAE Bol dv Uz Iy 9 A
=& X3l 4 2Ed 2o didt A S ARl St Figure 3.1.2201+ ol &

F A A8 A e Aol gtk AAY7tA] o]E RNAI line E9lA wild type B¢ & &

Xbal Pstl BamHI

HindIII

HindIII

[Figure 3.1.18] Schematic diagrams of OBL1- and OBL3-RNAi constructs.

A OBL B. CeL3
RNA- Ine RMA- e
Wt B1 B2 C1C-2 D4 D2 We12 3456 7808

5 _
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[Figure 3.1.19] Immunoblot analyses showing knock-down of OBL expression in
rice. (A) OBL1. (B) OBL3. Upper panels are immunoblots dectected by the
indicated antibodies. Lower panels are membrane stained with Ponceau to show

that each lane contains equal amount of total protein extract.

1.2

1
0.8
0.6
0.4
0.2

0

Wild type OBL3(+-)-1 OBL3(+-)-3

[Figure 3.1.201] Real-time RT-PCR analysis of OBL3 transcript levels in rice

transgenic plants.

=4
T —

Wild type OBLY(+-)-B2 OBLI{+-)-1

[Figure 3.1.21] Photos of transgenic rice plants with reduced expression of OBL1

and OBL3, respectively.
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2 ato] WAl #EE A g ATE FAs AT 28 §AA A7 4=
¥ Arabidopsis %3} cold acclimationdtE A EAZ AAA 712 Az AAZ ¢
Tahed % Bztelol A A4-E TSk

&R 9} Arabidopsisoll Al A2 ~E#H 2~ AgAH #AHE FHAAES 5357 5]

AzAgz AL AdY FHAEe] Tde] fr=d AEAE o83l Suppression

o

CEREE D

>N

Subtractive Hybridization (SSH), Mirror Orientation Selection (ODD), Normalized Library
Expressed Sequence Tag (nlEST) 7|HES Al&3sle] A2AdAdd #HAAsg etz F45H
= FAAES gHFoew 356t 28] 3 northern hybridization¥} quantitative RT-PCR
7o R o]5e WHFFE B I F, ALZEd 2 odte] fFRE= FAxbet
3 AZ4HE+E= AES Rapid Amplification of ¢cDNA End (RACE) 7o 2 full-length®]
cDNAE gHeT guE o5 FHAEY A A - A5eHQl 7lss tHat7]
?sto] Hujel ArabidopsisE model plant® o]gsto] dAAE & 5, AAZAL 7]z
A el Aol 7lss ARnrsiow A2AdHe 24l F= FAAE ofddl AEolA
FElvete] FAEQ Bl ZQlste] ARAFA Ol £ HEST S Zad &

o] 7bs @Al tigk 7tsd AR ATE A st

2. 7% ¢ A5
7Fh AddiYd A48 g1 9 RNA F5
1) AZAE &x 2 total RNA &

B Ao AL&3 Be (Hordeum vulgare L.) &%

AEHRANA A8E EFEtor, idd ddd FdAE5 dddetr £459 F83 #

o N
rlo
of
f
=
fol
frt
%
4»
o,
off
t

AR e SHE 9sto] AFESFATE 1831, Arabidopsis® ColumbiaZ AF&3tgth RNA
= F%3t7] 9sle]  Chomcezynski®t Sacchiis Waslo] AME3E=d], protein
detergent® AR&-# guanidium salt= @A7HA delxl 7 2&4]) RNase inhibitor® &
2 3ol A RNAFZ] g2l o] &5 gt

AL HEE A &2 wild typed 05, 1, 3, 12, 24, 48 A3t F<F 4TCAA A=

A2 st wild types TH S §, total RNA FZ° R 95 74z oF 2g8 AREetTh 5
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=% RNA+= 1X MOPS-formaldehyde 1% agarose geloll 4] A 7] &3te] rRNA band’} ¥
3atal, ODgsosotk o]l 1.8017¢1 RNAA = WE A ste] 5337 260nmolA s2& AH&Es &
70Tl ®B#sh 7 Aol ZA RNAE FE39<dl, 2g9 AI52Z5H oF 500-700ug
9] total RNA7} F=F At} Total RNAZHE mRNAE Dynal UKAFS] paramagnetic
oligo dT DynabeadsZ ©|&3}o] F&3}%al, Total RNA 7ougS 5ol 3AAIA 7ou
g/100uLe] ' A3t

2) mRNA F&

Total RNAZ 58 mRNAZE Dynal UKAF®] paramagnetic oligo dT DynabeadsE

o] 83} messenger RNA7HS total RNA sample® F 5 #2391t}
U A2 AX2FE 32 FHE 93 SSH 9 MOS

71Zel SR altil?} blti3 TRl FAAF olQo i Ao fFR¥E FAAES
2o}  @H3l7] $95te] SSH (Suppression subtractive hybridization) € MOS (Mirror
orientation  selection)&  F 339tk Suppression  subtractive  hybridization <
CLONTECHA}el oja] Z <ol 7Hde Wi o =24 inducible gene®| el ol &&4<
Wom de A gk 4TAA 05, 1, 3, 12, 24, 48413t A& 2l® F 1 (tester) 2 A&
A A b Frel (driver)®] mRNAZFE Zb2be] ds cDNAE 43 ths cDNAS
Ztel  hybridizatione - X=3t¢] hybrid sequenceE A A A2 e 3] HFEH
unhybridized sequence%tS PCRo| 2ol Axslsict. o] A Fo| XA adaptorst

primerS ©]-83}9] unhybridized sequence?] AHZH S Lol =77} 22 cDNA fragment

fo

= A AU, Driver ds cDNA 2 uL.E 2 plL9 adaptor 13 adaptor 2°) ligation® tester
cDNAE ¥39et= 270 tubed] 2H2h H7bekddnh. 22la 98°ColA 2&3t denatureX] 7]aL 6
8Tl A 8A17F &<t hybridization*] A t}. 1st hybridization¥-oll, & sample2 heat-denature
F driver?} 7 AL, overnightZ 68T ol 4 hybridization A % t}. Suppression PCR&
F335l7] st A= 2 F /M9 adaptor primer$t nested primerE AF&3I3aL, FZ
PCR product® TOPO TA cloning kit (invitrogen)Z subcloning AlZ 2™, E. coliol

transformationd}o] cloneS 21 3891t}
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g ANZE AXHFE 732 FEE 93 nlEST

=

HEA NEH EED FNIEE ol§3te] AL (40) L 97l AUH DNA

zii /\Egﬂ_/: =z

. —=

librarys 753t A2AZAHS FoAT + de= 8% FdAE F

K

Aol FHz Tde] SA4S FHst7] f1dtel cNDA clones 74912 dEste] d7]4qd
< AAstArt. 28 o] AAE A7 EE GenBankel 4sA AALE FaAst] 1 7
S =AU B AFS 583517 ¢8te] w507 cDNA library= 1x10°9] primary titer
£ BHivd o HdYE BRE FAAE X3 F de AR Ao e 44
3k ¢cDNA libraryt insert7} $IAW ol &S insertE 74 clone?] H|&o] #ofof 3dir},

e

Ao AFEE libraryol A #2912 AEE 200719 cloneE2 EF insertE 7FA 2
A=d, 05 - 3.0 kb Alel9] Z71E Bt} Insertd] Hir A<l =7]+= <F 1.3 kbAE It}
200709 A1 do] AAHE cDNA clonee] EST (expressed sequence tag)= NCBI dbEST

o &%= At

g ALFE FAA A 93 reverse Northern analysis®t €714 48 £4

il

analysisZ 33} th. DECAprime II DNA labeling kit (Ambion, USA)Z ©] &3} probe
= A#sd a2, Nylon membrane® 2 PCR$ A A% cloneE2] PCR product’} transfer ¥
2Tt Nylon membranes 0.2M sodium phosphate bufferoll A 1027F 223 & 80T ol A
3043t baking Al #Ath. WHEA ] probe<t nylon membrane< 20A1 7t &<t hybridizationS 2
A3l th. SSHeF MOSHH S o] &3] F 38070 clones FAHZE Al on, Awtw
38071 ¢] clone®] reverse Northern —Er’l.% E3}o] (Figure 3.2.1), A4 FEHE Ao
2 Ho A= 192709 clones FAH o2 ZAA3A d7|AE 24 S T35 (Table
3.2.1).

AdtE clonegE°] AR F% FAARIAE &A357] $31e] reverse Northern

I
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Cold-treatment

Non-treatment

[Figure 3.2.1]1 Dot blot ¥4

[Table 3.2.1]1 SSHe MOSelA A% & cloned @7IAE 443

Clone ID Futative identity Species a0x1" E—wluJ Eut-gur}"’l
blt-ald | Unnamed protein product 0. sativa 3 HE-25 0%, 10 .
blt-ald | Futative G—phosphogluconolactonase E. guineensis S8 TE-25 0, 02 .
blt-als | Cation diffusion facilitator & 3, hamata 7 2E-25 0a, 19 .
blt-alt | Hemeoxygenase 1 3. bdcolor g3 4E-25 10,04 .
Blt-azi Lruﬁ:ﬂ:fﬁamruhimiuramhrdmluseimeur H valgess 86 oF_ . o1 |

_ Zine Finger [C3HC4-type RING finger) B _ '
blt-aZl brotein Family &, thaliana 51 TE-14 07,01 :
blt—ai2 | Futative aldehydeoxidase 0. sativa G5 1E-25 11,05 .

_ Rikuloge 1.5-bischosphate _ '
blt-a23 arboxylassactivase H. wvulgare 63 GE-21) 0z, 20 :
blt-ai4 | Cold-regulated protein 2 H. vulgare g8 1E-38 11,01 .
blt-bl6 | Lipdd transfer protein TaZb H. wulgare i GE-30 07,13 .

_ Rikulose-bisphoephatecarboxylage  oxyvgenas B _ '
blt-kl7T » Somll sohonit T. arstivum g8 GE-T3 0z, 20 :
Blt-kz0 Lruﬁ:ﬂ:fﬁamruhimiuramhrdmluseimeur H valgess 58 1E-56 . o1 |
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blt-b22 | 803 rikosomal protein L31 F. frutescens| B4 05, 01 ‘
blt-bE23 | Z-oxoglutaratesmalate translocator F. miliacoum T3 JE-59 02, 02 :
blt-cls | Hop-specific lipad tramsfer protein H. wulgare 7 GE-31) 11,08 :
blt-cl8 | Hypothetical protedn H. wulgars T4 JE-63 13,00 :
blt—cd0 | Phosphoglucomutass T. amstivum Q9 HE-53 02, 20 :
blt—cil | Methyljamonate-inducikble lipoxygenase H. wulgare 100 E-11K 08, 02 :
blt-cd2 | UnKnown protein h. thaliana 65 TE-25 12,00 :
blt-cdd | AIP-rikosylation factor 1 0. sativa Gt GE-10 02, 10 :
blt-cd4d | Photosystem I protein psafl procursor H. wulgare o3 4E-45 02, 30 :
blt-dl3 | Amino acid selective channel protein H. wulgars Ga GE-64 10,01 :
E1t-d15 ﬁfﬂg::e-uﬂmniueﬂ galt=inducible 0. sativa 50 9E-154 07,13 ;
blt-dl6 | Putative Riesfe Fe-5 precursor protein T. amstivum 100 2E-54 a7, 01 ‘
blt—dl9 | Peroxisomal multifunctional protein 0. sativa 81 0,05 09,19 :
blt—dz21 :Et:::ve H-acetylglucceamine-phosphate 0. sative &7 o578 0419 :
blt—-d24 | Hypothetical protein i, corcale Q8 4E-08 13,00 :
Blt-p1d | TUEIE e T ESrolTSEeshAte | 0. sativa 9l | 6E-13  01.06
Blt-sl5 | griiilie TRIFTAnLeracting protei, 0. sativa 54 | 2821 09.19
blt-el? | Photosystem ] antenna protedn H. wulgare 100 2E-67 02, 20 ‘
blt-el® | Carkonic anhydrase, chloroplast precursor | H. wulgare ™ 3E-01) 08, 02 :
bBlt-e20 | Hypothetical protedn A, thaliana 53 TE-40 13,00 :
bBlt-ell | Flasma membrane intrinsic protein T. mestivum a7 2E-45 10,01 :
Tl e el IR N S N BT
blt—£14 ;gtﬂt.h'e CEL-interacting protein Kinage 0. sative - BE-41 10,04 :
bBlt-f15 | Translation initiation factor T. mestivum BE QE-52 05, 04 :
Elt-fl16 | Sedoheptulose-1. T-bdschosphatase T. amstivum i ZE-64 10.04 :
Elt-£20 EEI‘?:I}I:IW# nit;gnl:\inﬂim protein of LHCTI H. walgare 100 2577 0%, a0 ;
bBlt-f21 | Ribulose-S-phosphate Kinase T. mestivum Cl | JE-82 10.04
Blt-f22 | Triose phosphate translocator T. amstivum B3 2E-03 o7, o7 :
Elt-glS | Amdnolevulinatedehydratasa H. wulgare T4 ZE-48 08, 02 :
bBlt-glé | Putative BHLH protein 0, sativa 56 TE-62 04, 22 :
bBlt-gl7 | Copper homeostasis factor A, thaliana a7 5E-14 08, 04 :
Elt-gla Ei:::r:inm aggenbly protein APLT-1like 0. Emtive a7 EE-611 &, 13 ;
bBlt—g20 | Chloroplast precursor 0. sativa 5d 2E-15 0z, 30

