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제 장 연구개발과제의 개요1
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50% . ,

(Bray , 2000).

, ,

1990

.

( )耐

(Garg et al., 2002). DNA microarray,

transposon/T-DNA tagging, proteomics approach, bioinformatics

.

.

.

.

,
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.

.
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2

. ,

7000 full length cDNA array

expression profiling DNA chip . DNA

microarray

, transcription factor signal transduction

pathway .

.

transcription

factor .

.

transcription factor signal transduction pathway component

. ,

.

. , transcription factor

(Shinozaki and

Yamaguchi-Shinozaki, 2006).

signal reception signal transduction pathway

response (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).

.

.
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. abscisic acid(ABA)

(Lang et al.,

1994) ABA

.

(Ingram and Bartels, 1996; Shinozaki and Yamaguchi-Shinozaki,

2006).

.

osmoprotectant(sugar, proline, betaine ) pathway①

, (LEA, osmotin,②

chaperone ), (thio protease, Clp③

protease, ubiquitin), ④

(glutathione S-transferase, soluble epoxide hydrolase, catalase,

superoxide dismutase, ascorbate peroxidase ), porin⑤

water channel .

.

(1) :

,

.

, .

, proline, glutamate,

glycine-betaine, carnitine, mannitol, sorbitol, fructan, polyol, trehalose, sucrose,

oligosaccharide

water potential (LeRudulier and Bouillard, 1983; Delauney and

Verma, 1993; Pilson-Smits et al., 1995; Holmstrom and Welin, 1996; Anami et al.,

2009).

(LEA, heat-shock protein )

(Arakawa, et al., 1991; Close, 1996;

Wang et al., 2004).

(ROS)

. ascorbate

peroxidase, catalase, glutathione reductase, superoxide dismutase
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(Galinski, 1993; Yamaguchi-Shinozaki and Shinozaki, 2006).

water channel

protein . Arabidopsis thaliana

, 30 water channel protein

. ,

(Guerrero et al., 1990; Johansson, et al., 1998; Kjellbom, et al., 1999).

water channel protein overexpression

water channel protein (Aharon

et al., 2003).

(2) signal transduction pathway

component: A. thaliana

4 signal transduction pathway : ,

ABA-dependent , ABA-independent

(Shinozaki et al., 1997; Shinozaki et al., 2003).

promoter ,

cis-acting trans-acting element . , ABA-depedent signal

transduction pathway promoter ABRE (ABA-responsive

element, PyACGTGGC) . ABRE transcription

factor basic domain/leucine zipper (bZIP) (Abe et

al., 1997; Immink and Angenent, 2002).

ABA-independent signal transduction pathway 9-bp

DRE (dehydration-response element, TACCGACAT) , EREBP/AP2

DNA-binding domain DREB (Liu et al.,

1998; Shinozaki et al., 2003).

(3) signal transduction pathway component:

signal transduction pathway

. Calmodulin, G-protein, protein kinase, phospholipase C

(Urao, 1994; Frank et al., 2000; Yamaguchi-Shinozaki and Shinozaki, 2006).

signal transduction pathway component

.

(4) Transgenic approach :
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. 35S

cauliflower mosaic virus promoter cis-acting element (DRE, ABRE)

, . ,

transcription factor transcription

factor turn on downstream gene

.

heat-shock protein heat-shock factor

redox

potential

cellular protein

(Rizhsky et al., 2002; Wang et al., 2004).

signal transduction pathway

, signal reception signal transduction pathway

.

.

.

program programmed cell death(PCD)

. PCD ,

. Xylem vessel , aerenchyma , endosperm

PCD (Nagano et al., 2009; Duan et al.,

2010)

PCD . PCD PCD ,

PCD PCD

. condensation,

nuclear DNA fragmentation, caspase

(Lam et al., 2001; Bolduc et al., 2003; Huchelhoven, 2004).

PCD PCD BAX(Koremer, 1997)

, BAX BI-1(BAX inhibitor-1;

Scorrano and Korsmeyer, 2003) PCD

. BAX

BI-1 ,

BI-1 .
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BI-1

(Sanchez et al., 2000), (Duan et al., 2010),

(Lacomme and Cruz, 1999), (Eichman et al., 2010) (Ishikawa

et al., 2010) .

(Bray et al., 2000: Wang et al.,

2007).

(Lane and Jarvis, 2007).

.

PCD

PCD BI-1

(Watanabe and Lam, 2006;

) .

