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SUMMARY

This project was planned to develop a technology for the improvement of
abiotic stress tolerance in crops. The technology should be applicable to various
crops and should provide to the crop broad spectrum of tolerance against
various abiotic stresses. The basic approach was differed from commonly
employed, ie. wusing transcription factor, and based on an inhibitor of
programmed cell death, namely BAX inhibitor-1. Since programmed cell death is
one fundamental aspect of organisms for the developmental processes and
response to abiotic stresses, we thought that an inhibitor of programmed cell
death can be a reasonable material to endow broad range of tolerance against
various abiotic stresses to crops.

The inhibitor used was an BAX inhibitor-1 from hot pepper that was
isolated from a high temperature-stressed hot pepper, and named CaBI-1.
CaBI-1 transcript was induced upon various abiotic stresses in hot pepper, and
the open reading frame of CaBI-1 was constitutively expressed in tobacco for a
gain—-of-function type analysis. Transgenic tobacco plants confirmed by RNA
blot hybridization for the ectopically expressed CaBI-1 gene were self-pollinated
to get Ty generation seeds.

Using these T generation seeds, bicassay was performed for the analysis of
tolerance in tobacco plants against various abiotic stresses. The transgenic
tobacco plants showed a broad spectrum of tolerance against abiotic stresses
including cold, heat, flooding and drought.

When the same processes were applied to lettuce plants, expression of
CaBI-1 did not result in meaningful tolerances against abiotic stresses in lettuce
plants.

To have an understanding for the positive effect of CaBI-1 expression in
tobacco plants in abiotic stress tolerance at the molecular level, transcriptome
analysis was performed for the transgenic plants. Using an empty vector
transformant as a negative control, transcript profile different from the control in
the transgenic plant was analyzed by microarrays.

Among the significantly upregulated genes in the transgenic plants, small
heat shock protein (small molecular chaperone) was chosen to identify its
possible function in improving abiotic stress tolerances in tobacco and lettuce.

Two small heat shock protein genes were separated over expressed in tobacco



and lettuce plants basically following the protocols used for CaBI-1.

The transgenic tobacco plants overexpressing the small heat shock protein
genes showed much strenghtened tolerance against various abiotic stresses, even
higher than the case of CaBI-1. Especially its effect was promising in lettuce
plants. When one of the tobacco small heat shock protein gene was
overexpressed in lettuce, its tolerance to the abiotic stresses was significantly
improved.

These results support a possibility of using CaBIl-1 and small heat shock
protein genes in this study for the development of wvarious crops having

improved tolerance against various abiotic stresses.
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AEAE AT AHAY HEES sty AT A AEAV AET 5+ U=
BFAE AFse EAZIE stk HY AUAE HFES st $HF808 AE
A7 A = e FEHY AFER WA E FHLS ZEFoRE AEA Y ¢
3 o]FojAH, o}y AEAE FTFT A4 FAH2EH o dAHoR =EFFHE
AEAIZIE strh. olgfd AMEL2 F8 ZEY MY E49 tiFERo] HAES
BHEY 2of oFo] FRlste] =1 9tk (Boyer, 1982)

o A 52
JAHFig. 1). 0|5 FAZAL FA =2
s

A Aol A WAE Avs &4

- "‘:f Environmental stresses

AR B :
-

- t AN
Lﬁfﬂhlm

Drought

1
High salinity Flooding

Figure 1. There are various environmental stresses that can severally affect life
of living organisms, and due to the human activity the environmental stresses

are considered getting worse.
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pathway¢] 7#H%E 7}5sHA = ATk
Ag7tA e d7E FA=EG 2 i3t WS ZEd FAT7] A 873

of thet A EAS Wgo AFAA d&E T e F AHe DA {FHAXE

&3 ot AT HZ AT ]

A AZ=E Aok=d Ztshe

= ™
factore] FAAES ez olFojxa Qr}. ol 3 F9

S AR} & = transcription factori} signal transduction pathway componente= &
BEE# 2o ¥REEA dojuts AEAY] NS HFY HEse FAA =
AT Fdolt fAA AHEEY Vvs AT J2lER, SF2EH 2
g HAds ZEd F3 Atk "AdA Holg ez Hn. HAAR o3
A= M7IFHE 2 o]FofA o I A7d7 w3 Hud 4330l
g 4 Qlth. &, transcription factore] WEZFHo] 93 o]Fojz AL tfsh
WAool Az2EY 2 tsk Aol =713k ol 713t 7 B 5 9tk (Shinozaki and
Yamaguchi—Shinozaki, 2006).
HAEH SH2Ef 2o g4 A3

o

AAS A EE JHS HZS A BFAY AAUZOIH oF MAYEH 37
ez 3F BYAOR FBo] G WA w HARH §HLEA 2 A

29} A2 7] WAL o|11= signal reception®} signal transduction pathway<}b
response= A2 EZA3FA A QLo AT dri(Apel and Hirt, 2004;
Bailey—Serres and Voesenenk, 2008; Chinnusamy et al., 2007; Hasegawa et al.,
2000; Survila et al., 2009; Yamaguchi—Shinozaki and Shinozaki, 2006; Zhu et al.,
2007).



= gt AL AEAV AZ2EHAE drlht Z olAY = Qe Ve 2RSS e
7|&olg}t Atk 2EH A s2Eo 7 2 & abscisic acid(ABA)= =23 4
o Fole AEANA A AEAY W FAFe] el (Lang et al,
1994) oz} ABASt dA#E AEA Y AxAEH 2o 3l vke3 2L HAP )3t
01—?7} B2 AFHE o)FUt. o] oA HARLEH A %H E’“—‘lii e
o] FEHE tFe FAAECl HIFUNE St o8 AEAZEE FEYH

o] B3 I ®t}(Ingram and Bartels, 1996; Shinozaki and Yamaguchl—Shmozakl
2006). °15 fHAe] A8 7IFH] e @HASLS o Zeo] T IF
TR 7% sttt shte a2 AxAEH LS BAHESY A )5S 6}-‘5
ol A5 2 4 Qosmoprotectant(sugar, proline, betaine 5)¢] 34 pathwaye] &
A5, QtE IJFHES EIdAY AATS Hoste @A (LEA, osmotin,
chaperone 5), @& A Af&&S HHste @A E3l&

protease, ubiquitin), DAFZ2=E# 2 3} A EA A A4
= @ F(glutathione S—transferase, soluble epoxide hydrolase, catalase,
superoxide dismutase, ascorbate peroxidase %), ®&9] o]&& ZH3s}= porin 59

[

water channel Tl ASo] TIHATH T s} 12L Y AxAEF A0 uHE
o
=

l

Z7~(thio protease, Clp
He @44 E AASH

2)
L7 HLd #FAstA Fovt A BFxHoN) AZHGS FAFoIN Ax
2EH 2o e v HeS FEse duid Lol ok

(1) Azx2E#f 29 #aEsted AH 75S st v g

3l
Al B2 ¢ %% %}741 Hlu, o0 A3z A xF

74] 5131 w}a}/ﬂ ‘?l—. e-ﬂ]' Alzete]l WS fasiA goh AEA= oo g A
SHAUEZS Fslel A=z 7HAA om, 2 3h}7} proline, glutamate,
glycine—betaine, carnitine, mannitol, sorbitol, fructan, polyol, trehalose, sucrose,

< Wx2Ef 2o ¥hgste] o AATEN MEE e
water potentialE ZA3F Z o]t} (LeRudulier and Bouillard, 1983; Delauney and
Verma, 1993; Pilson—Smits et al., 1995; Holmstrom and Welin, 1996; Anami et al.,
2009). =3 thREZ] AEAE AX2EY2E A7 FAA =W 7Y dHAE
(LEA, heat—shock protein 5)& Al2o] AAAsIH o5 WAL T Fx9 7]
58 H33e 988 & Aoz FbEa ¢gdvh(Arakawa, et al, 1991; Close, 1996;
Wang et al., 2004).