blt—gd2 | Putative calreticulin 0. sativa 85 3E-G1 11,05 |
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blt—g23 | Probable cinnamoyl-Colreductass A, thaliana 57 1E-56 01, 06
bBlt—g24 | Clathrin heavy chain G, max ! SE-24 0g, 13
blt—hi3 | Cytoplasmic ribosomal protein 0. sativa 53 SE-41 0%, 01
bBlt-hlS | Unknown protein 0, sativa B2 1E-08 12,00
bBlt-hl6 | hutophagy T. aestivum 100 2E-45 03,01
blt—hl7 :::;:;:::ESEJILH 1 pyrroline-Secarboxylate | o o - oF- a1 0. 20
Blt-hig | feflll Seeciiis ribosonal protein B 8. oleracea | 63 | ZE-13  05.01
bBlt-h1® | Samdlar to rikosomal protein L30 R, morvegicus 76 JE-23 05, 01
bBlt-h20 | Inducikble phenylalanine ammonia-lyase T. mestivum L 2E-T0 12,00
Blt-hal | G cEemiemeshatacarionylage lane H. wilgare 89 | 298 0220
blt—h22 :::;:;:::ESEJILH 1 pyrroline-Secarboxylate | o o ™ E-41] 0. 50
bklt-hi4 | Hypothetical protein 0, sativa 65 4E-64 13,00
blt-il3 | BLT4 protedn H. wulgare BB BE-D& 07,13
blt-ild | Lipdd transfer protein TaZb H. wulgars 58 JE-30 07.13
blt-il5 | ATP-dependent Clp protoasse 0. sativa B0 9E-19 02,10
blt-il6 | Asparaginesynthase :;I':r“ doalatal ES 4E-OF| 07,10
blt-3il7 | Putative chelatase subunit 0. sativa a7 1E-37 02, 30
blt-il8 | Putative chelatase subunit 0. sativa T3 1E-12 02, 30
b1t-320 | Hypothetical protein A, thaliana ] 2E-23 13,00
blt—-i2l | Unmamed protein product 0. sativa T SE-08 12,00
blt-3d2 | Ferredoxin T. aestivum T 3E-27 09,19
blt-323 | Metal transporter family A, thaliana 58 4E-54 07,01
blt-i24 | Bowman-Birk type trypsin dnhibdtor H. wulgare 85 BE-1K 10,59
bBlt-j13 | Putative cytochrome PASO-related protein | 00 sativa ™ BE-25 02, 20
Elt—il4 gﬂu&eﬁsﬁm'r.e-:urh:u::.llusefn:rgemse H valgess 100 oF- 6] 0. 20
bBlt—jl5 | Putative Fyruvatelinaseisozyme h 0. sativa E4 Q9E-T3 02, 30
blt—jlb | Putative calcium-binding protein 0. sativa T2 SE-43 11,05
bB1t-j17 | Hypothetical protein 0, sativa 4 1E-TH 13,00
blt-j20 | O5JHEaOOBAHOD. 5 0. sativa =] 4E-40) 03, 19
blt—-j22 | Putative glycinehydroxymethyltransferase 0. sativa a2 E-103 05, 01
bBlt—j23 | Unknown protein A, thaliana B9 4E-55 12,00
bBlt-k1S | Unknown protein A, thaliana 3 2E-61 12,00
bBlt-kl6 | Rikosomal protein L3 T. aestivum Q8 E-115 0%, 01
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blt—HK18 | Putative cytochrome BS 0. sativa a7 2E-55 20,10
Blt-k19 | Unknown protein 0. sativa ™ 2E-T1 iz, 00
b1t—k20 :}i:rﬂugehiamuﬂ:hutecurm:rluaeu-:ﬂvuaeis H valgess - EE-64 0220
blt-#21 | Legumin-liKe protedn Z. mays T 2E-79 06, 20
blt#23 | Hypothetical protein 0. sativa B3 2E-83 13,00
blt-k24 | Hypothetical protein 0. sativa T2 IE-37 13, 00
klt-114 | Hypothetical protein 0, sativa 63 SE-22 13,00
Blt-116 | Racalosebisiomhatecarboxylase CXYIRIASE | T, aestiwum | 09 | 1E-8§ 02,20
blt-118 | Futative 403 ribosomal proteian 515 0. sativa 85 2E-T0 05, 01
Blt-1ip | Fie FecommUtion motif (RRM)-containind | g gative o4 | 1E-40 0422
blt-121 | EH domain-liKe protein 0. sativa T BE-61 05, 07
bBlt-122 | Acetohydroxyacidsynthase H. wulgare a9 EE—TEf 05, 99
B1t-123 | Putative AEC transporter 592 0. sativa B5 1!—1'15 07, 25
blt-124 | Shaggy-related protein Kinase gamma 0. sativa 2l JE-61 10,04
blt-mld | Catalaseiscenzyme 2 H. wulgars 100 2E-33 11.05
blt-mlS | Cold acclimation protein T. aestivum BE 1E-39 11,0
blt-mlf | Hypothetical protein 0, sativa 52 2E-13 13,00
blt-ml? | Hypothetical protein A, thaliana G0 GE-35 13,00
blt-mlB | Hypothetical protein 0. sativa B2 TE-53 13,00
blt-n20 | Chloroplast precursor H. wulgars 65 1E-11 0a, 22
blt—ni2 | Futative microtubule-associated protein h. thaliana 69 1E-40) 09, 04
blt-n24 | Stress responsive protein H. wulgars ™ 1E-35 11.05
blt-nl3 | Cold acclimation protedn H. wulgars 100 BE-33 11.05
bBlt-ml4 | Aoyl carrier protein A, thaliana &0 SE-15 0z, 20
bBlt-nl5 | Wound dnducive gens H. tabacum 51 TE-45 11,05
bBlt-nl? | Eukaryotic initiation factor 4A 0. sativa 96 3E-85 05, 04
blt-nl8 | Futative CRT/DRE-kanding factor T. arstivum a7 2E-45 11,05
blt—nd0 | Fructose-bisphosphatealdolase 0. sativa 93 BE-TH 08, o2
blt—nil | Futative glyoxylate induced protean 0. sativa Ta JE-5K 13,00
bBlt-nid2 | Unknown protein 0, sativa o4 SE-T7 12,00
blt-n23 | Photosysten | reaction center subunit XI H. wulgars a1 ZE-GE 02, 30
blt-n24 gﬂu&:ﬁ:ﬁmucurm:rluaefn:rgemse T. westivas - cE-ae] 0. 20
blt-old | Chlorophyll as/bk banding protein B, oleracea G4 BE-11 02, 30
Blt=ol5 | Putative nifll-1ike protein 0, Eativa =]n] 2E-55 02,23
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\
bBlt-ol? Hypothetical protein 2. cereals o4 EE-80 13,00 :
bBlt-olB Zinc-finger protein 0, sativa T 4E-5K6 04.19 :
bBlt-o20 Hypothetical protein k., thaliana 50 IE-11 13,00 :
bBlt-o2l Chorismatesynthase 1 L. esculentum T3 4E-63 09,13 :
bBlt-o22 Leaf-specific protein Mosl9 T. asstivum 50 TE-45 11. 05 :
blt-023 ggg:ﬁl;rnmmmmm transfer protein H. walgare 7| 2E-20 0713 ‘
blt-o24 Phosphoethanolarinemethyl transferase T. asstivum [T ] 4E-23 11. 05 :
blt-pl3 | Expressed protein 0, sativa (i GE-24 12,00 :
blt-pld Cytochrone BS k., thaliana 7 OE-33 02, 30 :
klt-pl5 | Hypothetical protedn H. wilgare a7 5E-30 13,00 :
blt—plT Futative transcription factor 0, sativa a7 1E-45 04, 22 :
blt-pl8 | Chlorophyll A-B kdnding protein L. esculentum G2 1E-10 02, 30 :
blt—p20 | COF alpha homolog T. aestivum B4 BE-56 09,13 :
blt—p2l Glutathione S-transferase T. asstivum = HE-3Z 11. 04 :
blt—pdd FNA-kinding protein ts T. asstivum 100 1E-44 04, 22 :
blt—p23 Calmodulin-kanding protein 0, sativa 50 SE-33 10,01 J

dSimilarity of isolated EST sequence with pre-determined gene sequence of GeneBank
PFunctional categories based on MIPS

i FHE ALRFE FAAEY JTEA
1) altil 3 # &4
7}) DNA 9471449 g1
RACE (Rapid Amplification of cDNA Ends)7|® o2 altile2 %3t {229
putative full-sequence cDNA$} ORF(Open Reading Frame)E X &} 1, databased] 5

S48 3540 e FAAE AA G7IAG Mg Bael AA G1NDL 53

A=S gttt (Figure 3.2.2).

o
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AT T A ARG AR A AL CAGE AR AL LA CARCT AT T CA TR LT G AT ART TRAGCT R PR AMACRRGAAACTETTE
GACAAGTTTCTORAACAAANGT TTCAAC AT THGACC ARG TRAAGATIT A GCTCTC CETGACTEAGTTACAN CORCCATTGET AT
AT O TCTTRET T T TR CARGEAACT TCTCCTAT TOOAT CACATCTACTCO AT CCTAMACEAATTCACTCAT R
DT ARG TE R MG AL T To ARG TET T C TG GACAT TTT G TT B TAT GEC TR CTRETC TGAACGTEATCCTATC
BT CATCCTCAGGATGRACGETEAEEAT CTCTCGGAGT TIET CLACGRCCC T BCA TATGAAAT CoNGACCAT TTCTET TR TCTCAGASCTL
T A A A G AT O T T AT TG AT G T ARG T T A T T CTTTC T T TRATCATGRAA TR CTOCTT COAMOGAL
COAT e TR ARCATCETAGAAL CAATTETT GACTCT TR T CTTEATGAAGARGAT AAAGAGAGIAAAG G COTCTCACAGAGH.
T T GRRACATTCARG A GG TR TGG AGNGT TG LT CAG R T CTCAA T GAA G CET A TR T TICCTCACAGORIAAACACCTTT
AT R BT G LA T A A BT CT TG AT AR T TG A T C G T A GCACT A C T TRCCAT B CA DG T TOCRARAGADDET
GG AN T AT CT AR GG T AT AL G T TG LTI A LA T CT T ACCATOGRL CACTT TACCACCAA TAGCORCTETETCOAG
ATCEATARTATRATARTGG AL G T IGA A T GG TOAATCRAGL T GATEE AT GTRET CAL GG ARG ANGAGT T TAAGRARACARTEGC
GG AT G A LA DT TG A TGS T AT L AT AT OO T T T AAC TG TR0 T TCACEAGL COCTEACCTRECT
ACCTTTCTGLCT CARCTTORACTEATACRAGEAGCCTTCAME T4

[Figure 3.2.2] altil¢] ¢cDNA 714 <4

W #desl B zEe Ay mE A 2d 5 2] W 24

o

g1 E altil f4AA= probeZ o] &3te] A3 droughtE A28 A EA A F&
gt RNAZ Nothern blot #4115 33ty Frd FHAA} A2 FEES AT
A altile A2 7] (05 1A $) B8 F44 @ddo] Sdl¥ 3, droughtA

M= wEwke] WstEs #ET 5 gldnt (Figure 3.23). 18s RNAE EF A3 49

[Figure 3.2.3] A3} drought A g o] ¢]3 RNA o3 IS4
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olr
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o
T

altil FA%e] ALY FuE GNANLS AL B8 Bud &

=

e

|
A& 33 A3 (SMART; http://smart.embl-heidelberg.de) 3712l EF-hand domaing

7}A = putative calcium binding @A 2 FAH At ugtA] o] wwido] AAE Z4H5AH

A=]
R

3 s¥o] =TS gel mobility shift assays &38te] ZAFSFAT o] FAARZEFE LAY
= 9] AagAgEAAS ATl Aste] pGEX vectord] FHAE S EYSAAL, AE
How oty dulds AAste g AFdet=AE dotr ] S 2SS FH5
o E. colidlA #&d AAE atlil EHMAS o]83}4] native polyacrylamide gel “gollA =
Aol wE wujde] oo Wsts wEedT. Figure 324004 Hi= whel o] atlil

2 9 Ca” chelator 91 EGTA7} X335 A3 Ht} w2 A o
&3tk AT controlZ AFE¥E BSA @A o] A9 EE lanedl A FLHA ol E 3t

= : 2+ 5 5 A =]
At o] Ao mRH atlil GMAL Ca 3 A T F Ade dWAdS Fs5A

MO LENH 0000V LD GS DT WEL VENEXVE DRFVE SR F Q0L DADEDERLS

BSA atlil
VIELCPAVADTGAALGLPAQGTSPOSTRIVSEVINEFTHRSUERVSKTEF  Ca2r - + - 4

KEVLSDILLCMARGLRRDPTVILANDCEDLSEFVHGPGYETESTSVF SEL

SSSROASLRDC VAL 5L VDHCHPPSID Y TVEP TVDSCLDRED
FRERSASOERFLEAFRRVVESVAGRLAEGPVTVARSENTFDGSGTRALLS
NRFEFDREL R IRE T TR RO e LAV LD

DY REEFRRTHAETL GO TMLALECSPISVSSH
SWHEPLTSATFLPSISTOTEEPSN

[Figure 3.2.4] altil®] @A X L3} calcium-binding assay
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B s #He A% 54 Gud T

A2xey  HgRFPE  dojx]  RNAE  Stratagenerl?]  HybridiZAP-2.1
yeast-2-hybrid library kitE AF&3to] cDNA library® A 2¥ A3, Arabidopsis®] Y2H-&
cDNA library:= ClontechAt9] Match Maker kitS AF&3lo] A 2H&dth. Arabidopsis®

altil - 2+E bait® screenings T3 23 A o= 12719 interaction & FHo= A

7t e = FHEES beta-Gal assay® &sto] @t o5 H7IAEE A% A3 o
MRS AoelA Yasiule 29 TR FA2E grsdn (Figure 3.25). $1H A%