, 1 PCD molecular chaperone

. , BI-1 transgenic transcript

small heat shock protein(sHSP) BI-1

. 1 BI-1

transgneic

. BI-1

transgenic sHSP

. small heat shock protein

.

sHSP -crystalline domain N-α

(MacRae, 2000). N- C- sHSP

sHSP

(Kriehuber et al., 2010). sHSP 12 kD 42 kD

, 9 24 oligomer complex (van Montfort et al.,

2002). sHSP

sHSP ATP- molecular chaperone . , sHSP

heat shock protein

aggregation ATP (van Montfort

et al., 2002). , (clinet protein )

hydrophobic sHSP hydrophobic interaction

sHSP client protein client protein
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. sHSP

sHSP renaturation form

ATP HSP70/DnaK cochaperone renaturation

(Fig. 2).
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sHSP

. ,

, ,

(Basha et al., 2004; Nakamoto and Vigh, 2007).

group sHSP ,

CI, CII, CIII, plastid, endoplasmic reticulum,

mitochondria . , CI, CII CIII cytoplasm

cytoplasm nucleus shuttling

(Waters et al., 2008).
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3

(Capsicum annuum cv. Bu

Gang) BAX inhibitor-1(BI-1) gene (CaBI-1 ).

: 5

90% 42 2℃

poly(A)+RNA cDNA library . cDNA library

one path nucleotide sequencing cDNA 300-500 nucleotide

public database

BI-1 cDNA . BI-1 putative cDNA

(Fig. 3) BI-1

( BI-1 92.8% , BI-1

88.1% , BI-1 81.6% ).
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Figure 3. Sequence analysis of CaBI-1. Nucleotide and deduced amino acid

sequences of CaBI-1. The protein-coding regions are in uppercase letters and the

5- and 3- flanking regions are in lower letters. Putative open reading framé ́

(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 genome BI-1 single copy

(Fig. 4).

α

CaBI-1 ,

CaBI-1

. 5 42 1 , 2 , 3 4℃

CaBI-1 transcript RNA blot .

, 1 CaBI-1 transcript

. CaBI-1 transcript
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. 4

CaBI-1 transcript , 3

CaBI-1 transcript (Fig.

5).

CaBI-1 . 5

paper

towel . CaBI-1 transcript

.

CaBI-1 transcript 8

(Fig. 5).

250mM NaCl CaBI-1 transcript

(Fig. 5). 4℃ CaBI-1

transcript induction (Fig.

5).
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CaCl2, MgCl2, MnCl2, CoCl2 LiCl 100mM

. CaBI-1 transcript

kinetics . Ca Mg

3 . Mn

24 , Co Li 3

6 24

(Fig. 6).

CaBI-1 transcript

. 1 48

72 (Fig. 6).

ABA(100 M) , 3μ CaBI-1 transcript

(Fig. 6).
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CaBI-1 CaBI-1 open reading

frame . CaBI-1 open

reading frame promoter cauliflower mosaic

virus 35S transcript promoter sense antisense plant

binary expression vector (Fig. 7). expression vector

Agrobacterium tumefaciens strain LBA4404 ,

. Binary vector selection

marker kanamycin MS in vitro regeneration

. putatuve transgenic 12 sense(CaBI-1

ORF promoter sense ) antisense(CaBI-1 ORF

promoter antisense ) CaBI-1 transcript

RNA blot . Wild type

CaBI-1 transcript sense

antisene CaBI-1

(Fig. 7)
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CaBI-1

.

48 2 , 7℃

sense wild type empty vector

antisense . , CaBI-1 sense

CaBI-1

. Wild type empty vector

antisense , recovery

standard deviation( ) 1.46mg/g

(0.075mg/g), 1.57mg/g (0.078mg/g) 1.64mg/g (0.067mg/g) , CaBI-1 sense

standard deviation 2.09-2.36mg/g

0.115-0.067mg/g (Fig. 8).

CaBI-1 sense

. recovery

, sense

. Wild type empty vector antisense

, recovery

standard deviation( ) 3.28mg/g (1.151mg/g), 3.58mg/g
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(0.128mg/g) 3.68mg/g (0.167mg/g) , CaBI-1 sense

standard deviation 4.11-5.79mg/g 0.448-0.244mg/g (Fig. 8).

CaBI-1

.

P35S:CaBI-1 .