=

oligosaccharide =

AZ~EY 2 slolA AEA dole E44E2(ROS)Y Ao tF F715to]
AR GALAE wl- Ao 7&6& AE B TEAZAI} AEE

o IIFAE 7HA2T AEAs BN E Xﬂﬂo}“ 71'%5& 3&E ascorbate

peroxidase, catalase, glutathione reductase, superoxide dismutase 2 7}A 2 e
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M oo AzsEds YAT AR AdD 4R nHel ANHT UG
(Galinski, 1993; Yamaguchi—Shinozaki and Shinozaki, 2006).

kst Az EA81H AZHE 3 B9 o5& FH= water channel
proteind]] 3+ A7 % Y AT At BAL T3 Qul. Arabidopsis thaliana®]
FAA F71ME BA A, 30 7l¢] water channel protein®] A X}7} off 713 o)

o e ALE EAHIL T olF T, dF = UXLEH 2 o8 TdHo| F7}
ste 5 Ax2Ed 2 WS dBAde dUEhie AFEe= o 7HA #QlEa

9t} (Guerrero et al, 1990; Johansson, et al., 1998; Kjellbom, et al, 1999). 11}
water channel proteing overexpressionA|Zl 2uje] A9 Aol =2lo] 3elx A
7 9lo] Bu} t}eksl water channel proteinol] T3k BAo] @ ¥ ¢t} (Aharon
et al., 2003).

(2) Azx2Ef 2o #BHESIY 758t HAAFZZA RS} signal transduction pathway
component: A. thalianaZ ANEZ 3 AT Ay HAZ2EFH 29} #HSY Holx
471 ¢] signal transduction pathway?] ZA] 7}5Alo] Adg=11 Jrt: o] =, FAH=
ABA—dependentd Ao 2 EA g glom, 7= ABA—independentd oz BA
%) 2 QIth(Shinozaki et al, 1997; Shinozaki et al, 2003). AZAEd 2o o3& @&
ol AFEAYL Frksts FHAS] promoter FHAE EAMZF Az, oz 9
cis—acting =+ trans—acting elementS-o] 1= ct. o]5 =, ABA—depedent signal
transduction pathway2] ZA-$-ol= th7§ 2] promoter B4 ABRE (ABA—responsive
element, PyACGTGGC)7} elxlx ity 28]l ABRE] ZEslE transcription
factor7} BA15] o] basic domain/leucine zipper (bZIP) whul A ¢lo] Q1% gtk (Abe et
al.,, 1997; Immink and Angenent, 2002).

ABA—independent signal transduction pathway$] A%l 9—bpel Z H=F
DRE (dehydration—response element, TACCGACAT)7} &<2l=11 ¢lo ™, EREBP/AP2
DNA—binding domaing 7}xx ¢l DREB Z% w#ldo] &=k (Liu et al,
1998; Shinozaki et al., 2003).

(3) AZx2~E# 29 #H3 signal transduction pathway$] component: ZF &&=
signal transduction pathway$] T4 Q8450 AZXAEH 20 o8] Ldo| Al ZFEAH
v A=Fo] Zelx]ltt. Calmodulin, G—protein, protein kinase, phospholipase C &
o] Azx2Ed 2d o5 wdHo| AZE AV FItgho] o] AgolA Zelxa Utk
(Urao, 1994; Frank et al., 2000; Yamaguchi—Shinozaki and Shinozaki, 2006). =221}
signal transduction pathway component®] AZAE# XoAe] Ggd fsis A
HAQ AT 2= v s et skl
(4) Transgenic approachZ ©|-&3 HAZAE# 2o that A AZAE# 29 O
o

PAQEEE 4o AAHoR WY 4B AL F5AL A B

_12_



ATF7F AASHA ST Ax2EH L EAFHo=z WHEFHE FAATE 35S
cauliflower mosaic virus promoter ¥+ cis—acting element (DRE, ABRE )¢l & 3] o]
W71t =l B Soll YA 2 2, /Y] Bee g F3lo] FH
SHA] &= R @Fo} transcription factor7} A E 7]5L A AL transcription
factore] €& turn on & downstream geneo] WF 2L #AAZ YA =320
FEol YEh A e ASR A Qo

TeAEH A HALE 3 7|7+ heat—shock protein®} heat—shock factor7} ¢
TE olEL o v HAEA FHEY 2 F-o Zo] BG4S redox
potential®] W37} AHHo 7 FAsE o] AT dFET AN B2
cellular proteingo] IL-22Eg 2o o& JTFS i old WE nl-$ F33t W)
7F A 9k (Rizhsky et al., 2002; Wang et al., 2004).

A3 vio} go] HAEF 2Ef A Q959 signal transduction pathways £33}
A& A ¢lor, wetA signal receptiono]u} signal transduction pathwaye] @Y 42k #H
sl o3 HAEH 2EH 2z ik g #st 3lE heAde wie Hrka e
ol B AFe HIAEZ 2Ef2d Fd AEAAA FHASHA TR FAs= Al
FAE 23-& Sl

A ZALE S JANE BEANA G| FIHs dgapge] dFoly =3 AEA7 A
e Y o DAste A A @Ao7IE stk AZAMES AEiAtete g {4
© 2 program¥ o] ¢J&-o] Flxm Qo upglA programmed cell death(PCD)g}a €A o]
itk PCDE &A1Y ARz wa 5 FHLAH Q=L JJon, AEAJAE IF
o] wabg oA e gtk Xylem vessele] @234, aerenchyma®] ¥e, endosperme]
ST =373 AEANME PCD7 d7] vebdti(Nagano ef al, 2009; Duan et al,
2010)

AEAZE AEZ 2Ef 2o AR 2Ef2E TS T f?_ F-g o B33t

PCDE uehdt). 8|2 AgA)e] PCDE £E49] PCDY Hla) Hag w7} o] o, n
A7z EX7 Aed gl Asley 24 ZAass 4 &4 9 PCD7} TEA < PCDe} &
L FEAHEL /AT 9L RHAFT HuE ZEHEZE QA9 condensation,

nuclear DNA fragmentation, 444 9ke] ATA] 8] caspasedo] TIE 4 de ©d
A BHEAES 5 4 Juth(Lam et al., 2001; Bolduc et al., 2003; Huchelhoven, 2004).
PCDe] ZAAE ZFoA= PCDE fdst= AAZ A BAX(Koremer, 1997)7} &
o 79 hate] o] gton] BAXY 7% olAlxtel BI-1(BAX inhibitor—1;
Scorrano and Korsmeyer 2003)¢] wata PCDE oA|stE AAZ A9 thAbo] &
of b WAAA ABANA BAXS fA1% BMA EE 19 fAAE 57
g2 WhHo] BI-12 AEAdAE & BEEO e @ lo]l AL, ofd
BI-12} da® AEAAAMY MEAE AA 75l 3 AF7t o|FoA gtk A

_13_



EA¢] Bl-1& &S24 LA AS o TRNA A ZAEY AAFER7 SAFHS
o m(Sanchez et al., 2000), A3+ &37} o 71t A E (Duan et al, 2010), &l
A E (Lacomme and Cruz, 1999), Bg] A|Z (Eichman et al, 2010)&} ¥ A= (Ishikawa
et al, 2010)oll 4] B =t

250 Aol AEA 2EH L aRlE Hue HAER 2EH 2 Q159 o3 d4
A £A¥Le AAAcz da #AAHT 9= Ago|th(Bray et al, 2000: Wang et al,
2007). 28] FA B2 FHE B U= AT 2% IS o) | B A%
2§ Aald Aolgt= otk (Lane and Jarvis, 2007). wpabA] ZE9] A &2 &