Sl P700 o, thE shubs 7] E o] dE A A] &S putative protein ©] 91T}

I rimm e S EPELL ke Halma
1 B vhimenii ) i B P i
o FE rhoad bt B
1] TSI gl gy g

S vioammd oeie S0 b e R e

i A R EE | setrerm | FUI vt i (Lot b
=3 | i
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i s I e OTH bt B
il i o [T (R, Bl o I0YD (MR
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- - » 4 | P
£ FIRET o T R ST e A T \ i *; er | FRRHNTIWIE T R
IR LTSS RV 2N T U ?' \ TR E W -'.|:rr-.'|:
1 PRED I S R e e P AT . [0 R R
ary |1 AR 1L AR IR AL T i | AR AR ) et b sl i L8 O |

a'.'iJ TR DL T LTS "l
o ¥ ity (T, B = S0

G B HIEHE B
“ ':':':g.—:_ et = TVIE | ), Pginiom = A PR
¥ BEEHE X Fiias = +]
o LB | WPCEEE || il chis il i Pk, i | b L (g 0 ELCTPREES | NEFEEETIOPLEL) il B TIUT ST AR 0
WTTIRC o AR || frwmnbas e podemi o Suctes A7 Lo iy o] EACTRRERM, | RS i e B i e
- _.—_.;_r_T_EE | Wl BT il b 1l |l  tH] FALT PN | REEST T L) L RGN R D

SR LRSI LS ||t fval for BT [ rom bamn iy fd |
SR by (L T (] s bt b vl i b St PR Ll o sl : ; %
ST e i s - Gy 0 LR T MR |
= & i Ll RE ] YESEACHEYE
ENE T AR | bl T W M- BT 1SS IE T B 32
ey e o e it 1 LALFRERL T VR LB (5
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By d  FTFIIGHET EETLET TRl LG I PR RE RS 1D ’\ ’\ ’\ S . f -l
PN EERL AT, LI AR E R \, N 7 \, equencing iaiure

Shipt A BTHPIG TR ol ML I LEESRTE RE RIS A0E &

By 1 ENTRPALANT BEIT ROTLET AIRTLARNE I
& T LR R I N CAPLES LR T
Bi1r S R T T ERLET A S TLREETH

[Figure 3.2.5] Putative interactor of altil (yeast-two hybrid interaction assays)

vh) deAg $H G Ed 59 in vitro pull-down assay
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altil A A= pGEX vectordl cloningdl®] bacteria BL219 4] over-expression A]
A diEs Freigdn. o9t FE5A8d Aow A4y P00 FAA+= pET vectord
cloningdt®] Promega $/AF2] TNT invitro transcription/translation systems ©]-83}%]
PS-Met © & labeling® ©92& A2bakArt. GST beadsel altil w2 d 3} GST @9 A&
2yzy B 7l S A AR EAE P00 9 A S 4o A5AEsS T dEE
WA AT RG-S SDS-PAGEe A &<lgk A3 altil®} P700°] A sote= ApAES &
= AAt (Figure 3.2.6).

P00

{ﬁf

i Wi translated
[*E IMet-labeled PTO0

$PT00 not bind to GET

wora

S FTOD bind 1o
GET-alil fusion protein

1 2 3

[Figure 3.2.6] In vitro pull-down assays of altil and P700

Hh) gAdSA S A 2s 24

altile] 7| s4dAd=dWolAl= TAIR dlolgHuo] 2~ HAE Fatol T-DNAZF A4
H EdWolAlE gREHA, o]F o] &ste 4 AR 2EHAA BAS e FREEHAS
o] W&-& FALE 7] 98te] germination testE S AT 2 AF} NaCl A g 7ol A

wild type®E.t} wol7} A ES 2AEAT (Figure 3.2.7). o]+ o] FAA} FRAEH A
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S AHA Anslel 9ge FeFE Anet & 4+ Ark 2 alil FEA FopEd
]

A
29 AEAT AZs] 4} ke BAFGOL FAGOR fI4S AAE AL

p

Omid B A aind
Owr
||-| — — i :
3 o
100mM -
£ o0
i ”
150mM - R
S
T ¥
— A i b o 2 i | |
£O0mM L i o0 150 il L

W&l comcenfrabon (mdd)

[Figure 3.2.7] altil 71524 EdWolA e wolg AA
AR altil AR FAEE 75 g o

AMrA o Fe AE] WA FFPHES T AGAUA, Hsht AL
ol FelA WstE A, oo FE FFA 71 s AAE] SAgatae) 2
Tt AN FAe A EA FIE 75T
@oloz zZgsitty A A Jvd Mustill ef al, 1997; Batschauer et al, 1998). whz}h
A altile] A, Aol oJate] wde] FoiEa, Zgol3 Afatn, Aol o o
&S 3= P700 @A Asabg s ARARRE A2 o9& wAsE g
fluctuation AEE QIAste] FFA ot A2EatagolA Jazs Yellls daolx
FAAE 2 Vles St dudolgtn FAE vk ol Huth ¢ WEe] F
By e 2ol #
°jgk P7009] 715<] Wt ek AFAJA A etk 2y AR e] AREE
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2) blti3 fAZ £4

7F) DNA 9714 <d2 g1

RACE (Rapid Amplification of ¢cDNA Ends)’| S & blti3e =z HH

pud

& 7

A9

putative full-sequence cDNA<2} ORF(Open Reading Frame)E 2 X 3}% 11, databased] %

23

oS &2l (Figure 3.2.8).

o
=

facs

ATECRATEATBETRGATOCT CORACE GO TECCAANCCATORCANGCACTAC TACAL CATST GECAGACCATET TCRARATCE
A AR T BT L A G A T O A e R A e T A A TR T T TR T T AT CAA DO A G A CAA TRR A
T D T A G AT A A T T T T A LT T e T CT A G LR T O AL T T OO RECAL
T B A T T T T T A A A A T A TR T DR T A LR T AL A C R LT T A A TRTCT ACT TR TCT S
AGCT CATEACACGRA TCTECATCAGAT TET CAAGT OST CT CAGCCRC TET AT GAL CAC T CCAGTATTT CCTTTTTCAGET
TR TR L T TCAT T A GG CAT ACT LA TAGRG ACCT A GOCTLGRARL CTTC TR TCART GEAAMCTIC
TG T CTGT CACT T CET GG T LA CAART A C AT AAACET CAC TTTAT CACTAAT ATCT TR TCACCCGCTGET
AT AT O oG TR G T CT T COR A LA A CT A TE A CA T CC A TRGAT G T TR T CTET TR TR AT T TECTRAGCT
AL TGO AN AT CTT T CAGGAAC OGN C TGO CT TAATCAGC T TARGE T TATAGTCART GTTCTTCELACCATRABC AN
e AT AT T AT A AT AN G CACEC ARG T ACATTAAATOR T TOCATACALTL CABGC TTRCOCTCARTALCA
T A e A T T T TG AT T T T G TOCA G AN T T CTIGT CT TOGRL COT T CARARGGAT CAGTET CACYICA
T Tl A LT T T A T G A T A T O A G O A A DT T A G TG A TE AT CTT CACA TAGAT
A T T A T TG T OO G T T TE T R A G AT GO A G AT CAC O CEC O CAGEAT R TERATA
TETA

[Figure 3.2.8] blti3¢] cDNA €714 <

W #7489 H zEE ALl e FHA4 dd % 4o W 24

rlot

HFAol we fAAE AA GG Mag Foel AA 9NDL H5a

g1 E blti3 FAHAAES probeR o] &3lo] A2 ABA, ethylene, drought, salts *
23k A EA oA FZF3 RNAZ Nothern blot #41& Fa3te] gre §xx7E ALd
=29& Fosgtt. B9 blti3e A2, ABA, ethylene, drought = oA & o] St
e #&3A T (Figure 3.29). 18s RNAE EF 543 %o RNAV} loading H A< 4

9.
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Ethylene Drought  Salt

1h

ABA

Cold

12h

50%

12h

1h 12h  48h 1h  12Zh  48h
| B - e

Wt

[Figure 3.2.9] blti3 F+A A9 @& FA

0

T
o
%0
o))
H

=3

A4

o
T

putative MAP Kkinase

7ML £ 23

A=

o
T

blti3

AAtt (Figure

3.2.10).

TR

[Figure 3.2.10] Multiple alignment of DNA-binding proteins with blti3

_59_



&) gaer 54 AT

blti3 FAAE=E F7|Ee] B4 A3 putative MAP kinasefr AAHET =& 54
S B FAJa, akst EAVE 7 E BER 9d AdS A Ad}dnh wEkA o] f
AA7E QAAkst E4E Ddsks Blo] ARERIAE FH e $18te] Gateway systems ©] &
3le] pDEST158+= #2344 2 vectoro]l F24Yedth. F24YE molecules ¢ vl
S Foptd A7 = 4 9 BL21(DE3) codon plus RILo| ks thgtol A A% A7
IPTGE A #ste] blti3 Fdze] A== AAdHes dikst 245 Jopbdd Azth
pDESTI5Z %€ 3t} wtdwd M ALe solubledt AE|Z EA13F9] nativedh

=
GST-beadsE ©]&stel BAT 4 AR (Figure 3.2.11). BAE dadoe] 14kst 549

N

e Ho

EAS 7MAYE AL in gel kinase assay2 €& sl & 4 It (Figure 3.2.12).
biti3
Fute M Emte M
-
+
75KD
& S0KD
10 % 305-PAGE
Coomasie stain
[Figure 3.2.11] AAH blti3 ©N A [Figure 3.2.12] In gel kinase assay

u}) Genomic structure

blti3 A=A copyFE <ldlr] 935t genomic DNAZ Southern #4& 43

33 tt. BamHI, EcoRl, Hindlll AZF2o AT A =2 genomic DNAS A3 T 15%
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agarose gel°l 100 voltZ 18cmE #7]

DNA Z#HE<L Nylon membrane®l

dE AT dr|gsel oste] AV|ERE FEElH
transfer® 1L, Biol0l (USA)¢l Southern Light
Chemiluminascent detection kitZ ©]&3lo] &

=

=

G blti-2 FHAbe] dEEe] A AF
013} 93 TF.Genomic southern blot analysis 232

d8S st L A o] A Za

genome’doll A single copyE EAdtE FHAAS &

= AAT} (Figure 3.2.13).

o) GuE fA4 gl Az

blti3¢} GFP fusion proteing A 3H=
assayS Faddte] AEY wwgde Ry =

[e)

=

o F At 28y F2 d o= |ocalization] = ‘Er‘iﬂ.él%]% AdS Foke] & AN
t} (Figure 3.2.14).

[Figure 3.2.14] Subcellular localization of blti3

_61_



A e AHEe A% AsAE gue)

AeAdel®  HYRFE  dojx]  RNAE  StratageneAte]  HybridiZAP-2.1
yeast-2-hybrid library kitZ A}-&3le] ¢cDNA library® #2513, Arabidopsis®] Y2H-&
cDNA library:= ClontechAte] Match Maker kit& Abg3hol Al zkshgivh. Bl blti3 3
ZE baitZ yeast-2-hybrid screenings 33ttt o] Qitstg el 7jd @A 37

913 Y2H screeningS £3dto] & 207019 A3 LS & AoE FAEE yeast colonyE

<
il
o
_0|L
2
[u—
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)
lo,
o
Lol
_Qi
oo
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il
2
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]
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¥
¥

WAL, o] & [-galactosidase assa
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L
it
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S,
7

2,
(o
il
o
ol
ol
L
=
o
EL
=2,

322014 Bo] inframeo 2 EAet= FoaE FHE FHAAYS & & A0

[Table 3.2.2] Putative interactors of blti3

Clone ID Putative identity Bessr’gerggtsch S(%)? | E-value
blti3—i01 Rubisco large subunit Barley 100 e—148
blti3—i03 Rubisco large subunit Barley 100 e—148
blti3-i04 Rubisco activase isoform 2 Barley 97 e—120
blti3—i05 Glyceraldehyde 3-phosphate dehydrogenase Arabidopsis| 83 e—-105
blti3—i07 |Putative cleavage and polyadenylation specificity factor Rice 96 6e-66
blti3—i08 Unknown protein or Lectin Rice 77 8e—-84
blti3—i09 Rubisco large subunit Barley 100 e—148
blti3-i10 Rubisco large subunit Barley 100 e—148
blti3—i11 No match - - -

aSimilarity with pre—determined gene sequence of GeneBank

off

o}) blti3 FHAte] FAHE 7]



1) AtCBG #+3A &4

) SnE guAde 088 7% 43
AL 2EH2 AzAGe #AHE 2L FAAE B8] 98] genome AT

N
N
el

A ¥ Arabidopsis genome databaseol| 4] T EZRE FEo| A&Fx HAArelzr Ags)

L R9E AN, BgsEds AsAge] Fad AEALA

o

Zrgro| Lo Ade 2= g
+ EF-hand motif& 7= FAdAES Aoz Adstt. 224 F9& 7=
FHAAE 27] 918te] MAtDB (http://mips.gsf.de/proj/thal/db/tables/tables_func_frame.htm
D] PROSITE, PFAM, and BLOCKS database® 7 A&ttt 2 A 271 EF-hand
motife} AT A F23 &S st Aoz 47 small GTPase domaing 7FAE
AAE 2E A=, & cDNA9 Zeoli= 1,932 bp, 643 aa® A& oF 79 kDa ©] %
= AtCBG7} U5 5l = amino acid NES SMART program
(http://smart.embl-heidelberg.de)S ©] &3} motif$} domainell ™3 AH3 FALS #3353}
Ak 2 Ay Zgoly AT 4 di= 2719 EF-hand domaing 199-227 aa <}
319-347 aa ¥9o A2t o, 15-184 aa H-9o] RHO-type like GTPase domains

M-S 4 e (Figure 3.2.15).
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O TPk i EF-hared mianif

|

HHLEGRESAG CRTSLIOAVE SORCTCRISE JSRASRINE DINPRILPEL
TLPADAFPDY IPFITIVDTRE SIDMRIKLIE EFREADVVLL TYRCDQFETL

DRLESYWLFE LERLEIRAPY IVVGECELDLR DERSPARLED THEETHEETR
EIETCIECER LTLIOVPOVE YFASRAVLHE TEPLFOQERD CLEFRLEARY
REIFHLEEHD CoGALEDAKL Hopwhahea PLOFELMGY RIGFAQERGED

OYTOLOLTLF OFLFLFELF] EROGFETAMA ILRHECOTHDA LELEKRELLEYV
PARQEFDGEI ELTHEAMOFL BOIFGLSOLE HECALSEAEL DELEGTARDE
FNLEDFYFER RAEETPEFSLT IRFLSEWAL MTLLOPREFL ANLITIGYGH
DBEASTFEVTR KRSVODRREQR TELTICFY FEPERSGREA LLOSFLEREFR
SHEYRATHGE RTAANVIDgP GGEMETLILA EIPEDRVERF LTWEESLARE
DVATWYDEE DVYSWBRARE ILMEVARBPIE ERFUIOTFCLL VAREDDLDEY
PHEWGESDRY CHELGIDIPY SLEMELGEPN SLFSRIVETR ENPHMSIPET
EFGERSRHIR QLVEESLLFY 5WEFTAVGEAG LARTRATSAR EEK

[Figure 3.2.15] AtCBGS &3 A9 & F=Z

o

W #ded 2 sas Al e faA4 2d B dAd o w24

ok

AtCBG fHzte] 2EgzoAe] Wy LS dolrry] $lgte]  quantitative
RT-PCRS F#dstltt. £4%d AtCBGE W7 E9 2E#HE Ao 2dF] F7hst
A=d 53] ABASH NaCl AgAl 7Hd Be o] wdeo Z7hrt Yelyt) o= AtCBG
A 47F ABA-dependentdt Tt 2Ed 2~ As G A #ARo] S AolgE AMEE
dE = AtACT3E 5 593 9o RNAE quantitative RT-PCRS 9 3}o] Al-&332
S BRAF3 v (Figure 3.2.16).