O

r[r

Pe Sla) Aew uish 2ol MABA AEd el e U4e ABol Rl AT =
o] 4AFEAeE Hol AxHT gt

HIAEA ZF2EY 2 o3k 259 &4 A4S 93 =8 PCD Al wE 7]
& ] fode AEsh uiel Zo] PCDE AAQIALZ dQlH Bl-1o] AEA A vHAE
A ~E# 2 o5 wdo| AH3F] %(Watanabe and Lam, 2006; & Alge] %7 A3

2 AYe 43 2 1xpdxe d3AanE PCDe 9AQlxtE 4 molecular chaperoned]
2+8 7hsAdo] AZIEATE &, Bl—Io] I3 H transgenic BHlAEA] Q] transcript 24 2
3} small heat shock protein(sHSP)Q] A A}50| B/—19] Zats Az 74514 @dlo] 4%
o] AU, o}&8 1A RS AT ZAT= £ HA oA AMESE 9] BI-1 AR &
Hjel| A Td-S transgneic FHjo BIAEZ ZEH 2 the YA S 7Aoo A
o Afde fFAMNE BV S HY FUoh old 139 Bl-Io] ILHH
transgenic Fuljell A W&ol Al FEH sHSPO| FAAE Hulj ok 5ol HLdA 7= 7

S 359t webA small heat shock proteine] =] 7|&/lY A= Qokstux} 3t
o}

sHSPEL- tekdl 287 FAE|o] 9o} FEA O Z q—crystalline domaing N-¢& 5
9 wrako 2 74 7FA 2 9tk (MacRae, 2000). N—-2cdta} C—2oh B9= sHSPES 7l Agsh
zfolg Holm o]e} e Thekdo] sHSPe] theFst 7|53 Theksh W ofda dAds o] 9l
= Ao 2 By 9 th(Kriehuber et al, 2010). sHSP @Al = 12 kDo A 42 kD] =7]&
7HAH, 2o AL 9 dA 2478¢] oligomer complex® A 3TH(van Montfort et al.,
2002). 29} FEA S} AEAE FEst2 sHSP| 7|5 #3 B2 A7 =
Z3A el AL sHSPS ATP—H]9]&4 molecular chaperone® & 43352 Tt =, sHSP=
T2 heat shock proteingz= g AZ ddA oE whldse] H7t9d wAT)
aggregations WASFE 98-S ATP/}F gl 2HNAE Fd3tt= Aotk (van Montfort
et al, 2002). 4=z, 1L 23 WAE tWAE(clinet proteing W) ==%
hydrophobic ¥} sHSPE2] 122 Aejol A =Z%|+= hydrophobic M 7}2] interaction® &
sHSP#} client proteins# E-8HA) 7} 8 A 5|0 client proteinE¢] 3E E7153 Ag 29 ¥

>
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& wAa T Aoz slsol ANED Utk sHSPET Bz B4F 9% W4 o
3 Z Z7o] &3l sHSPEZXHEH o|gr o] ~2~F renaturation forme =
Sol7AY ATPE AFe3sF= HSP70/DnaKe} cochaperoneS9] 7159 98l renaturation®lth

“s"“’\ coo _ Unfolded
protein
ATP
NH}
K ADP+P;

Heat Shock Unfolded or

partly folded
protein
+
+
NH}
\ / ‘\.
. 4
cochaperone
bmall HSPs Nrt; hsp60
i

ATP  ADP+P, . e NH;

Cleavage of
Mature part of uptake-targating %
protein in final sequence

configuration

Figure 2. Hypothetical working model for small heat shock proteins. Abiotic stresses
induce denaturation of proteins that usually result in severe deconformation and often
aggregation of the proteins. Small HSPs can make hydrophobic interaction with the newly
exposed hydrophobic surface of the denaturing proteins and prevent them from severe
denaturation. Once the proteins are saved from severe denaturation, they often resume
renaturation by themselves or with the help from ATP-dependent molecular chaperones,

such as hsp70 and hsp60 as shown here.
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sHSPE9 #<ld 7]52E ofn] wj¢- vhekste] Ao e A7 N YEA AA=
Aol e AT dAe] BAstE Aoz BHuHm rk fARe] Wan AAF 3P BE,
Axze Ae Aeagde BHs, AT BEiAe B, oAAME AA4aEe BE T
g #doge] FRH Jlon mepx B AFAEe] J12E AZEAE AR AR AAE
o] ¢Jth(Basha et al, 2004; Nakamoto and Vigh, 2007).

AEAds F2 94X groupd] sHSPEo] HiEo] glen, 252 EAlske AlX Y
AxeF FFAQA GAMAA 98] CI, CI, CII, plastid, endoplasmic reticulum, &3l
mitochondria® & 2 FE3}2 9t} 0|5 =, CI, ClI¢} CIII= cytoplasmol] ZA|5t= Hoea H
T FHoeut H2 AFAIE o]So] cytoplasm¥ nucleusE shuttlingsls Ao 2 FQlE
Ak (Waters et al, 2008).

Lil
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ic]

inhibitor—1(BI—1) gene& Ei%s}ﬂﬂ}(CaBJ—zgi 2

Oﬂ:rL%]% B Ao Aggdt AFe Zim 13 (Capsicum annuum cv. Bu
BAX ™).

wg% ST S Aok a3 FAR £ WIH U F 57 A3
o

" fFEo 90%e F=7F FAEE wjdT]

A 42CT= 247 B9 12 HYE 8

o poly(A)+RNA§ ZZ3le] cDNA libraryE AlZst9th. A z23F ¢cDNA librarysS
one path nucleotide sequencingg s}y Z+ cDNA9] thal] ¢ 300—500 nucleotide®]
AN EL Fsta 0|5 A7|AEE public databaseE AAst 7=
BI-13 §-AMA o] =& cDNA Z 22 Adsgn). A¥®E Bl-19 putative cDNA Z2
ol A 4rIMEE AAe Y (Fig. 3) Hud Bl-1 fFAAESTY AFAo] mfl¢ &

< FASATH(ohrl

= 88.1%9 3EA, w9 Bl-13t= 81.6%2 4&A4).

184

244

304

3ed

824

£E84

544

&4

cod

724

784

844

904

9&4

1024

gge
acgaggttogtttoggtoegtttocactgttocaaaaaatactogaagagaagaaaacggag
7] E
ggtttecacgrogttottogaategcaataggottctegeagregotggaattatgatget
G F T 2 F F E s Q £ A - R - R W N Y D A
CTCARAAACTITCCATCAJATCECECCEogtgttcaRACECATCtCRAARCAGgIECLACETE
L K ¥ F H © I § P R ¥V © T H L ®E @ ¥ ¥ L
al'.:aI'_"I:.atq{:'I:g'l'_gI"_"I:.'.'_'I:EI;'EI"_'q'l::aECagCIqC:qqqq‘f_‘ttaﬂcttﬂaﬂﬂEtCE:tqga&\’_‘
T L c c A L ' R s A A G R k4 L H I L W N
ATCgYTggeTtCCtCACAACACTgYCTIgCaAttggaAgcaAtggTgtggctTCtggcaact
L G ] F L T T L A c I & s M v W L L A T
ccEtccttate aaqaqr_‘aaaaaaqqgtqg actct c\_qatqqcaqc:gcactc't gaaqgc
F F T Q E Q K R v A L L M A A A L F E G
gettcaATIggrcctciJaATtgaactgygcatcaacttogacccaagecattgtgocttgye
B - I G F L L E L & 1 N F D F 5 I v L G
getttTigraggrtgtggtgtggttttTgygttgcttetcagetgotyccatygttggcaagg
B F W G C G v v F G c F - A A A M L A R
cgcagggaytacttgtacctiggaggccttcEtiCATCEggtgtetccctoctCatgtyy
R R E b4 L T L G F L L S -1 G v 5 L L M W
ttgcactttgcatcctoccatttttggrggtgecatggecccttttcaagtttgaggtgtat
L H F & 5 5 I F G G R M R L F K F E VW ¥
htgqhth:btqghqtttqtgqgctacayagthtytqacacccaaqaaaccatbgagaaq
F & F L v F WV G T I v F D T Q E I I E K
getcacttggytgatatggattacgtcaagcatgcactcaccetettcacagattttgee
B H L G D M D X ¥ K H A L T L F T D F ¥
gragtctttgtgoggattttgatcatcatgttgaagaatgocatttgagaaggaagagaag
A VY F VW R I L I I M L E B A F E E E E K
aagaagaagaggagaaactagatttgrtttataggctactactgaaactcaacctgtgta
K E B B BR HW ¥
atttttgtaacagttctgttcacctaaagraagcatgttaatagttcgacactagtttag
geataggttgtgatacattgttgtgtgacaatgccattatggotgetgattgatcatgtyg
tagcctttctatcttttgaagetttttaacatttgataagaaagttgettgtgggatate
caaagtygaaaaaaaiaaaraa’rialaaaiaaaaaaaaaaaaa
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Figure 3. Sequence analysis of CaBlI—1. Nucleotide and deduced amino acid
sequences of CaB/—1. The protein—coding regions are in uppercase letters and the
53— and 3— flanking regions are in lower letters. Putative open reading frame
(ORF) is shown below the nucleotide sequence in one—letter symbols of amino
acids. Nucleotide members are on the left side and the amino acid numbers are
on the right side. The putative termination codon is marked by an asterisk (*).