AtACT3

1 2 3 4 il il 7
e 0 1

[Figure 3.2.16] AtCBG &3¢l &8 ¢4
0.5 mM SA (lane 2), 1 mM ethephon (lane 3),
0.1 mM MJA (lane 4), cold (lane 5),
0.1 mM ABA (lane 6), 200 mM NaCl (lane 7)

Lane 1 was a control plant
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A

AtCBG Fd#He] @7IME=RH SGrd didqd s IS 3 vl v
o] B8 33 A3 (SMART; http://smart.embl-heidelberg.de) 27§2] EF-hand domain
S 7}A = putative calcium binding WA 2 FAH T welA] o] galdo] AR 24
A% s8] 9lE7kE "PCa’ blot binding method"E Ab&8te] ZAMEIITE o] AR
B ddy e gde] AHdR54S AFsty] sk pET vectord]l §34E F24 3

d5tel 243t AYHEAE Lohuy] AW 4

X

g, 4EHow drheds wuas A4

S St A¥AF PCa¥ o] &L positive control®  AMEE  ZHAFTwE A

{0

calmodulin (AtCaM4)¥ AtCBGell Zgatlont, BSA @idel= ddshA] detes As

oF = 9ldth (Figure 3.2.17). ©] A@o2RE AtCBG ©¥WAL Ca”'d A% & F e

=

£ & &

{kDaj

115 ==
= ATLHEG

B ==

AR —

+= Atk

o =

4 I-Cal-l-

[Figure 3.2.17] Calcium binding assay of the recombinant AtCBG

2}) GTPase activity A4

AtCBG: wwlzaxd E4Z23 N-terminal 15-184 aa %ol RHO-type like
GTPase domains 7FA3 ot weba o wwido] GTPE GDP®E hydrolysissh=
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A3 AtCBG+E GTPase activityS 714
deags AFES & 5 AT (Figure 3.2.18). Z5 0|
Aol FUEYrE 1 ol FRoA = thA

U A S & 5 dJ Y In vitrool
o

AN FPE A3oluw olgd Adr Zgol AAagFe] AAAIA FIEAIA N A |
3 A2 e 5 gloy, Zwo sERstd ot aadAo] 2dHY= 22 U
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[Figure 3.2.18] Determination of kinetic parameters for the GTPase reactions
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RT-PCR< 33 23 ACBG +xA7F A8 BdHA] @25 & 5 ATk o] EdWolAE

Aol ojste] Hopgo] HAS Wolilvh= AMEE Woldds Fotel & 4 AT (Figure
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[Figure 3.2.19] Characterization of T-DNA insertional mutants of AtCBG
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AtCBG fxzte] FR2Eds Asdd Ao el Hoy ¥E&e 75S 1Eaty] 9
gto] 7524 EAROIA S FRAEY S Ay HAE 7o Wz fFHRE] W
Fopars gelste] Wdth NaCldtk ABA A2]x] ABA AsAgds #dd &
ABI29] Hdo] oAy n o wEA FEHS & 7 AT (Figure 3.2.19D). ABI1Z ABI2 7
A= protein phosphatase &4 2 ABAJ] 93t AsdGS ZHsE 9dadS 3= Ao=w &
HA Atk o] HFHAEL 7Fo] AAEA AEA A ABACl 9F w&o] YE}R kol
ABASEAQl FRAEH 2~ 7o dg A& % AA 7} BE7FsEHA Hol Vi 574
ZANME FAEole] A7l o] Foi A FEHA| Ho] Ax A Eo] AAle] o2 A )
AtCBG®] 7]so] Z24H EdWolAldA FE2EH 27 7tel S vl ABAOl did k&=
A sk ABIIZ ABI2 frzke]l 2dlo] wme=7 fFrdv= 22 AtCBG7F ABAd
fEAR FRAEYA AsAY HFAA e fAste] 1 AsHGS s Ve S
AT o] 3 APAZRE AtCBGE ABAJ gEHQ FERAEHA AT

PN
-
EU Aol o] MakE At FRAENS NEE AddE /1S s
=

OETE R PR ERNE Y

olr

Ho
ol

AL 2EYE AaAdd #HdE A2 FHAAE sl 7] 98] genome 9T
7} &€+ 9 Arabidopsis genome databaseo]l Xl TEZEE FHo| A&F HAFIA7F AgHet
= F9E A, FAE2EY 2 Aadddd Fa% AadEAl Aol Age 7 9l

i+ EF-hand motif& 7M1+ FHAES AFddo= Adsqdy. ZE4as F9& 7R =

rl

FAAE 27 918t MAtDB (http://mips.gsf.de/proj/thal/db/tables/tables_func_frame.htm
D] PROSITE, PFAM, and BLOCKS databaseZ A3ttt 2 A3 1709 EF-hand

motif¢} helix-loop—helixE 7}A] &= ZHAIAE @=stA ) (Figure 3.2.20)
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tuu-n-u-?-i EF-hand hﬂ:‘-ﬂ

m -

MINTODNLLMIEALLTSD FS PP LILPANLSLET T LP KR LIAVLNGT HE PWS
TAIFWER SYDDF SZERAV LWL Y TOOHNEEETRORLERNET T L8 SFEEK

X ¥ E=YT=X =%

NI LATKAFAS YHIVLYTCSD L IY RS OCDRAN OOV ILOT I LC T FPEHN
CVLELAS TEE IR S DLFNA I RF LA OGS Y FESCAPNSNSELF PPOLES SC
SETVTEHPHFSPVYT LONRYHLNF STSS S TLARAPCGDV LS FGENVED S FE

HNENFNTY 800 IO FHATVHLEFFHZEHRCREPAHTEDHE FLNHVEAE RM
R EHR LNHAF Y ALRAY VR NS FED BT S LAV C Y I MELES KA ENVELERH
ATETI QFNELEETAGRFNA TP EVCFTER RAS EHMIT BV HE THES DDAR S REVE
BRFDHHFEAR LMNA LMD LELEVHHAS T 84VMND LM QoA FME LETY KGE
ELFDLLMASKIS

HERCE P NHVEREEME =R R NER YA RV ERVSFMIET SLIETAVCY TNEIESEAE.  AdNIG
NGREEPINHVERER F-ERLEOR FYALRAVVENVEFMIEAS LLGIATAY THELESEVY  AxMIYC2
FRKEMPRRNLMRE AR KELRTR LMLV PR I SEMIRAS [LGIAT DY LEELLIRIN ICE1
FRSRSAEVINLSERRES IR TIEREALELI FCNEVIRASMLOEATEYLESLQLON) PIF3

[Figure 3.2.20] AtNIGY] @92 Hg 2 3%

rlot

W #7489 H zEE Al e FuA4 dd % 4o W 24

il

AtCBG frdzte] zEg oA ddFdS Potr7] 9ldte]  quantitative
RT-PCRS Faatqlth £418 ACBGE -] ~Eus AoA wd o] Fretg
=dl 53] ABASt cold, NaCl Agj»] 23 F7H7F F=8HAh o= AtCBG A7}
ABA-dependent$t &% Z~Ed 2 AadGyAe #HH o] QS Aojgtes AMAES dHE
o} AtACT3E 2RS¥ T93% %o RNAE quantitative RT-PCRE $13le] Al&395S B
o]F 1 o} (Figure 3.2.21).

Controd  Cold ABA - Na(l Jn 8, Eth
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[Figure 3.2.21] AtNIG AR @& FA+
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ANIG Fd#ke] A7 dz5E gny gndg

rO

e 38 Ayl (SMART; http://smart.embl-heidelberg.de) 17§ ¢] EF-hand domain

l':?__
S 7}A] = putative calcium binding WA 2 FAH T wela] o] galdo] AR T4
A3 8ol dE7tE "Ca” blot binding method"E AMgate] ZAlalt}h. o] =5
B Uy gl del ZAHAdEAAS A7l flste] pET vectorel|l FdAE 24 3

i, ATAoz HrpddE gwAS AAste] ZEd Ais=AE dolry] 9e AY

—

S Syl AFA PCa” o] positive controlZ  AFR®  ZHAZEwA
calmodulin (AtCaM4)@} AtNIGo] A @ oz Agslgd o), BSA @l o= Adalx ¢
B AL 4 5 AT (Figure 32.22). o] Ado2RE ANIG ©WdL Ca”'3 4F

g v diAgs gl
- =
5 2
kD2 ————
o1—|- | EEstE
62— | ST d
4 = | A :' i
B=—|L s
| i
450 g2+

[Figure 3.2.22] Calcium binding assay of the recombinant AtNIG

2}) DNA A%5= HA

AINIGE 99 AXd EXAF c-terminal F 9ol helix-loop—helix DNA-bindig
domaing 7FA 2 T} weta o] o] DNAS ZEste 58S 7HA=7HE H4sd
th 12]al DNASHS] Ajtsdo]l Zgol2o ol d&FS wreAd gt FAd HA
< st 1 A3 AINIGE 92 helix-loop-helixE 7FA = ZAIALS} wpz7bA] =2
E-box#}= DNA elementell ZAgtatdtt. Lejut Zpolo] Folvd fitol olate] 1 A
of xHH =A== A ozt sl 2T = vt (Figure 3.2.23).
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[Figure 3.2.23] DNA-binding property of AtNIG

oh EAMolAE o] &% Frasds AsALAANAY F 0A

ANIGE] 82202 AFA2HN A 715g B8 TEaIs1ste] o F1142)
7o) AAE WolAE SALKZHE Huagic. ol 7]
stol RT-PCRE 598 2% AINIG #4247 48 2854 28¢ & & AU (Figure
32.24).
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[Figure 3.2.24] Characterization of T-DNA insertional mutants of AtNIG
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NaCl, ABA, Mannitol 2]l 2]s}e] Wolgo] T3] "WojHthi= A S ol g S
F AT (Figure 32.26). ol& EdWolAe] ABA, 1, A2olre] WheS AmE Ay}
ABAS 1 ¥FE 2HoA Wz WSS Hol= AL AT a2 Ao wt
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[Figure 3.2.25] Characterization of T-DNA insertional mutants of AtNIG
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3) CYP97A $ Azt ¥4

AZA YA Ca®/CaM ZFAH signal transduction®] THLASS AF33l7] YalA,
W7 FS-label® CaM probeE o] 83te], A2 ¥ Arabidopsis cDNA expression library S
screeningdtAth. 281, AA7FA v positive cloneES 5 Flom, AR EH|E-E clone
55 oA oz Auste] Agtstar vk A WA clone (CYPI7TA3)2 carotenoid biosynthetic
pathwayoll #ol® CYPI7C1¥ 493k homologyES HolFAtk. CYPI7A3 proteine 7ol <&
#7l cytochrome P450 enzyme?] ®E EAS ¥3Hst9itt (Figure 3.2.26).

A CTFSTAY RANATPLSTTPTITVIP T TSR R P2 Rn P LEEMN S PGS LERLOEE IR B 1 2 1 2
CYPHICL  meememee-NESELFSFESSSTSLT TURPTRLLAPRPRF TR IRSS 12- KFRPILETHE LDa
CTFEIEY  —eme AN P ALATYF THT OGGAL HLG R TR ECLE GF Y POT LSRR REANS [RDOSTE o
H L Toae e a4 2. -
———

CTFFTAY  AELSARIASG AFTVRESS FETVENGLER 16 I PENVL D FEF DTG O TP EVPEARGE T
CTFFCl FESQEWIFD VLTTLTR LGN ERG T LRTARL DDV AD Lo —— - 512 =
CTFFIB3  FETHNGNILINASNLLINILE == =G LGS TALGEW S DL (R e e e %

al wa I [ as s I wa 0a @ .

CTFITAY QUVENEAFFIPLYELFLTUGGIF BL TRGF R LIVED FATAKHILISRIRA TIRGTLAE T M=
CTFFICE =eeea ALFLPLYRKABNETGR YRL L ASFRITTIVIDP LT AKHILPTF - TLR LV ATV
CTFFIBY = FLYLALYD ML ERGEL THL ARG PRV I SO P IT ARV LEIRAF STORGFLAL ]
PRI, ER, & R REERD WED OEILCURR FEINEEIE., 0 REZINED +':-'ﬂ1‘ +EGT&

CTRFTA  LOPVRGGLT P CE IV R R VP AL R LA S-L PG EAS PR O D - e e

CYMNCL  SERFGEGTL LG PLU T RN P LR YL VE R PR LR LN KL e e ee =

CTFFEY :.:rl:m:-ummeLmvmmmu-wmsmummRm
I_;Tll; 'l. r ll!'! '|' -!' l =+ 1!’ ,,,,,,
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Tk T11%1 RE [ pEEpEE qpREEpE EyE qx FEpEEE B BEE W8

CYRSTAY  TPAVDIFIWKD ISR ROREVATIL FL INDTLE LT ATCREN-VEEE -FLOF HTE YRNE PSS
CTFAICE  LPWEIDALCRIVP POVTAL RV TL I FE R AL LARCKE T - VR R DIDEEVINDASF
CTFITEY n'mmlmu mmm;nmmﬂaﬂmﬂ:mmmnx

' L 1 L i L ™ T,

CTFF7AY  STLEFLLASG-DIVEERILFS0 L NTHL 1AL T AL TWTF UL TTEFIVVARLOE DD
CTRFICE  SILRFLLASR-CEVESNILRIOL LS HLYASEE TTGEVL TVTL YLLERsS ALPRASE D
CTFS7E3  SLLFFLVDERGVD IDSROLFS0L ATAL IRGEETT AL THAVILLSONFE K IRRAJAE IR

LPLALH Siae TEREEE SOT-AWEEE; c@EENZ a@wc o bW oW WpE

CIFrAY S IR PTICMRERL YT IRV ERESLEL P OPFYL IR IR T L-GITF IRR—————
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[Figure 3.2.26] CYP97 family sequence alignment®} CYP97A39¢] CaM-binding £4]
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Ca®'/CaM-CYP97A3 interactions 7743}7] $131Al, in vitro CaM-binding assay7} 2
A= 2tk Figure 32.28B, C, DAl ®iz 313} 2] Ca”/CaM2 CYPY7A3¢] N-terminal region
(amino acid 158-181)3} calcium—dependent 3+ A3 28-S ®ATE A EA oA CYPI7TA3L] A
E5t4 7)5S HUsr]l 9ste] stye] T-DNA knock-out mutant (cyp97a3-1)S S35t &
A3kt (Figure 3.2.27A). Expression test 23} ©] mutant line®] 3F+}2] null mutantZl= A
& AN (Figure 3.2.28B), A1 A5 3 wdo] AsH= A o] #EHAT (Figure
3.2.27C). cyp97a3-1 A=) mutation®] TFE carotenoid &4 FFAFe] W] J3FS 1| X
=AE 2% A3 carotenoid hydroxylase 2 +Z A= mutant lineoll A up-regulation® = A
o] B (Figure 3.2.27D). o] AL CYPI7A3 knock-outr]ol carotenoid hydroxylase 29

overexpressions &3 CYPI7A39] HZFES A= A= AlmHTh

A T-DNA
ATC
B WT  oppfTai-1
—— - CFPO7AS i |
" eyp9ia3-1
S — 40T |
D

WT cppFiad-I1

(WS &S |- 2 ayaroxylase 1 (51)
El"ﬂ-ﬁydmym 2(B2) :
E—kydmyhs'e (LUTD) o
=t e

E WT appi7as-1

—_“_.P.S:}'

— - Pde

==}
==}

[Figure 3.2.27] CYP97A3 knock-out mutant9] £4j
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CYPI7A37} CYPI7C1¢} #o] carotenoid hydroxylase activityS Ho|=AE HAS7]
$3}e], mutant line¥} wild-typeoll A Z+Z} carotenoid’} F&3+9 1 ©|& HPLCS E3te 7}
carotenoid& A &3 th (Table 3.2.3). HPLCZ = CYP97A37} carotenoid hydoxylase activity

2 jn vivoll A 7HAEHE AL A A S

[Table 3.2.3] Carotenoids contents in wild-type and cyp97a3-1

, carotenoids / f-carotene
Line Pecarolene® . . .
lutein fcryplo anth viola 0o fb-xanth
Wild-type L] 18401 0,022 400001 | 0UOGT 40000 | 040 40000 | OS2 & 0004 | 102 & 0UDE
eypdiad-i el |7 e® | 0008 £ 00007 | 00T 40000 | G090 & 002 | G0 e001 | 0070 & b2

‘P-Carctenc is expressed as micrograms per gram fresh weight of leavies. Values are the means +
S0 of at least three 4-week-old plants. f-Xanthophylls (P-xanth) are sum of f-cryptoxanthin (-
crypla), antheraxanthin (anth), viodoonthan (viola), asd neoxantlon (neo),

cyp97a3-1 mutanto] A xanthophyll (ABA A&l ATE4) ko] ZolE917)
o, ABAoIA FAE = o8] 7FA stressol CYPI7A37F #olw| =A% ZAF 3t WA wg
A4S B3 A3 CYPI7A3E salt (NaCl) stressol]l 984 down-regulation ®th= AHo] 2

=
rid

¢

0%
]

olF At (Figure 3.2.28A). cyp97a3-1 mutantZ ©|-&3}0] a3t 7|5 EAoM = nlz7x =2
CYP97A37F  ABAC] ¢8iA FAHE salt stressoll o] Fo] Quls= AS Ho] FAo)
(Figure 32.28B). 12]al 2] 7}A] ABA A & F449F ABA signalingel #HH® #4

9}

Z}o] expression ¥AHEE mutant linedll A ZAFSFS =4l (Figure 3.2.28C), NCED (ABA A gHA4
2 2h)E mutant linel Al up-regulation® = Ao g #AE AT o] A= ojlulx CYPI7TA37}
NCED ##2+¢] expression®l A &11}9] negative regulator24] Z4-&3ttl= AL Bo] Fu)
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[Figure 3.2.28] ABAC] 23 FA ¥+ salt stressoll #o]3dl= CYPI7A3

A=A oZ CYPITA3L carotenoid AE4 B4 T Ca®/CaMe] FAE signaling

Y
Lunkls

olyg} ABAY o84 TAE = FE2EY S signaling AFol2] molecular interactions % A 3}
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Ao 7 ARt} (Figure 3.2.29).



Ca'* signals

_ ¥ 7 Salt stress
p-Carotene o Caf*t/CaM ,

._ + a-"'"-:“ ;
- Cryptux::lihﬂ_, C‘E'PE}TAJ\{ 7
Wy

E.eaxanlhin " ABA
Ve T

Antheraxanthin N;ED

v 4 ¥ ABA-aldehyde-
Violaxanthin Xanthoxin —» yanthoxin
L /'
Neoxanthin

[Figure 3.2.29] CYP97A3¢] o9& A =2d

Ab BAZEYD Wl A

Gateway system= ©]&3F 229 WS AFESt] dXFAES A3 HEQ

pMJ101 (Figure 3.2.30)°l altil, blti3, AtCBG, AtNIG +H A= g sto] o] FAAES
o] T35t AdS 39T dAASE A FTAAA FEH calluset oz

LR calluss ol&she 7 b WHoeR skl O Ay dA altil, bltis,

AINIG F312 = =949 callusE selection 3k #Hg ZFoll iz, AtCBGY 4 -$-o+ Al
st7b ol FolA A, £3tE AA A 2AAA AuiFeltt (Figure 3.2.31). ©] =9 A&
AAA o7 W slE @A A3AS Northen blot ¥ Sourthern blot analysis® £3he] At
g Zojth e lineEo Aol ek RS AvE iy, A2AdY HEL A Zel ol &

& e FTELEoES ol Ut TS AAske] & Aotk
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ER BL

[Figure 3.2.30] ¥} ¥ A %L vector pMJ101

[Figure 3.2.31] AtCBG #th&d v FFATA
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A 34 ¥ OsPKl 5¢] T2& A3 AT FHA o] &

1. o] &4, 494 HIWY

=
ABAE 7HE, 9%, A2 5 U4 dAEdA NEE Y wiste] VA, AE

0 AEEE AL § AT B4HS AYNss FESE sEroRA I PRy
=5
=

Z1#te] & Aol glov, ABA Aadd kel Aistd Solgdely 7 ARFAw
A7)73ke] g8 5 Be A7Eoprt ofd s A @ e ABAYE S AE
de Adedd 7w ofys vE Aes=s, 8, 9 (sugar) AT FE

ZE85k0 = Aol dEAHA, o] AdE oW FEH ANSAYE WA} (cross—talk) 2

L o7 F A dHF ZAEAA T d (CBL)Y Z2%3E protein kinase (CIPK)
Edag wpfshs AsdgRAEAs, 535 ABA Aaidd H

~
ABA H|9EA 37 2EYA AsAG FEHor Fofdttt= HoA CIPKZF Aladd

o A2 2EUE Asdd Aol Zgo] Hojsts Zlo] LA HdRYH deAgke
u, #d 22719 CDPK & =38 4% At Hojgla, 53 A2 ddst ABA7L
o GA FEAEe=AE A9 LA UA Foh B AT FHL wloA AA gl 9
& 7relA wdo] FE%E SnRK3 (SNF1 related protein kinase group III) A¥E Al
AL OsPKIE o]&3te] (1) OsPKlel 2E# 2 s22< ABA Asde7] 79 &9 A
ARIALE A= A9 kinased A S 3t (2) OsPK1Y A3 283t owld Jus
3l Aa7tA] GEAA] B AZ2EY A% ABA A HdE7 1] AeEs g5k
(3) OsPK1 7 &do] dd JFAATANAE oW 2EH2 AT ALY 7 TS

WE=AS A=A, Mo A22Ed st BdE OsPK1 So] AfARE F=6h=d
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related protein kinase group III) AlE <I4Fst &4 FdAQl OsPK1¥ ##A3dte] (1)
OsPKlo] ~Ed 2~ 3 2E2 ABA 4l

Mo
AAE ¥t (2) OsPKI Foagsts dulld JueE T Aa7HA LeAA &2

AZ2Ed 29 ABA Az A7 3o a5 48S &3 (3) OsPKI F3A wde] =
Ay FAATA A oWl 2EHA vA FAA FHo] TS W=AE AN OZ N,

SN =8 &7 7 A=A E Akt 5
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screeningS &3] OsPK19l regulatory domain¥ 43 2F&-3t=
BAstgl o (3) 355-0sPK1 @A ASA (o) 7]14d, v)E Z2zt gYaketdrh.

22dE AFE E35) (1) 35S-0OsPK1 7] homozygous linegd ¥z} A4ukslsd
o OsPKI 4z &g swo] g wokn, 22y A22Ed 2 v {2

o] S7hek Wb, ABA A9 vbA FHARIrd22 2 rd299] Edo] FHAasheE B

)

kol vl (2) OsPK1 Wa4F0] =& heterozygous lineoll 4] ZFz}dtolo] 3k ABA vl
ol Ui Padt= AFAE AJor, (3) 35S-OsPK1 FAHS ¥ {Fxz =4
Az Hagk 75 ALdd Frzddo] OsPK1Y 4

wEo] des EUth oA FEAE ofrIFd e WA FEAor A2 A= OsPKI
o] AAZ M9 positive regulator® & TheA S AlARGTE (4) HEgF 1A E Y2H
Ao A AdkEl 27 OsPK1el %4 @l ARIAE 2AMSH7] 98] dARRIA & A%
£

A5 AL FAA ) 3k GST-fusion recombinant @ A& AAaksld a1 (5) 35S-0sPK1
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OsPK1 4324 FH4AE5L o83t OsPKl9 Aadd UEYAES &5 A5 EX3t=

Tl M2 gE gAASA (h7]Fh R w)E 47 20 As ol At Adwsisith of

714t FAASA e Ayl AAAFRE OsPKlo| vegetative tissued] ZE#H A~ AJAH S =
A7 237 A58 AT 53] dF o7 3d 323 AEY o) 2ol ]
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S AL (15 Ol €8 ARANE FRBAL HAUAs
FEAA Qo AzEd2: AFY FHE FARRL, AL FE
e AL FHRRC=R A2 E OsPKlol v

|

Q= Aoz AZEG. A4 Aeretd 2HADEAA WIS AF ol Jomw 89
Zeol ANE AL 5 AT AoE JUHLh

A2 (6 oC, 24 h)3t ¥ FHZHE cDNA F4x &3S A2l reverse
Northern W el €8 cold A 2lol o]a] W o] A Fs= Fd2Q] OsPK1S A
At 2E#U 2~ A3 ¥ RNAZFEE RT-PCR WWOo® specific primerE ©]-83}o]
(Forward primer, 5'-ggatccatggcatcggagatgagcaagaac—3’, Reverse primer,

5'-ctcgagttagtttcaccacatgcagetgec—3') OsbZIP1 fAAE &2 3} T}
2) Yeast two hybrid library #|3t

Library®] @& xS Hdiststr] 918 thedst ¥ =4 (shoots, roots, callus,
seeds) @ A# T (E2E, ~2E#2)NA ZZ total RNAE 23] RNA super pools
WS o) ZRE] cDNAZ A &3lo] hybrid-ZAP vector (Stratagene)ell cloningd}itl. A 2}
=

=] primary lambda phase library (5 X 106 pfu/ml)E XL1-Blue MRF’ (Stratagene)ol] #
%3} amplified library (1010pfu/mDES YA

3) Bait vector A& 2 yeast two hybrid screening

OsPK1e] C ©er3E 165 amino acids® PCR =%3lo] 92 AES pBDGAL4
vector (Stratagene)®] EcoR I/Sma I site®] subcloning 3t # 7|4 <dS sty
PCRoll A& primer+ oS3 g s sense primer,
5 -ACGGAATTCGACGAGAAATATGAAACTAG-3' antisense  primer,