The start codon and termination codon are underlined.

Genomic DNA blot B4 A3l= 11F2] genomeol] BI—19] single copy® & &
7hsdE A AT (Fig. 4).

H, Hindll
E, FooRI
B, BamHT
N, Neol
X, Kbal

Figure 4. CaBI-1 gene copy number in the hot pepper genome. Genomic
DNA (10 ug) was digested with HindIll (H), EcoRI (E), BamHI (B), Ncol (N)
and Xbal (X), and run on a 0.7% agarose gel. The blot was probed with
a-¥P-dCTP-labeled probe for CaBI-1. DNA size marker is indicated in kilobase

pairs at the left.

I
M "
=)
k]
(o
AU
—
>
o
2
£
o
ol
o
3
T
~
=
ay
=
w
o
nl
=4
\
X
ox
ox
i,
filo
dot
o
sk

transcript] B2 ZE Z oA FAF Ao dHES T o}

_18_



FAH Zpol7b ol wat BHEHAT. =7]9 B 1‘— 4AZrel LA A7t
A A&Ho g CaBl-1 transcrlptA O‘EO] 77}0}9101/} gl _T’_%ﬂﬂl 3A]

Qo= CaBI—1 transcript®] ¢Fo] 8A|7M7HA] G-AH o m 2 ZFo ZAaste okAatol
&= Ak (Fig. 5).

AT g = 250mM NaCl ZAA F3Ystgoem 7)o A CaBl[—1 transcript
o] 7H ®ol I AR (Fig. 5). A2AHe= 4C= 519 E7|A CaBI-1
transcript®] 2oFo| 7}& @o] induction o™ B o)A THFoko] 7 wrekth(Fig.
5).

i

o

C High temp (42°C) Drought Low temp (4°C)  High salinity {250mM)
1 2 3 4 051 2 4 8 12 4 8 12 M 051 2 4 h

Leaf h | L g - ] ia.‘ :
A Ah AR R T R L

—my il A =

4
Stem 4 | 4

— e ey e - - . — -y e e -
-.-”“_HMHNMHH-‘_ iR K K

niE Wﬂ

Root
e ----' ﬂ----------ﬂ-’-‘.-'—-

2 X X R R 2 2 B 2 & A 2 2 R L & B B |

Figure b5. Effects of various stresses on the level of CaBI-1 transcripts on
different tissues of hot pepper plants. The treated tissues were harvested at the
indicated time points and total RNAs were isolated. Total RNAs (20 ug) were
separated by electrophoresis on a 1.2% —formaldehyde-agarose gel and blotted to
a Hybond N nylon membrane. To confirm complete transfer of RNA to the
membrane filter, both gel and membrane were viewed under UV light after
transfer. The filter was hybridized with “P-labeled probe under normal stringent

hybridization and washing conditions.
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HAB] A7 oo WE CaBl—1 transcript] AL B A5
A Aol A 3 ddo] BAEALL o|F 48AUNU7MAE HaE Sttt
Al 72412 e 7k A wko] Frbek Atk (Fig. 6).

TF FHo] ABA(100uM)E AHE3FH S Al, 3A|ZF o]Fof CaBl[—1 transcripte]
ko]l o] TS AT & Atk (Fig. 6).

Heavy metals (100 mM)

C Ca MgMn Co Li Flooding
C1 2 4 8 2436 486072 h

---" -

Ll Ak I

24h - --'.-'

3h

6h

ABA (100 uM)

C 3 6 12 24 48 h

LT

Figure 6. Effects of heavy metal, flooding and ABA treatment on the level of
CaBI-1 transcripts. Total RNA was isolated from hot pepper plants that had
been incubated by heavy metal, flooding, and ABA treatment. Total RNAs (20
ug) were separated by electrophoresis on a 1.2%-formaldehyde-agarose gel and
blotted to a Hybond N nylon membrane. To confirm complete transfer of RNA
to the membrane filter, both gel and membrane were viewed under UV light
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after transfer. The filter was hybridized with “p-labeled probe under normal

stringent hybridization and washing conditions.

CaBI—-1¢] AEA YAAY 75L BA517] 98l CaBl—1¢] AA open reading
frameo] A A=<= FHAATA S E Azt st CaBI—19] A A open
reading frame& A EA A AA BFHL o]1m= promoter?l cauliflower mosaic
virus®] 35S transcripte] promotero]] B4 sense X antisense W3O Z plant
binary expression vectoroll AU TH(Fig. 7). ZHE expression vectore=
Agrobacterium tumefaciens strain LBA44040] EYE a1, Bl & dHo| FZAS
9l Binary vector7} 7FAT Q& FAAIE M T AEE 93l selection
markere] wWa} kanamycine] So0]9l= MSu) Ao Al A1 jn vitro regeneration
= Ao} 319 putatuve transgenic A EANE F F2ZAYUE ZF 12702 sense(CaBl—1
ORF7} promotere]] sense H'gko 2 AZAYE) 2 EA <} antisense(CaBl—1 ORF7}
promotero] antisense ®&Fe g2 AZAE) A EA o | CaBl—1I transcripte] A o
HZ RNA blot 4oz sttt Wild type HHiRERHE FAHA] FE
CaBI—1 transcript®] Aol A<l zlol= Qo) EAHE TE sense A EA5
antisene A S A EZFE FAE AL o] FRHI CaBl-19] FAAFo| v]-¢ L4
o2 g AEAE AR st o|FoHSE FUstd Fa vk (Fig. 7)
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Figure 7. Generation of CaBI-1 overexpressed transgenic tobacco plants. A,
Diagrammatic representation of pBKS1-1-CaBI-1 construct employed for
tobacco transformation. CaBI-1, 747 bp C annuum Bax inhibitor-1 gene; Pnos,
promoter of nopaline synthase gene; NPT, neomycin phosphotransferase gene;
P35S, 35S promoter of cauliflower mosaic virus, Tnos, terminator of nopaline
synthase gene; KnR, kanamycin resistance gene; RB, right border sequence of
T-DNA; LB, left border sequence of T-DNA. RNA blot hybridization results for
wild type, vector only and putative T transgenic plant line (kanamycin selected)
carrying ORF of CaBI-1 in sense B, and antisense C, orientation. Total RNAs
(20 ug) were separated by electrophoresis on a 1.2%-formaldehyde-agarose gel
and blotted to a Hybond - N nylon membrane. To confirm complete transfer of
RNA to the membrane filter, both gel and membrane were viewed under UV
light after transfer. Blots were hybridized to “p-labelled CaBI-1 ribo-probe
under normal stringent hybridization and washing conditions. Photographs
showing plantles in the in vitro regeneration processes and the transgenic
tobacco plants in the process of seed harvesting after self-fertilization are also
provided.
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(0.128mg/g) <} 3.68mg/g (0.167mg/g)<l ¥t CaBI—1 sense & AASA| 52 H-foll=
X 9} standard deviationo] 4.11—5.79mg/g@} 0.448—-0.244mg/go] At} (Fig. 8).