_82_



5'-ATTCCCGGGTCACGCCGCGGCGCCGTTGC-3¢ Yeast (YRG2, Stratagene %+&
AH109, Clontech)oll bait plasmid®} library plasmidE &7 @ d3s2 SD-LTH uj #] o
A 12k Adird w55 SD-LTH-AT(20 mM)ol A 22 Asigiek. oF 15 X 105 library &
screening3le] 73719 AE g FHIES Aot G A F5 282 filter lift assay
(YRG2) =+ a-gals Xg3st= SD-LTH wi#] vk (AH109)S F3) reporter gene (lac Z)

B3-S sty Y2HO A A yeast T EHE plasmidE & ste] FAx A7]A

4) AF (Ecoli.)olA Az gz A 2 By

PCRZ T%3 OsPK1# OsbZIP1¢] ORF, Hi OsbZIP19] 7} deletion mutant®
pGEX ®E] (Amersham)ol] A3t E. coli BL21(DE3) plysS (Novagen)ell &2 A 3k3l%]
t}. 37 oCollA HlF 5 (A600= 0.5) IPTG (0.1 mM)S ¥l 24759 Axgaids F
Lotk vkl S A EEste] TS 3geta A7k TBS $Edoem AE
freeze-thaw WS ©] 8319 cell lysates A5 o]E 10,000g°1 4] 10E37F A E2] 3¢
Ao A5 NS glutathione-agarose column (Peptron, Korea)oll % 3}AZt}. Columnel| 23

3l GST-fusion @ AS 5 mM glutathione®. & &3} 343 @ dS SDS-PAGEE
[e=]

5) In vitro kinase assay
thdatoll A E83 GST-OsPK1 ¥ GST-OsbhZIP1 A3 wwaS zhzh <l4tks)
SR Abgstalth, @A 2gshe Q14ks wkedl (20 mM Tris-HCI pH 7.5,
10 pCi r-32P-ATP, 10 mM MnCl2)& 30 oCellA 30% w33 SDS-PAGE=Z Wi aS 1
2] 8} 3L phosphoimageE #4139t}

6) 8 F2AE

7h) A& Zd WE A2 OsPK1 full ¢cDNA (1594 bp)E 35S promoteret Nos
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terminator®] Z4-& W pCAMBIA 1300 f2 AE2dd¥WE (pCAMYS01)9] Sma I ¢4

of subcloningdle] AWk 9@ Aoz FAAI AdE FES 747 Asiednh

) of 71 At A ds: OsPK1 #re W 2 d@ddssE Agrobacterium (GV3101)
fokeh e 457F 719 o713 (Colombia)e] 3}olel| vacuum infiltrationdtdth. BAE £}
& hygromycin (20ug/ml)¥} cefatoxin (250pg/ml)S XE3Fsl= MSO v 2| o Al #olAl A A dt

A f482 2d2 7 Aieta

jur)

o) ¥ FAAS: OsPK1l #ed = antisense WE S ¥ 3dlE  Agrobacterium
(LBA4404) %4 scutellum +3d ZAF2E 3937 F81¥ F hygromycin (30 wg/mD ¥}
cefotaxim (250 pg/mb< 2&3t= 2N6 #HiX|ol A A3kt Ade calluss A<

kineting X3l A AR oA shoot®} rootE FE3 T 242 XA Aujsrsdct
7 HAE A L 2EHE AHY

Hygromycin (e} 7173, 15 pg/ml; ¥, 30 pg/m)<= X33t 1/2 MSO agar A ol
Azt FAAEA Y homozygous T1 linesS Awtslgict A2=53F A& A3 o7 Fg =
FE 1/2 MSO agar Wi#A| = ARGl TdopaA 2-453F 71 5 Aol A&ttt
T2 ol Al A9 oF 100719 FAE ABA (0.75 uM) Ei= NaCl (125 mM)S 233}
= 1/2 MSO agar Aol X4 3 23 oC == 15 oColA 10Y A wol&3 357 ) A4 A
T2 ZAEEAT A2 Ag Ao AL 23 oCollA 45F7F 1/2 MSO agar iAo A 7]

H7NFHE 4 oC2 &2 F 24 AER AT A4 F4 =25 H total RNAE Z] 53

N
¢

o} FAA3 B A, homozygous T1 & T2 £AZ 28 oCollA 257+ 1/2 MSO agar
AFskA Ast~EY 2~ A

Aol A 71 5 4 oCE A 2z ArEE dA
T8 AP AF 2HEGNA 453 7l FEAE W o HduS AE5F =39 28

4

il

tlo
N

Q
O
jus)
==
(7
>

|4 6 uM methyl viologen®] X&¥H ¢ZNoJA] 24A7HFoE A2 & JE4

o]
g2 Yol 90 FH E4EE FYFG B FAF I A9
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7}) Northern blot analysis: o7&t = ¥ do=ZHE total RNAE Trizol
(BRL)®g o= ®gsto], YA &9 (Hybond XL, Amersham)ol #o]3F 32P% HFARA H® X

3t probeE o] &3lo] A3} W3S 423 35}lal phosphoimages 43}t

1}) RT-PCR analysis: of7]1&t) == ¥ Qo= 2E plant RNA kit (Quiagen) %
Wo = total RNAS £33 oligo (dT) primer®t reverse transcriptaseS ©]-83}o] first
cDNAE A3ttt 2 FdAke] Eo]& <l primerE AF&3te] 20-25 cycle PCRS 433}

o] AtfA el FAx BEHe =AU Y. RT-PCRY internal control®A4 actin A} 23

tH DNA chip #41: 22 &3t 7] 355-OsPK1 d2d& W T1 A5 o
Z79 TAHY ol dozHE RNA extraction kit (Quagen)& ©]83lo] total RNAZS
#2383l spectrophotometerE ©] 830 RNA +T&EE& <13tk Total RNA 40ug<
F¥A 3 T Rice 5K cDNA

ME

<
w
it
ot
ofd

3DNA Array detection kitS o] &3] Z+z Cy5 C
Chip (xdAE ATl =43t w&S 33}, Axon scanner?t GenePix program
< o] &3te] Chip =7 9 oW A #A4& 33533, microarray datai= TIGR MIDUS 2

2aHo R #4353
9) In gel kinase assay
2573F 1/2 MSO agar vi=AelA 71 FAHE HE 4 oCE &3 F 72} A=
A3 3+ shoot=E total soluble proteing #3233tk Histones 7|12= xg3sl= 10 %
SDS-PAGEZ 9 a8 283 3 4°Col|A 16417 renaturation Al Zth. ¢14ks} wkg-of (20
mM Tris-HCl pH 7.5, 10 uCi r-32P-ATP, 10 mM MnCl2)ol A 1A 7+5<F S AJ At} 5%

TCA ¢ 1% sodium pyrophosphate® WH&-& FTA]7]3, €7 3] washing$ phosphoimage

g B4l

3. a7+23%

7}. OsPK1e] 9% v ABF A€ bZIP AAIA A C 29 H 9o <4ts}
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ABF AY bZIP AAINAE ABA EE AEF A wS3ls= §AATe @i S

o
o

zA3stE F9 @A Aolth In vitro kinase assay W i

o] bZIP #AFIAIQl OsbZIP1 ©r o] OsPK1 AxF wide] o atstdrts AL
Tt (Figure 3.3.1). g3 ABF Algo] old t& F7F< bZIP @8 (lip 199 7
9 OsPK1ol ol&] S1xtsts]#] @kgtomz 7)Ao EolydS gheld 4= i)

1. Hone, 2. GET,
3. EbJRT, 4 Hp 1y

[Figure 3.3.1]1 In vitro phosphorylation of OsbZIPl1 protein by OsPKl1. Purified
recombinant proteins of GST-OsbZIP1 and GST-1ipl9 were used as substrates

for the recombinant GST-OsPK1 kinase. GST protein was used as negative

control.

OsbZIP1 w@de N wai¢jo 3709 conserved domain® C ke bZIP

o

domaine] #1AstaL Qlvh. Z4 Fofol ik Azt i yH2 ARgste] ks SAS
ZAFst A3 BRLZ (basic region leucine zipper)S ¥3%3st= C 2o H97F 53] OsPKl1el
ofa] AstA QlitstE = Feldte AMES et (Figure 3.32). ol A3+ OsPKIo]
2E# A 2890 ABA Qa9 a9l AARIAE £4dsk= A9 kinased 7Hs 3

A ALEREE OsPK1el 938k C whek §-9]9] 214ksl7F OsbhZIP19] 715l oWl J8s F+=

¢

Ax g5 FHHAord AAY Aoz YA
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[Figure 3.3.2] OsPK1 strongly phosphorylates the BRLZ domain of OsbZIP1
protein. GST-fused recombinant proteins for each subdomain of OsbZIP1 as

shown in the schematic diagram were used as substrates for the kinase assay.

. Yeast two hybrid 84 o] &3 OsPK1 H5z& FAA £

OsPK1 @& N oo kinase catalytic domain® C 2ol regulatory
domain®] ATk, OsPK19 C 2ok ZAFQ 216 amino acidsE yeast GAL4 binding
domain (pBDGAL4)ell €143+ bait vector, pPBDOsPKICZ A|2+8ltt (Figure 3.3.3).

Spel 988
Mimgtll Al ll: Pl Hadll  Vhal
pBDOSPKIC - Eﬂﬁh

|
I I'u

Lol ' ' L
Eeaf] Swaal, Sal, Xl

[Figure 3.3.3] Schematic diagram of pBDOsPK1C

OsPKICE bait® LTH-AT(15 mM) ®ix]e A dE OsPK1-4% 4§ yeast 73
SEAA FHAE Fedte] 9714 9s AAska, NCBI blast X 84S &3 44 &
23Fth (Table 3.3.1). AwsEl AdX ZF2 (yeast strain AH109)ES X-alpha-gals ¥ §3}
= SD-LTH agar ®ix]o| A ®l%3te] alpha-galactosidase A o] AL 3o rnzw
(Figure 3.34), e FAA7F AEZWol A OsPK1# F52-83 7FeAde] Eoha did

o,
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i

Figure 4. Alpha-galactosidase assay. Yeast

Lt

\ No Clone ID

Homology Search Results

A1-3
A1-=7
A2-2
A2-3
A2-6
A2-20
A2-37
A2-58
A2-87
0 A2-91

= O 000N O h~wWwnN —

HD-ZIP
drought=induced protein
B-1,4-glucanase

AP2 domain protein
LEA5

hypothetical protein
unknown

PR 4b

MADS

SnRNP splicing factor

(AH109) clones were streaked on

SD-LT agar plates containing X-alpha-Gal and incubates at 30 oC for 2 days.

[Table 3.3.1] Y2HO| A A¢® OsPKl A43& 4 FE9 FAA A 24

Clone ID Homology search results
1 PKI1C-Y1-1 maize 60S ribosomal protein
2 PKI1C-Y1-4 putative ADP-ribosylation factor
3 PK1C-Y1-12 reversely glycosylated polypeptide
4 PKI1C-Y1-18 putative lipid transfer protein
5 PK1C-Y1-20 putative 50S ribosomal protein
6 PK1C-Y1-21 putative photosystem II 10K protein
7 PK1C-Y1-25 anerobically inducible protein
8 PK1C-Y1-26 cadmium-induced metallothionein
9 PK1C-Y1-28 unknown protein
10 PK1C-Y1-37 ubiquitin/ribosomal protein S27a
11 PK1C-Y1-40 putative polygalacturonase
12 PK1C-Y1-46 putative RNA helicase
13 PKI1C-Y2-1 RUBP carboxylase
14 PKI1C-Y2-8A hypothetical protein
15 PK1C-Y2-8B PR protein la
16 PK1C-Y2-12 hypothetical protein wali 7
17 PK1C-Y2-20 putative RNA binding protein
18 PK1C-Y2-22 silencing group B protein
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19 PK1C-Y2-41 N-acetyltransferase 5 isoform

20 PK1C-Y2-63 S-adenosylmethione decarboxylase
21 PK1C-Y2-66 MDR-like ABC transporter

22 PK1C-Y2-83 putative TAA amidohydrolase

23 PK1C-Y2-92 starch branching enzyme rbe4

24 PK1C-Y2-124 60S ribosonal protein L7A

25 PK1C-Y2-128 superoxide dismutase

26 PK1C-A1-3 homeodomain leucine zipper protein
27 PK1C-Al-6 oleosin 16 kD

28 PK1C-A1-7 early drought induced protein

29 PK1C-A1-9 ferredoxin

30 PK1C-A1-10 NADPH HC toxin reductase

31 PK1C-A2-2 putative endo-1,4-beta-glucanase
32 PK1C-A2-3 AP2 domain-containing protein

33 PK1C-A2-5 PSII oxygen—evolving complex protein
34 PK1C-A2-6 late-embryogenesis protein LEAS
35 PK1C-A2-8 ascorbate peroxidase

36 PK1C-A2-20 hypothetical protein

37 PK1C-A2-37 unkown protein

38 PK1C-A2-56 chlorophyll a/b binding protein

39 PK1C-A2-58 pathogenesis-related protein 4b

40 PK1C-A2-60 glycine-rich protein

41 PK1C-A2-62 alpha—-tubulin

42 PK1C-A2-70 putative serine carboxypeptidase
43 PK1C-A2-79 unknown protein

44 PK1C-A2-87 MADS-box protein

45 PK1C-A2-91 SnRNP splicing factor-related protein
46 PK1C-A2-100 hypothetical protein

47 PK1C-A2-108 fructose-bisphosphate aldolase

48 PK1C-A3-1 translation initiation factor SA

49 PK1C-A3-2 putative late-embryogenesis abundant protein
50 PK1C-A3-5 putative aminotransferase

51 PK1C-A3-6 Ramyl

52 PK1C-A3-8 heatshock protein 70

53 PK1C-A3-10 pyruvate kinase
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t}. OsPK1 #3524 @A in vitro kinase 7| & o8 g4

Yeast two hybrid 844 %3] OsPK1¢l C-terminal regulatory domain¥} A3 %=
&3t glom Mdutd fFHxte] A7IAE 24 ZAAE VIvrew AdAb QA 2EY A AS
AG #E gz = OsPK19 down stream target 7FsA o] 9= FH FAA 102S A
eale] GST-fusion @M AL AT in vitro kinase assayE F33to] o]E wado]
OsPKl1el 9l&] A1tsls=x& dxAo g AT AdE g F250] ddo)
C ¥d Fours xddsx glor}t (Figure 3.35), CKIIY} PKCol w3 putative
phosphorylation sites povz (A vAA), det Add ZF2S EcoRl/Xhol

og Adsle] 9& FHx HHS GST-fusion vector (pGEX 4T-1, Amersham)el in

tlo
Hel
b
ob
=

frame 2 % cloningdtil E.coli (DHSomel #FAH3kste] PTGl ok @ild A F=&
ZALeFA T (Figure 3.36). 1 23 4 (B,CEF) o @z o] &

T (A, D)ol tigh g de g 2alEo] GST A7|9 dydnt fEEdon vuz] 2
T (G, e el A9 wdge] vol SDS-PAGE dellA ##= A ¢kt (Figure
3.36). @¥dE 2ol stely FE 2% (E, F)I Ecoli (BL21plysS)olA A 35}o
GST-agarose columng ©|&3to] #E|3td oy, F

&4 3o gojA wuldol RYEA &g E F2d I Az dudnt LRy
& 4 AT (Figure 3.3.7). B84 3o 34 =

Z3F @ dS 714 in vitro kinase assayE T H 3t ouF OsPK1ol|l o &) Q14ksts] A ¢F
(A3 mAAD. o5 duide] v Fo7F dAstE =4 52 OsPK1¢9 243 o

o}
H TE JlFe] YA, AL AEdA A5A9E ojd dwAel JEAE FF o AT

Sge 4% A4E wudo] gy B

o

A HE-LL (C-termmnus §

B, Chillking and water stress induced protein (full length) RAD-C EeoRl Xhal

C; B=1 4 glucanase {Cslemmames) A B (. DE E G H
[k AP (full benzih)

F: Zn-inducible protein
F. Unknosn prolein (C-femnnus|
05, DEATD-box BNA heliease (C-ierminus)

H; BNA binding protein {C-Srminus)
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[Figure 3.3.5] Identification of OsPKl-interacting clones isolated by yeast two
hybrid screening Plasmids were isolated from yeast, transformed and cured in

E.coli in the presence of carbenicilin (50pg/ml) and digested with EcoRI and

Xhol.

- 1

[Figure 3.3.6] Expression of GST-fused proteins of OsPKl-interacting clones in
E.coli (DH5a) The EcoRI/Xhol fragment of pAD clones were cloned in frame
into the corresponding sites of pGEX 4T-1, respectively. Expression of the

GST recombinant proteins were induced by 100 pM IPTG for 2 hr at 37 C.

FS8WE PSS WE

[Figure 3.3.7] Purification of GST-fused recombinant proteins expressed in E.coli
(BL21plysS) Bacterial lysates were prepared by freeze-thaw method,
centrifuged at 20,000g for 30 min at 4 oC and the supernatant was applied to
glutathione-Agarose column. After washing the column with TBS buffer,
GST-fusion proteins were eluted with 5 mM glutathione in TBS buffer. P,

pellet; S, supernatant; W, washing fraction; E, eluent
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2}, 35S-0OsPK1 FAASA (of71Fd, ) A
1) AEEAA3 Ay AF

pCAMBIA1300 vectorE 7]¥© & 35S promoterdl] 28] OsPK1 F+d 7} dA] 3}
UdE £ e AEFAAds WE pCAMOsPKL (sense)d OsPKl #3422 owrgko =z
Arlete] A HESEES WS 4 9lE antisense vector, pPCAMOsPK1 (antisense)< A

28kt (Figure 3.3.8).

pCAMOSEPE | (senseal .'.Erllﬁpnlme.!;'p-ﬁ.wirTPﬂ'LhI Bamti1, Xbal
L ]
G AR 300
I 1 |
L I Ml B3 BBl Sl { | Spal
&l.nlg:aﬂl ]
Fial 2phT, HuaaT

PCAMGSPK 1 [antisense) Sl Kol Dwel. Pl dpal. Kpni, Tmal, Sawi], Thsl

prC AR T 300
STl 2l Al B NI E:}H':H' Zal Jeal
w1l IR
Eeofl | !
Fird Sk, HisaTl

nCAMOsPKI(sense) pCAMOSPKI(antisense)
2 3456 123456

— — i — e e

[Figure 3.3.8] Schematic diagram of plant expression vectors for OsPK1 and
restriction enzyme-digestion patterns for the vector plasmids. 1, Sma I, 2,

EcoR I, 3, Sal I/EcoR I, 4, Sal I/Hind III; 5, Kpn I; 6, BamH I; 7, Pst I
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2) N71Zd FAAZA At

pCAMOSPK1 (sense) vectorE ¥33}i= Agrobacterium (GV310D)ZE 7| 4=
HAA33FaL, hygromycin B A4 T1 A 30 AL AL T2 Ad9
hygromycin A& H] & A3 AE3E homozygous Al (Figure 3.3.9A)¢l A

genomic DNAE #3838t PCR 418 F83 A3} OsPKl fxzket AdntA {FHdxt

oBL

(hpt, hygromycin phosphotransferase)”} g2 o= Z=QHAS5S Fstdtt (Figure
3.39B). Hgt Northern 415 &3] FAH3 of7] ool Al B OsPK1 FHdA7F S ¥
Qi AJA S BHolEtgl o) ® o] el’drrh vkttt (Figure 3.3.9C).

F-lN

)

e porSRA Y30 YE11A

(A)

Line No Hygromycin R: S ()
YS3A 125:0 RT D
YS3C  149:3
YS3D 139 : 46
YS3E 89:37
YST1A 89:2 ]l"’?
YS11B  98:35 ; .

PCH

[Figure 3.3.91 Transgene analysis of homozygous OsPKl-transformed
Arabidopsis. (A) T1 seeds were germinated on a MSO agar media containing
hygromycin (20 pg/ml). (B) Genomic DNA was isolated from the transgenic
Arabidopsis and PCR analysis was performed with primers specific to
hygromycin phosphotransferase (hpt) or OsPK1. NC, nontransgenic control; PC,
positive control (pCAMOsPK1 vector). (C) Total RNAs were isolated and
Northern blot analysis was performed with 32P-labelled OsPK1l as a

hybridization probe.

kA 1z d o] st of 7o) FAMEA T1 Mo 30 ASS oz oA
Northern #2418 $83o] =943 OsPKl 32 H3d+ES FAA T (Figure 3.3.10).
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2 A3 OsPK1 g JAdskA] 5718 (2D, 2C, 7B, 13E, 14E)3% S =24 3718 (124,

15D, 16A) ©]9lel&= OsPK1 47 @do] RFE o Fzoz fAxHE AL sy

ole} &l AwwlA {FHA (hpt)e A BE FAABATAAN ddFFo] =t (B
A AT).

Y520 ¥YSTB  YSIBA  YS2C YS12A YS13E YSI14E ¥YSI5D

| i | 1 1 ! | 1 |

] 2 34 5 6 7TA 9 I0011213 14150617 181930 212233 24 3526 ZT2R T

L4 yr ® LAl Aala o gy BiTNY

lm“-—ﬁ ﬂHﬁH:" it e et

‘H“" W e

[Figure 3.3.10] Transgene analysis of 35S-OsPK1 Arabidopsis. Total RNAs were
isolated from whole T1 seedlings selected in the presence of hygromycin (15 p
g/ml) and Northern blot analysis was performed with 32P-labelled OsPK1 as a
hybridization probe

3) FEAE W AN

pCAMOsPK1 (sense) vectorE ¥ 33+ Agrobacterium (LBA4404)% Y%+ AF
25 YA HF38a, hygromycin Bl A4 TO At 19 AleS A0 A4 AAsHA L 2
Jd o] FxE5 AR 5590 TO AlS e Yo genomic DNAE #4383l intron

2 I PCR primers ©]§38te] Aol AREE OsPK1 cDNA7F =4 9e& &

e18tR 3 (Figure 3.3.11A, B), Northern ¥4 A¥}E T3] OsPK1 FAA7F dd s gl
S5 gasdtt (Figure 3.3.11C). 2L % OsPK1 3%} wa =5Fo] 1 vz J5 F

27 B2 4A41%F (line 4, 8, 19, 23)= A ¥l38te], hygromycin (30 pg/ml)-& 23st= 1/
MSO agar Wi Aol A Ads T1 MAAZFY FAE v S

)
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[A&)

j 234 567

Aernomic DA

[Figure 3.3.10] Transgene analysis of OsPKl-transformed rice. (A, B) Genomic
DNA was isolated from leaves of TO rice and PCR was performed with OsPKl1
specific primer. (C) Total RNAs were isolated and Northern blot analysis was

performed with 32P-labelled OsPK1 as a hybridization probe.

2

O

w3k 2xpdEe] pCAMOsPK1 (antisense) ®WEHZE v AFAZ &z 3ls}
<

hygromycin (30 pg/mDolA Add QA ¥ 17 ATS A 2404 ASsAY. A4

Holl Al =9 Fxx dS &R1s8t7] 9ol o HHES 4 oCek 28 oColl A 24A17F A8 §
RNAZ E#3e] Northern 45 33t} Figure 3.3.12004 HE A" OsPK1 3
e PAdgA s g (Fig.10), OsPK1 50181 2 =7]9] RNAZF B4 =+ line (2,
5,13, 16, 17)e] #& = A ow (Fig. 11), oI5 AEel tigt STA7F S4 @Al St

[Figure 3.3.12] Transgene expression in rice transformed with antisense vector
for OsPK1 under the contorl of 35S promoter. Transformants were selected in
the presence of hygromycin. Leaf segments from TOQ transgenic plants were
incubated at 4 oC (L) or 28 oC (H) for 24 h and total RNAs were isolated.
RNA blots were hybridized with 32P-labelled double stranded OsPK1 or hpt

gene probes, respectively.
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OsPK1 Fd27F #Ed =S W A2 EE ABA A3dE 7|97 ofd %S
=27} o] AF A F4 AR go|t) [xpd T Auret OsPK1 of 714 32 3|
homozygous line 24|55 AE3te], A2 (4 C) Ag ZF Azt W 2Ed 2 A #
W S wild typedt Bl A8 ATt (Figure 3.3.13). 2 23 O A2 A=E FX
< AEfell A WA FAA FEFEs #EEHA gokow, @ ABA AIZHE el U=
= 4l rd29A S rd29B Fd AR @ o] tixgtol Bl of3F zHAEE Wb A4S
b9l FAA mbAQ kin29] A xRl vlE) ot Srbe AEs Btk webA
OsPK1 #3827} A&A s dd3 ABA Aaddo)s Autss g39ads d 7ol
%™, & SNFI kinaseol A &elzl AAH A=o] FoA# &2 e = Q1itst 7]
ol AAH Avtrt, ALASe e &AdstHel AES YElE Zle] ohdrt FFHH
a2 35S promoters AME IS E Eetal 2 Ao AREgE 3A9F 3C AlEelA
OsPK1 fF3#F @& o] v 9= vighy] wjZoll, 2 A Ao F3l3 npA A 239

Aolg B RS AL AT F gk

)
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[Figure 3.3.13] Expression of stress marker genes in wild type and transgenic
Arabidopsis in response to cold treatment. Three-week old whole plants were
transferred to a cold room (4 oC) for the indicated time periods and total RNAs

were isolated for Northern blot analysis
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webal 22hd=e]l OsPK1 2@ of7)dd F2dd A (3E 209 W
homozygous lineg AAdele] TA3t AdAS =38t RT-PCR HHS o] &3 Fd2
18 =4 A3 Fig 129 nlx7A 2 2 A8dAN A Aexelo] <3 kin2 §dx 2o
T Z713t9 S-S 8ttt (Figure 3.3.14). 38 #2378k 355-0OsPK1 o} 71 &) &

7oA  ABA-inducible HFAAE9] urdlo] ojwWA  GElx =2 FAEY
RT-PCR A#, dxToA= ol FHAEe Tde] A2A g osix ziskArt
HolFEt, ofl A= OsPKI

mU‘.

o

%2,
dlo
ftlo

35S-0sPK1 FA A A= A HAH o2 FA 5L

o] ABA A5 JFe T AL AR,

WT 2C-27 13E-1
0 26240 26240 26 24h

OsPKT
kinZ2
ra22
rabl8
ABF3

ABI2
Actin

[Figure 3.3.14] RT-PCR analysis of expression pattern of stress and ABA
responsive marker genes in wild type and transgenic Arabidopsis in response
to cold treatment. Three-week old whole plants were transferred to a cold
room (4 T) for the indicated time periods and total RNAs were isolated for

RT-PCR analysis

2) H71FH FAAGAY 2EHE AFJAH A}
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& AolE ##ET = v (Figure 3.3.15).