olE¢] 252 CaBl-1o] i EA oA L2 dE SAAE F deH o]g

A
B Before heat stress
35 7
=25 =6 1
- =
£ g5
g z .
[ E a4 4
- o
c 15 2
- £
= g3
E g
2 £%]
]
E 0.5 i 14
=
“ o ]
WT W AS-3JAS5-9 5-2 55 56 57 5-8 5-135-145-15 | WT WV AS-3A5-9 5-2 55 5-6 57 5-8 5-13 5-145-15

Figure 8. Enhanced thermotolerance of Passs:CaBI-1 plants. A, Comparison of
wild type, vector and Psss:CaBI-1 plants after heat shock. Young plants of about
8 leaves of transgenic (sense and antisense) as well as wild type and vector
plants were exposed to high temperature at 48°C for 2hours and returned to the
normal temperature (25°C) for recovery. After 7 days photographs were taken.
B, Comparison of chlorophyll content in the wild type, vector and transgenic
(sense and antisense) plants after heat-stress. All plants were heat stressed at
48°C for 2 hours and returned to the normal condition for recovery. After 7
days, total chlorophyll was extracted. C, Comparison of protein content in wild
type, vector and Psxs:CaBI-1 (sense and antisense) plants after heat stress at
48°C for 2 hours. Data are mean values + SD of three measurements.

244 WAUES 4540 FF 303 wude BE 5N dusol Jee
AT SAT.
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A Y 2Hez &7 F A BA=E dxzTo vustd 48T CaBl-1 ¥
1 AEAEL Hx2TFEC] FIHT FTFT Ax2EY2ZREH &SR Ren
= dtE FAAQA AZE AN FEeol AU (Fig. 9). AXZ2EH 2 Ao} &
718 AR 39 wild type A EA 9 empty vector FAHAFA S WA FL H A

9} standard deviatione] Z+z}t 1.87g3} 0.036g 28] 2.09g%} 0.053g<Q] ®FH, sense
FAAZA S WA FL BHFX 9 standard deviatione] 3.25—5.01gz 0.167—0.200g
o]qlt} (Fig. 9). Relative water content®] = 2% P35S:CaBl—1 sense 2 EAH S oA
WAAMe FHL st FIth. Relative water content= wild type¥} empty
vector A A SN A HFX ¢} standard deviationo] 2zt 63.04% ¢} 0.67% 18]
2 64.22%9F 2%2] HFE | sense FAAZ A lineSL I X<} standard deviation©]
67.62—80.95%%}F 4.00—5.33%°]1} (Fig. 9). o] ZAT}E-L P35S:CaBl—1 & AAZA

T A EA Y] WAY FHE FHITL ST
TET O YA BHe g2 (0, 50, 1009+ 200 mM)e] NaClE &3k

MS uj=lol] FAE wFotar AAFH o] Zolg FHFo =N A AT
50mM NaCl 274 empty vector®} antisense B A A FA| So] )= <k17%9 24
o] e A7} B whH sense FAAIAE Zo] A ZAavl BEREHA
gFtH(Fig. 10B). NaCl 100mM z oAM= x+59 e 439 #a7t o F
o] VERd BtHo| sense FAAFA T AAF Aol A TAE VERAA &9
t}. NaCl 200mMe] Z Ao A= sense & ZAAZFA line #2(S—2 line)L AYstne= o
279 sense FHEATA EFAA A Fsi7t @At sense FHEAFAAE
200mM NaCle] ZEg zoA= WS YRR XFE #Fsth. 28y S-2
lineo] 7%= FolstAl 200mM NaCle] 73t HZ2Ef 2 A% WyAdS e
t}(Fig. 10B).
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35 days withholding of water 48 hours after re-watering

B C
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Figure 9. The tobacco plants expressing CaBIl-1 exhibited drought tolerance
under water deficit. A, Phenotype of tobacco plants at 35 days after the
cessation of water and their recovery after 48 hrs of re-watering. B, Fresh
welight of the wild type, vector and the transgenic lines after 48 hrs of
re-watering. C, Relative water content of wild type vector and transgenic lines
after 48 hrs of re-watering. Data are mean values + SD of three measurements.

Wb, CaBl- u FAAP] B2 BHHEAL DR h el F7haz

E AL vwslYge AloE sense FEAIA lineEdA FEHOE JERA
orrt. &, 5015}74] AA ] =717} JJ-% = sense line(S—2 line)g A 9slne
sense HAAZA lineEd 2T AEA S A 50mM NaCle] ZA A <k 23%<]

AR gt ol FAE o™ 100mM NaCl ZANAE F 45%2] AAF 4
7 23] AFAcH(Fig. 100).
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Figure 10. Enhanced tolerance to salt in Psss:CaBI-1 plants. A, Phenotype of
transgenic tobacco plants (sense) and control plants (vector only and antisense)
with or without salt stress. Kanamycin selected plantlets were transferred to
MS medium containing different concentrations of NaCl and grown in vertical
position for 10 days. Comparison of root length B, and fresh weight C in
transgenic lines (sense) and control plants (vector and antisense plants) with or

without salt stress. Data are mean values + SD of three measurements.

Ar2EY e o] 8F A AEAE 497 & Fofl ¢ds] Fo1A

447 AAAA =AM MgFTFozN 2EH2ZRHY IHI|HE FUH
28 =3 A3}, wild typed} empty vector & & A 3-H ¢} antisense &
A 2 EE TR 2.6—3.1mg/g fresh weight7} =4 =% ¥lHo) sense & 2 A%
BE 5.2—-7.1mg/g fresh weight®] 4= 47 2= cH(Fig. 11). gh A 3hako)
AnE 2T lineS2EEHE 4.03—-6.23mg/g fresh weight7} 3591 sens
AAZHE = 8.23—-12.77mg/g fresh weight”} &= ¢tk (Fig. 11). 0|5 A=
CaBI—19] =47 & s gulj A EA7E Je2Ed 2 tig jAdES 7HA

& RoFET.

o

o
o
)

2 le 2

('D
ﬂ-lll'l ot JIN'
L oINS N 1R R

=

_27_



~  Ghlorgphyll congent (mefg)

—
3
-
£
o
[
o
=
=
8
=
L)
=
2
B

Figure 11. Enhanced flooding stress tolerance of Pss:CaBI-1 plants. Comparison
of chlorophyll content in the wild type, vector and transgenic (sense and
antisense) plants after flooding stress. All plants were fully submerged in water
for 4 days and returned to the normal condition for recovery. After 4 days, total
chlorophyll was extracted. Comparison of protein content in wild type, vector
and Psss:CaBI-1 (sense and antisense) plants after the flooding stress and

recovery. Data are mean values + SD of three measurements.
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A &1} relative water content® =& st v wstHTh. 1
Az}, YA FLE 2T lineSolA 1.59-2.62g0] ZHHAT sense A AA lines
A= 3.42—4.92g0] A= drt. Relative water content= WETF lineS ol A
63.9—67.2%7} A=Y sense HAAZA lineSdA= 71.6—80.1%7F A=At
(Fig. 12).
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Figure 12. The tobacco plants expressing CaBI-1 exhibited cold tolerance.
Fresh weight of the wild type, vector and the transgenic lines after a cold
treatment for 4 days and recovery for 5 days. Relative water content of wild
type vector and transgenic lines after the cold treatment and recovery. Data are

mean values + SD of three measurements.
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Figure 13. Aluminium plate was covered with potting soil and lettuce seeds
were sown. After one month of culture in the culture room, the full plate was
subjected to abiotic stress treatments. The bottom photograph is one example of

the lettuce plants after heat stress treatments and recovery period.
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Figure 14. Aluminium plate was covered with potting soil and tobacco seeds
were sown. After five weeks culture in the culture room, the full plate was
subjected to abiotic stress treatments. The bottom photograph is one example of

the tobacco plants after heat stress treatments and recovery period.
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CaBI—1¢] &4 & =@ o| YAt1t ZAEoAls omdt J&TFS ehf=A &o}
oA AM&-8} CaBI—1 expression vector® Agrobacterium
tumefaciense ©]838t% EAs}1l in vitro regeneration s}9th(Fig. 15).

In vitro regenerationX] o] BlUYER & 47 putative transgenic 43 A EAH o] of
e ARG FujaEA fBE 9 Zo] CaBl-1I transcripte] A4 o7
£ RNA blot 248 st Attt 2 27, 90% o) Fddg A=
AEE HFAHE AR AFE AEAEC] EUH CaBl—19] transcript® A Ago] 3l
Atk (Fig. 16).
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<6 weeks after inoculation>

Figure 15. In vitro regeneration of the lettuce plants after transformation of the
CaBI-1 expression vector.
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WT V. #2 #4 #5 #6 #7 #8 #9 #11 #12 #13#14#15

Total RNA

Figure 16. Confirmation of CaBI-1 overexpressed transgenic lettuce plants by
RNA blot hybridization. Total RNAs (20 ug) were separated by electrophoresis
on a 1.2%-formaldehyde-agarose gel and blotted to a Hybond -N nylon
membrane. To confirm complete transfer of RNA to the membrane filter, both
gel and membrane were viewed under UV light after transfer. Blots were
hybridized to “p-labelled CaBI-1 ribo-probe under normal stringent

hybridization and washing conditions.
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-8, 2717+ T S 6 Ay 3, wgdda] 497 vk
xp2)3= o] ZAo| (NAE AMgE P on, B A W ZAHS 3 T HetA

S EFoAE AN A,

CaBI—1 S AASA Fule} CaBl—1 FARSA 32 HAYEH ~Ed 20 g
W 4] JAE= Ftdl CaBl-18 HEA ol 753 7es BA 5
ol A S| 3t7] Y8l CaBI—1 sense FAHE ] A EA A 2T AEA}= o
2A L= = transcriptg el BA4E FHSIAT. F, CaBl—1 FAAE AEA A
CaBI-1¢] o8 2d== FHATS transcriptome £4& staA; AT

2 o] gene chipe] EASHA] ggoz of7|Fel 27K gene chip(ATHI
genome array)= AFE3F o™, AAAHQA ASZAANA v A CaBl—1 sense §
AAGA 2 line 270 (S—29} S—14)ell A FZ3 poly(A) "RNAF T} empty vector 32
A Fol line 17§l A &3 poly(A)+RNATS Bkt A &4 lined} tf=
T-oke] Blae Zb 234 REESte] o] folH om probe= Cy3 e CySE HASH
ARESEATE 2ol o)l HlB) 1.68) o]l FIhvt 4We EAA FEHLR
FlE= FARES CaBl-19] 23] 8= = FAAER FAHSIAT. 25 73719
FrAAE o] P35S:CaBl—1 Fuj A EAEANA T A A S Bl& F3A5HA TH
o] F7lete FAAEE UEHH(E 3).

ol 73709 FAASE HudE Thed Jlwel wet e ages FEss
ok 15708 FAAREL 7]EC 2EH 28 dvd @A Ee] fFAAEY0] B

ZEH22HE Bawes 9%
L o] AorElAth(Garcia—Goémez et al., 2000; Ueda et al., 2007; Larkindale
and Vierling, 2008). o]& o]+ small heat shock proteingo] X5, o5&
FEHO T P35S:CaBl—1 A EA o)A tzTo] u]s) 58] o]Ale] wraor =717} 3}
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ol F7hskn. FolM Az2Ed -~ AT
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EANME hF FAATY B

o] X1 % proline—rich protein

l"‘]




S AAH(He et al., 2002; Battaglia et al. 2007), BoA AFXAE#H A JAAT

SE!

T

o] B 1% plasma membrane intrinsic protein (PIP) (Guo et al. 2006), W] &A=}
¥ 3. P35S—CaBl—1 =) AEA A thzTFo) v]8] v-& ek (transcripte] YA F)o]

= =713k §ARE )3k microarray 241 A3}

]
ul

LN

AGI codea (Gene Descriptionb AffymetrixIDc [Fold changedP-Value
Stress related Protein
IAt3212580 heat shock protein 70 256245 at 2.7705 9.57E-01
IAt5202500 heat shock protein 18.2 250995 at 16.774 2.15E-02
A©3g09440  heat shock protein 17.4 258979 at 5.5215 /-50E-01
|At4235100 plasma membrane intrinsic protein (simip) 266533 s at 4.667 9.64E-01
At4219200 proline-rich family protein 254559 at 2.992 1.66E-01
IAt5g61150 leol-like family protein 247565 at 2.1255 5.59E-03
IAt5235630 glutamine synthetase (gs2) 249710 _at 22.032 4.93E-01
|At4209320 nucleoside diphosphatekinase 1 (ndkl) 255089 at 2.15 4.58E-01
|At3247650 bundle-sheath defective protein 2 family (bsd2) 252409 at 3.0465 7.65E-01
IAt5238350 disease resistance protein (nbs-lrr class) 249562 at 1.6685 1.84E-01
|At4214960 tubulin alpha-6 chain (tua6) 245270 at 4.401 1.12E-01
|At4238970 fructose-bisphosphatealdolase 252929 at 11.1215 3.75E-01
|At3218780 actin 2 (act2) 257749 at 5.7135 2.55E-01
|At1g50010 tubulin alpha-2 chain (tua2) 261639 at 6.3645 4.58E-01
At5208290 gf(l)lt(;\itfl-lz?iipeciﬁc protein 8 (yls8) / mitosis 246006_at 30115 2.99E-01
At5g17170 rubredoxin family protein 250073 _at 13.343 1.51E-01
|At1 254500 rubredoxin family protein 262954 at 6.789 8.51E-01
Metabolism
IAt5238430 ribulosebisphosphatecarboxylase small chain 1b 264474 s at 10.952 1.61E-02
At3g63440 f;i—il:i;digi ﬁgrr;ari;;:cizntaining protein / cytokinin 251178 at D 4595 4.55E-01

adenosylhomocysteinase_: / > 96E-01
|At4213940 s-adenosyl-I-homocysteine hydrolase / adohcyase [245356 at 3.005