Germination rate (%)

120
0o _‘ _| —
G In'mln ] ] Il |2 None
W A A
i ] B ] ] ] IR=IEs
a0 — ] - - - L (B Cald
20 f - M - M - n
I:I L L1
WT 25 26 27 1 3 6
—_ —_

2C 13E

[Figure 3.3.15] Effect of salt, cold stress and ABA on seed germination of
355-0OsPK1 transgenic Arabidopsis. Seeds of wild type and transgenic
Arabidopsis T2 plants were cold-treated for 3 days after imbibition and
germinated on the 1/2 MSO agar media with 0. 75 pM ABA or 125 mM NaCl at
22 C or 4 T (cold treatment) under the constant light. Germination rate was

assayed by the number of seedlings with radicles after ten days.

gy ol § Fd A cHVIFHE AR TS W ol vl 9
dHgAe] AAAN Aert dudoer 92 AS #FS 5 AT 13E AEe 45 125
mM NaCl 7oA dizx=7o vl do] 954 2l 32 gAY Ae) & d=Ed= 9

a7F ARem, 15 TollA AFE=rE we As #lsklvt (Figure 3.3.16).

WI 13E-1

125mM NaCl 1 15C

[Figure 3.3.16] Stress tolerance of 35S-OsPK1 transgenic Arabidopsis. Seeds of
wild type and transgenic Arabidopsis T2 plants were cold-treated for 3 days

after imbibition, germinated and grown on the 1/2 MSO agar media in the
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presence of 125 mM NaCl (A) at 22 oC or 4 oC (cold treatment; B) under the
constant light. The photographs were taken on the 24th day.

u}. 355-OsPK1 @A A% 1 24
1) RT-PCRdl 9% cold-responsive fAALe] &@ Wo] A}

OsPKle] ¢t x o7 #}aew 9= F2aA-d3 #He Tl homozygous lineg At
sttt (Figure 3.3.17A). OsPK1e] & o] A2AE# 2~ Aoddd ofd &S F=4
E st ekl SAelA 473 7l FEAS e o AHES A=A 4 C) IF F
RNAE &g ste] RT-PCRZ F32 HdAFTS AT L A3 AA g os &

o] e F 279 m7A F4A (invertase and ABA/stress related protein) %d <=

-

o] gz vF FAASFANA o =2 AL AL § dATt (Figure 3.3.17B). Eh
DNA chip #A1ollA A2d 5 F/F9 F42 (F box protein, protein kinase)®| 74-¢ <A
FAAE oA FHx B FFEo] w2 AL AAT 5 AT (Figure 3.3.17B).  ©] ]

g 3= OsPK1e] A2f= Fdxke] B g3&Fs v s AAE L

(A) (B)

35S-OsPK1

WI # #19 #23
LHLHLHLH

OsPK1
Invertase
ABA & stress inducible gene

355-0sFK1

W#-’-l#ﬁ#S#IQ#EE

F box protein
Protein kinase

[Figure 3.3.17] Analysis of 355S-OsPK1 transgenic rice. (A) Northern blot
analysis of OsPK1 transcript level in transgenic lines of T1 generation. (B)

RT-PCR analysis of expression of specific stress marker genes. Leaf



segments from 4-week old transgenic and nontransgenic rice were incubated at
4 C (L) or 28 C (H) for 24 h. RNA level was determined by RT-PCR with
primer pairs specific to each gene. Rice actin gene was used as a negative

control.

2) DNA chip 48& 5% OsPKl JtZd B9 FAA @43 =299 £4
HAAZ o] FHx Fd T2ads BAE7] 9ste] 2AoM 457 71 4
2
AA7F 450 9= ¥ 5K cDNA chip (@AM FTsAFY)o 23] k& hybridization

o7k e A4 32 FES
2 gz v a4 2do) Frlsglen, 9 S8

N 2 fAx 2Eo] A E At (Table 3.3.2). Y3 5K cDNA chipS o] &3fo] A2
Agle ols] e FAA ddF g g S u, 32 F29 22 %A TFE FHA @
Hwo] Aol AdXTL & 4 YU}t (Table 3.3.2). o]x ¥ DNA chip @ RT-PCRel ¢

sk fA #d FA2 OsPKlol dddd FAAS oA A vbg Fdx dd 53
=rle= AAS B9E] BoFEw, wala OsPKle]l HoA A& AZAEY positive

regulatord 7FsAd S AshAl AlAF

[Table 3.3.2] List of genes that were regulated in 35S-OsPK1 rice and
classification of up- and down-regulated genes.. Rice 5K c¢DNA chip were
hybridized with cy3- and cy5- labeled probe pairs of wild type and 35S-OsPKl1
plants. The microarrray data were compared with those for cold or

salt-regulated genes in wild type plants.
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Gene name Fold change | Cold-induced
Exp.1 Exp.2 changes
-OsPK1
S0 Putative transcription factor +2.2 +2.2 up
Hypothetical protein +2.3 +2.5 up
Unknown protein +2.2 +2.3
ACC synthase +2.8 +2.7
Universal stress protein +2.0 +2.0 up
Ring finger protein +2.3 +2.1
Copper binding protein +2.0 +1.9
Up—regulated genes Zinc finger faml‘ly protein +2.2 +2.0
75 PSIl 10kD protein +4.3 +5.3 up
( ) NKP20G04 +2.1 +2.1
K23P23G08 +3.4 +3.6
Chloroplast 16S +2.2 +2.2
Putative CEO protein +2.8 +3.1
35S-0OsPK1 Mitochondrial dicarboxylate carrier +2.6 +2.8
Hypothetical protein +2.0 +2.0 up
Phospholipase +2.3 +2.3
Phynylalanine ammonia-lyase (PAL) -3.0 -2.9
N\ Xyloglucan endotransglycosylase (XEA) -2.1 -2.0 down
CDPK -2.0 -2.0 down
Hypothetical protein -3.0 -2.6
Proline=rich protein 2.4 -2.4
Hypothetical protein -2.0 -2.0
Down-regulated genes (34) Proline—rich protein -3.1 =-3.0
Kinase -2.0 -2.1
3) 35S-0OsPK1 A A& w9 A Assd 4
FAAZ W FHoNA A2l o3 <litst A WstE in gel kinase assay
He w3 SFASAT AL @4 CT) A" F APERE shoot2HFH @uWlAS st
histones 71d & <Aikst S48 A A3 dizFto] vs] FAAS voA A=A+
(2471%F) oF 50kD el ol liksl Ao of Ad A& AT = AU (Figure 3.3.18).

o] whudoe] OsPKISIA, Wi

std 7bed e AARR T
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o -e WT
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[Figure 3.3.18] The effect of cold treatment on the kinase activity in 35S-OsPK1

transgenic rice. Fifteen pg soluble protein extracted from whole rice seedlings
of transgenic rice (23-10) were analyzed by in gel kinase assay of histone

phosphorylation.

Tk iz HlE] dAAS Hel o AHANA methyl viologen A&l 2olgk &
Figure 3.3.19). A% w9 Aslr~Ed s~ Ay FH

(
ol B7} v AP iEHU Xz HaE A} S vebd ZhedS A EETH

rlo

Chlorophyll content (%)
o

o M
=u) o
@ Oy
60 H |k G
O LY Ben +Llannitol 0 4.0
40 -
o0 o
[n] L

WT 23-7 23-10

[Figure 3.3.19] Methyl viologen-induced photo oxidative stress tolerance of
355-0sPK1 transgenic rice. Leaf segments from 4-week-old rice were
incubated with 6 uM MV under the continuous light for 24 hr. Chlorophyll

content was used as a indicator of photo oxidative damage of the leaf tissues.

of o]&3tH 69 23¢el = 17%=dA WIAd FAES AFSFI =2 (Figure 3.3.20A)
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AollA Fadg vle] 24 B Aes dxzol vel 2 Aolrk gllexnz (Figure

3.3.20B) OsPK1e] #tdo] &S AashA %= Aoz AlgdE),

(A) (B)
L B30 AIRE (ZHSENR2006. 7)

m

WT #4 #gS
35S-0sPK1 Lines

[Figure 3.3.20] (A) 35S-OsPK1 W74 EZAIE AR (B) A2A o]de] BFARE
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M4z SEYNE U Bkl JoE
1A= A7 533 2 g
TE AT/ i AL e 2 He
A 1A -2 A -ofj 71t &) CIPK3¥} +AFg B §-d 259 cloning
Genome databaseZ |-H genome°] £A3l= OCK FAF F42 2A
o] &3} cold signaling —NorthernJJr Promoter #4& §3% OCK FAAE<9 &
add W FEAt 29} cold stressol 93 & EA FA}
(OCKs)9] #3g ¥ *’d%% OCK #FAAE Egtsle &4 J2dskg 9
urE Gy Bt B 7§ (overexpression ¥ RNAI)
=7 3
Qﬂg‘;ﬁg@’rﬂ AE R S04 220, biidel 9719 an
o . ‘o) o e 9 T E2F Ao [q’t‘ A2 Hd Wsl B4
TAABIL DIHD S |6 9% s mzy 22 24
Efl E%;];q ;};gfﬂg -bltil 7} blti3e] o 2-g vl g

L SR - AL I %”“é‘:«] in vitro pull-down assay

J Q=L N =] o 170 T h

(2003)] &= = b= wed -bltil ¥} blti3e] bacterial system= ©|-&3F ¢ 2y
-bltil®#} blti3 A A2] homologueE ©l| 7| XPEHETH =10k

-OsPK1 ¥
A 23 5 2 A —op7| Ay g4 3
OsPK1 X‘X A8A | -9 callus 7%, 07—2 A3 9 A A
A AT, Yeast two hybrid| -Yeast library #| 2}
Ae A< 2 ABA | -Library 248 bait plasmid A%
AoAEd AR | -DB ®4 9 specific primer | &
-RNA £ % RT-PCR, 97144 gal

002 i,
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>
oy
N
o
2
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e

A 1A -2 )] -Y2H O]S-ﬁP OCK$¢} AtCBLY| 43548 7Hsd &7
OCK frz=te] -OCK @ d-S Ecolidl A A 5 A
A - Astets 54 | -OCK @i e] gagdy zAb
vpol 5l A& ~OCKE 1} %'«ﬂ EE 5ol AAE W EE of7)%
FAAA R el FAASA A
93} Xﬂlsﬂ =314 - E A9 in vivo R in vitro 84 AT

L -bltil¥} blti3 fFAdAbe] Fepdd Bd A =9k bltil
J al
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A 2A = 3} =
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RS0 Rl ,z‘s—];ﬂ;@]ﬁ_ﬁ:}&x}‘ = A]
Yeast two hybrid B4 |~ =2E 1 S S L o
AAFIAF A= e ghul A | Yeast A S JoAE=E A
AN 7)Ao 8 “AARRIA @A el W Kinase assay
. = 1

PIEEEE -OCK ©@d 3} 5 ahgals M2 dide] wha
OCK Thl = 3 ~FAAA 9 AL Ao AAe] WMEE A
A5G T A *??_é‘xd_]x‘_ﬂ?% G R = Sl 1;“457— colds X
=1 R A= ARy = 5 _ e~ -
=) 8] A A sk A BA :cij_lm_ 7t FA2EU 2 g AFES wildtypedt
s | ALFE A ~FAAE HEAEY BEI TS 24 )
gw |BAAE AuA A -FAARAE) 4 8 sz o el s W
A AP =2 HF | HaL - 24
(2005) w4 oA BN E Y AR A
& = = — L=
OB 0 |- 2AaEes EA94 2el RD2, RDY, KIN 5)
THE W 33}‘;3 S | ~HAASA RNA #8 9 34542 dd 24
HAE LU SR g o
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S Y dn AL BE 9§ 2Ed2 2004 B2 wohge Aolst Yoy $Y Ak
g2 zAA mel F 4 A Amsk dxTel ws pasHAee st
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Hge] PrEAE ATADNA BHE Fo AEAT BARA 2B 20 WA
AEN FE b o] AL AR 2EAZ FE G4 B BEHolY G4

s0

t} (Knight et al, 1996; Sheen 1996). 12|31 ZH2 tst ZHAA g Ay g5 =&
5

3 2Edx A3E et AYwreS fdsts Aer 4 dn A=A A

tlo

al

A & de A e ZEAAE calmoduling CDPK o2 Zrgd AFste] thgsh
target protein® A4S ZA3It} (Zelinski 1998). Calcineurin B like protein (CBL)S &
of 71 ol A Holw ZHFAdEHAe] Ud£o 2 small gene familyE TS don
(Kudla et al, 1999), knock out mutanttt Z}ohdd JHHA AFE S AES & =
Eds A (ACBL4A) 2 AL 2EH 2 9hS (ACBLDS "ilsts o3 Adede
zpelo] ¥ra FH o} (Liu and Zhu, 1998; Albrecht et al., 2003). CBL AA|&= &8 4o glo
L} yeast two hybrid ©24& &3 CIPK (CBL-interacting protein kinase)/SIP (SOS3

interacting protein kinase)&ti= SNF1 A€ 2 E=A protein kinase®} ZAgstH, dFo 49

A

Sh

kinase A& E33th= Abdo]l wra Mk (Shi et al, 1999; Halfer et al., 2000). &3
CBLY} mz7iA 2 A4 CIPK 94 9 2 A22Es AsdEe T3 7]

o
4>
o
e

o= AbdE dE A Liu et al, 2000; Gong et al., 2002; Kim et al, 2003). wa}x 7]

AFHIE AT o, of7|FodA ¥z CBL/CIPK ZsE AMzdAE 7|49 F8 7%
o] g 2Ed~ WEI BANe] glov], oF o|&d 2Edx APY AT A #
§ A7 2 Aow wudth AR BAAGH ABARE T2 SASwAe 2w

g f24x e o]& A= HAFCIA (CBF, ABF, EREBP)E F42

!
>
!
)
32
o
oz L

(Kang et al.,, 2002; Haake et al., 2002; Park et al., 2001) # <o+ CaMeoly CDPK &
9 BHMAGAA 228 B3 FHYS A ~EY A 2H-o] JMEsittE Aol wha Atk

(Saijo et al,, 2000; Cheng et al., 2002). wetA 2t ZgAA AsdDd74+E F435= T3

i

AR Ze H AEAE A9 AdFelH, of AAtEe] Awe AEHS ARY =

ul

Aol F87H217F =A AT = FAlold
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