(sahh)
|At4233080 protein kinase 253359 at 1.6975 4.78E-01
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inositol-3-phosphate synthase/ 4.06E-01
Agl0170 myo-inositol-1-phosphate synthase/ mi-1-p synthase:25047131t 4124
AGI codea  |Gene Descriptionb AffymetrixIDc [Fold changedP-Value
Transcription factor
IAt5239690 no apical meristem (nam) protein-related 249463 s at 1.939 1.61E-01
IAt5237800 basic helix-loop-helix (bhlh) family protein 2.48 1.49E-01
IAt5222260 male sterility 1 protein 1.9715 2.05E-01
|At2237470 histone h2b 265960 at 3.177 8.34E-01
|At3227360 histone h3 257714 at 5.215 4.19€-01
At5g10400 histone h3 250433 at 3.104 3.45E-01
Signal transduction
IAt5265430 14-3-3 protein gfl4 kappa (grf8) 247188 at 3.1775 7.11E-01
IAt5245810 cbl-interacting protein kinase 19 (cipk19) 248909 at 3.8725 1.14E-01
IAt5263870 serine/threonine protein phosphatase (pp7) 247306 _at 10.3505 3.83E-01
|At1270490 adp-ribosylation factor 260305 _at 16.2095 2.50E-02
PProtein fate (folding, modification, destination)
At 216890 ubiquitin-conjugating enzyme 264303 s at 1.946 4.38E-01
IAt5258590 ran-binding protein 1(ranbpl) 247771 at 1.816 1.82E-01
ubiquitin extension protein 2 (ubq2) / 60s 4.17E-01
At2g36170 ribosomal protein 140 (rpl40a) 263289 at 4.7775
IAt1229070 ribosomal protein 134 family protein 260898 at 3.903 6.44E-01
ubiquitin extension protein 1 (ubql) / 60s 4.16E-01
AB32390 o somal protein 140 (rpl40b) 252056 _at 3.7
|At1209070 c2 domain-containing protein / src2-like protein 264655 at 2.2945 5.93E-03
IAFFX-Athal-Ubq|
At4g05050  polyubiquitin (ubql1) 5L at 19.22 A.44E-01
255257 at
|At1231340 ubiquitin family protein 1.949 5.21E-01
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IAGI codea |Gene Descriptionb

AffymetrixIDc¢

Fold changed

P-Value

Energy

Atlg61520 chlorophyll a-b binding protein / lhci type iii 265033 _at 18.4685 4.54E-01
(Ihca3.1)

At1g31330 photo_system i reaction center subunit iii family 262557 at 4084 2.65E-01
protein -

|At3256940 dicarboxylate diiron protein (crdl) 251664 at 4.0525 3.22E-01

At4g28660 photqsystem ii reaction centre w (psbw) family 253790 at 5283 5.24E-01
protein

ABE54890 ichlorophyll a-b binding protein / lhci type i (cab) 251814 at 4.6965 9 87E-01
chlorophyll a-b binding protein 2/ lhcii type i 6.79E-01

IAt1229910 cab-2 / cab-140 (cab2a) 255997 s at 7.7275

IAt3258510 dead box rna helicase/ putative (rhl1) 251534 at 2.258 6.99E-01

A©2220260 photosystem i reaction center subunit iv/ 265287 at 0.836 7.33E-01
chloroplast/ psi-e/ (psae2)

PProtein synthesis

|At2220450 60s ribosomal protein 114 (rpll4a) 263372 at 6.2775 8.41E-01

IAt4g31985 60s ribosomal protein 139 (rpl39c) 253482 at 5.0165 4.30E-01

|At3253740 60s ribosomal protein 136 (rpl36b) 251926 at 2.524 9.03E-02

IAt3253890 40s ribosomal protein s21 (rps21b) 251921 at 8.838 9.85E-01

|At3253740 60s ribosomal protein 136 (rpl36b) 251926 at 3.3935 3.04E-01

|At3247370 40s ribosomal protein s20 (rps20b) 252413 at 7.2755 8.08E-01

|At4236130 60s ribosomal protein 18 (rpl8c) 265805 s at 2.4535 8.41E-01

|At1 204480 60s ribosomal protein 123 (rpl23a) 263665 at 6.4615 8.07E-01

IAt3205560 60s ribosomal protein 122-2 (rpl22b) 259112 at 4.7395 7.04E-01

|At3208520 60s ribosomal protein 141 (rpl41d) 256438 s at 2.3335 2.15E-01

IAt2g40205 60s ribosomal protein 141 (rpl4lc) 256438 s at 2.8045 3.31E-01

IAt2236160 40s ribosomal protein s14 (rpsl4a) 263286 at 2.845 1.98E-01

IAt5218380 40s ribosomal protein s16 (rpsl6c) 263821 s at 3.783 9.33E-01
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IAGI codea |Gene Descriptionb AffymetrixIDc[Fold changedP-Value

Unclassified protein

|At1g78915 expressed protein 3.684 6.42E-01
|At5g54440 expressed protein 248158 at 1.973 1.87E-01
IAt1 265295 expressed protein 264164 at 3.7205 8.50E-01
At4228100 expressed protein 253856 _at 1.771 1.82E-01
At4210220 hypothetical protein iblc3-1 protein 255804 at 1.962 1.27E-01
|At4200950 expressed protein 255652 at 1.7895 1.08E-01
ABg46480  oxidoreductase/ 20g-fe(ii) oxygenase family protein 252526 at  |1.86 220801
AUg1S50 L e domaimcontining protein | 2S8Tat 205 PO
IAt3g11560 expressed protein 259292 at 5.2525 5.38E-01
|At1208380 expressed protein 261746 at 5.115 9.61E-01
IAt5g35753 expressed protein 5.218 4.15E-01
|Atl1g64150 expressed protein 262342 at 33.032 1.75E-02

*Arabidopsis gene index number.
AccordingtotheArabidopsisinformationresource.
‘Identification number of Affymetrix Arabidopsis Gene Chip (ATH1). Genome Mapping Date: 5/29/2008,
TAIRS8 release.
Fold change indicates the average of results from four arrays.

Highlighted genes were confirmed by specific oligomer northern.

H % o] H1F glutamin synthetase (GS2), nucleoside diphosphate kinase 1 (ndkl),
tubulin alpha—6 chain (tua6)¥} tubulin alpha—2/alpha—4 chain (tua2) (Hoshida et al.,
2000; Huo et al., 2004; Verslues et al., 2007) 5-& CaBI—10] Eujol] 4] B|AEZ 2
Ef 2o YAS S5 ard #EE dwdsd 7hsAdol o skt

Microarrayell AF&¥ gene chip®] BHje] Zo] ofyar of 7| Ao Aol7] uwF-
o microarray Z3= RNA blot hybridizations =3§3}o] AF& vt 3= o
kol FUtelE FAAE YEMWE 70mer oligomer(ATH1  arrayel spot¥
oligomer)E 343} terminal transferase reaction®.Z P end labelingd =,
sense FA XA Flet wild type HHjolA FF3 RNAE thi o & RNA blot
hybridizations 339tk 2 Z3 microarraye] Z3}e] +H3+= RNA blot
hybridization 2 3H(Fig. 17)E &0 4 A ° microarray 2347} 755 St}

nx&
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At3g12580 SRS
Hsp70 ARF
At5g02500 K00
HsplB8.2 2
e At4g35100
Rubisco o
At5g35630 At305440
gs2 Hspl17.4
At4g38970 Atdg19200
FBA PRP

Figure 17. Expression of putative CaBIl-1 target genes in wild-type tobacco
and CaBI-1 over-expressing tobacco plants. Total RNAs (20 ug) from wild type
and two transgenic lines were separated by electrophoresis on a
1.2%—-formaldehyde—agarose gel and blotted to a Hybond - N nylon membrane.
The filter was hybridized with ¥ P-labeled oligonucleotide probe under normal
stringent hybridization and washing conditions.

CaBI—1 sense 8 A A3 A 2ol o3 microarray ¥4 A3} 2 small heat shock
proteing®] FAAZF thF dHGo] F7HE Akt olel small heat shock
protein®] ThLdd wE E9 BHAEZ 2EH A YA T AFRE szt
ATE FY3¥UTt. Heat shock proting =, E AFAoA 7= Rt Q)
5 70¢] small heat shock protein®] FHAZE Al&3sl7|2 ZAsH o, o
3] ) (Nicotiana tabacum cv. Wisconsin38)o| A £2] ¥ ¢cDNA FEE 93 7]
o] gl FAAECINUT. 2 F 5Edo] 48 FAA(TLHSI B= NtLHSIS
2 @™; Kim et al., 2004, Plant Science 167, 1017-1025)¢] f7|x g3} 0|25 H W
AE ofn|=4t AL Fig. 187 Zoh. WA E ofm=4l A E-2 small heat shock

protein®] EA A<l Tzl alpha crystalline domain®] conserved region ¥} IIZ 7}

oN
j

i
Ju ool
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A]

2 Qi (Fig. 19).

IG AT AT A C T I G I TAC T CGIGATCGIG I ITGACGAGC TACGCAATCARGT ACCTT
AT T T A T TA ARG A T A TCCGA T T A TC A TCA T T TCAAGTCCC TCOCGTTCAGART Al

A A TG T T T GA T T AAGC T TC T T T GAT GO OCGCAGGAGCAACATCTTOCGAT CCATT
M = L i o P = EF F D = = n = j =) b g F D E F

T T e AAC A T A TG EATCC T TTOCGAGGGC T TCCC T T T CTCOGGCACGGTOCECCARCAT
= L T I W T n=y F E = B b=} = = = iy K -y T I

T AN T A TG T AN N G TG T T T IO GAG TG TCGAA T TGAT IGGEGAA A GAGRT
P = i = = = 14 | o 9 - B 0 = = By B T LD w o E =

ARG A A T A T S T T T T A T GEATC T T T GEAA T TAAGAE R AGAGGAGE T GAAGET
h= E = H W = B W m I iy = 1 & B B T = R B W

A T ARG S A ARG A S T T T AC AR R T T AG TGO GAGAGRAAGCAGAGAGC A RGRGER
E " E E = = T L L : = = = = = B = E E

CARAGhA A GA T AL T e A A AT GEAGAGEGAGCAGCGEANAGT TCC I TAGGAGGE T T TAG
B ™ D B W H = ol = ® = = = B = I ®n ® e ®

GG GEEGAGAA T AT AL A T A AGAGA T TAAGGCAARC TATGEGAGAARTGGGG TGO T CRAC
L By E h p o B b = E I B -8 = M E ho g = R L x

T TrIGAC TG T AN A TGS A AR ARG AN CC T GAGE T GARGGC CAT TGACATC TCTGE
= b 8 R h= = M E I N = B B E N o I b o n I = =

IrTann T AN ARG e GO G IO I I TGO I GATC TACTIGTIACCITICGEGADGT GAT
o

CAG TG IC I TG I I ITCrAGAAG TC I TG I I T T TAGGAGC T T T TAGC TCAARAARARTG LG ECCTITGT

ATCATCATA T T TGA TGO I T IG GGG IG I I T TACATATACAC T ICTACTCTATGAAT GTAG
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Figure 18. Nucleotide sequence and a deduced amino acid sequence of TLHSI.

Amino acid sequence

1s represented in one letter symbols. A putative

termination codon, TAA, is in #**,

NtHSP18.2
HSP18P
M.sativa
P.szativum
D.carota
G.max
O.szativa
F.glancum
H.annus
A.thaliana

M.szativa
P.zativum
D.carcta
G.max
Q.zativa
FP.glancum
H.annus
A.thaliana

Figure 19.

MSLIPSFFDGRRSN-IFDPFSLNIWDPFEGFPFSGTVAN-—————
T R R il R e L it s s R Rttt st T p—
Fh kR AR RGR AR VR Rk Rk A DV Rk ARD# * *NNSALSASFP—
ERRR AT HCH A A A _Jh Rk wkd DV Rk [ KD* ** ¥ NSSPSASFP—

e e TR DD o ok ook
e QT R DD ke ek o
e [k O ok ok o
# kR Tk DDEH # k& &k 4
EEEEE A RN R AR R0
ek e D) R N o ok ok e o
e ek o ok ok o
A DRNT ok & o

consensus

Comparison

AARADARRQR KRR Ex s akk aMrkw ke k kAR KDQUH AR F R E R
NLAE*D % *Taa Qe b s klek ke bk kh s bk r A HTHH*CSh b o
NE*Ehhhh kb aRh o kek e ddkhd ok hm AAVD AT Bdl# ok
NV*E*D &% *T# & RV ATk AFVAQUA*S *
REARAD ARk AR AR H Rk kA ME R R Rk kR ARVDOVH K S H e ww
NE#**khew T*Th# Qo b s ktek ek kwsrkr A *TDOFR*GH & &%
P Y e X ta i L C
HGHNE RS RT * H RV MR AR R TRk *

consensus |

SHVFEVDLPGIEFEE
e e T AN o oo
[Py ok e N

— RN PR TR T ek Ak kR Thwr] worw
_K*ii**w"[‘ﬂ*******gh**iiﬁii** Lk
—— AN H A AT AT ek k ka k Ak kA AR T A hkw

H A VR—————— hhk_Jhk ek EsDLA* A A DSVPRAVVP* TS ————————— DND#**hk ANk h ks e bbb d i h kA Ak hah o b
HHHRR—————— IR _JhEk Rk r kDL AR Ak R Ak Ak ISOSNSCS LFPSFPRTSS*#d a A0k hk hhh ww kA ah kAT hd [ wwdn
AR AR A RTHNOr* _* ks kd SEx e Rk *Qk | *SYIN*L*¥E*S— kR ATHANT ke s e dh kR Ak kR o e
ER AR AR AR E R TR _JE ek k[ ke k ke x* [ TP* L THAP-————————, ARDV*** TH*EV* # Qe s s dhhkk aA R ko ko
VEVEVEEGRVLOISGERSREQEERNDEWHSMERS SGEF LRRFRELPENIRMEEIRATMENGV L TVTVPEMEERRPEVEAIDISG
HE AR AR AR R R R AR A AR AR AR AR AT R AR A Ak kR R A MA R R R A AR AR AR AR R AR A AR A AR R AR AR AR R RS R Ak kR R

EEEERE AR R AR R AT h R R
EEEEREAEAEEAD Rk F Rk
e T ok
Ak EhE A BAT A AD Rk Bk &
R AR ARk Foh R
EEEREARAE AR EGH )RR
EEE R AR R AR Rk
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of the deduced amino sequences of NtLHS-I

(NtHSP18.2) and other small heat-shock proteins. ** represent conserved amino

acids. Hyphen was inserted between the amino acid sequence to not the gaps.

Boxes with solid line represent the conserved domains suggested (Waters, 1995).

Solid underlines indicate the conserved domains proposed. Accession number of
each gene: HSPI&SP, X70688; M. sativa, P27880; P. sativum, P19243; D. carota,
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CYPZTT, G max, P0ATS; O. sativa, T04171; P. glaucum, S72544; H. annus,
S71566; A. thaliana, P13853.

o] small heat shock proteinE <] open reading frame%® oA A}-&3}F P35SE
7}A1 31 ¢)= plant expression vectorol] A3t 1L (Fig. 20), A. tumefaciensE A&
st Hujel AdFol] s FEASE @l MEe A4 M X9 kanamycin
38 MS u) Ao A9l 83} in vitro regeneration, RNA blot 2o 23} target
gened] Y AR gl i ArtgE-E FB5te] T, generation FAe] SHE o}
olF FAE AMEF HAEZR ZEf 2 WA B4 g Ted bldd mgten
Az vpe} o] kgl WMy Ho 7|A ST

BamHI BamHI

RB —{ Pnos [| NPTHI(Kn®) || Tnos || P35S || NtLHS1 || Tnos

—LB

Figure 20. Diagrammatic representation of pBKS1-NtLHSI construct employed
for tobacco and lettuce transformation. NtLHSI, 480 bp Nicotiana tabacum
cytosolic small heat shock protein gene; Pnos, promoter of nopaline synthase
gene;, NPT, neomycin phosphotransferase gene; P35S, 35S promoter of
cauliflower mosaic virus, Tnos, terminator of nopaline synthase gene; KnR,
kanamycin resistance gene; RB, right border sequence of T-DNA; LB, left
border sequence of T-DNA.
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e o
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