35
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. CaBI-1

(Fig. 9).

wild type empty vector

standard deviation 1.87g 0.036g 2.09g 0.053g , sense

standard deviation 3.25-5.01g 0.167-0.200g

(Fig. 9). Relative water content P35S:CaBI-1 sense

. Relative water content wild type empty

vector standard deviation 63.04% 0.67%

64.22% 2% , sense line standard deviation

67.62-80.95% 4.00-5.33% (Fig. 9). P35S:CaBI-1

.

(0, 50, 100 200 mM) NaCl

MS .

50mM NaCl empty vector antisense 17%

sense

(Fig. 10B). NaCl 100mM

sense

. NaCl 200mM sense line #2(S-2 line)

sense sense

200mM NaCl . S-2

line 200mM NaCl

(Fig. 10B).
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, CaBI-1

sense line

. , sense line(S-2 line)

sense line 50mM NaCl 23%

100mM NaCl 45%

(Fig. 10C).
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8 4

4 .

, wild type empty vector antisense

2.6-3.1mg/g fresh weight sense

5.2-7.1mg/g fresh weight (Fig. 11).

line 4.03-6.23mg/g fresh weight sense

8.23-12.77mg/g fresh weight (Fig. 11).

CaBI-1

.
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. CaBI-1 sense

16 4 4℃
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5 relative water content .

, line 1.59-2.62g sense line

3.42-4.92g . Relative water content line

63.9-67.2% sense line 71.6-80.1%

(Fig. 12).

. CaBI-1 sense

line empty vector line 5 –
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4 8 1 2 . 5℃ – ℃

. CaBI-1 sense

( 1).

CaBI-1 1

1

. Fig. 13

Fig. 14 .

:

- 6 4

.

- 18 8

.

- 45 1 2 5℃

.

- 4 4 16℃

3 .

- -4 -8 1 2℃ ℃

5 .

- kanamycin MS NaCl 50mM, 100mM

200mM Petri dish agar 21

.

** 2, 3 4

.
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CaBI-1

1 . (Fig. 8-12)

. CaBI-1

,

.

CaBI-1

CaBI-1 expression vector Agrobacterium

tumefaciens in vitro regeneration (Fig. 15).

In vitro regeneration putative transgenic

CaBI-1 transcript

RNA blot . , 90%

CaBI-1 transcript

(Fig. 16).

스트레스

요인
처리 조건

대조구 비

생체량 증가율(%)
비고

침수 일간6 4.5 + 0.9 침수 처리 후 일간 배양실에서 배양, 4

건조
일간 물주18

기 중단
5.1 + 2.2 건조 처리 후 일간 배양실에서 배양, 8

고온
시간45 , 1℃ 4.9 + 1.3

고온 처리 후 일간 배양실에 배양, 5
시간45 , 2℃ 8.6 + 7.4

저온 일간4 , 4℃ 8.4 + 2.9 저온 처리 후 일간 배양실에서 배양, 3

고염도 일간21 -0.6 + 1.8 에 따른 차이가 미미하여50, 100, 200mM
함께 계산하였음.

동해

시간-4 , 1℃ 3.2 + 1.4 동해 처리 후 일간 배양실에서 배양, 5

시간-4 , 2℃ 3.8 + 1.7 동해 처리 후 일간 배양실에서 배양, 5

시간-8 , 1℃ 2.1 + 1.3 동해 처리 후 일간 배양실에서 배양, 5

시간-8 , 2℃ -5.6 + 2.1 동해 처리 후 일간 배양실에서 배양, 5
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CaBI-1 CaBI-1

CaBI-1

CaBI-1 sense

transcript . , CaBI-1

CaBI-1 transcriptome .

gene chip 27K gene chip(ATH1

genome array) , CaBI-1 sense

line 2 (S-2 S-14) poly(A)+RNA empty vector

line 1 poly(A)+RNA . line

2 probe Cy3 Cy5

. 1.6 4

CaBI-1 . 73

P35S:CaBI-1

( 3).

73 7

. 15

(García-Gómez et al., 2000; Ueda et al., 2007; Larkindale

and Vierling, 2008). small heat shock protein ,

P35S:CaBI-1 5

.

P35S:CaBI-1

. proline-rich protein



- 37 -

(He et al., 2002; Battaglia et al. 2007),

plasma membrane intrinsic protein (PIP) (Guo et al. 2006),

3. P35S-CaBI-1 (transcript )

microarray .

AGI codea Gene Descriptionb AffymetrixIDc Fold changedP-Value

Stress related Protein

At3g12580 heat shock protein 70 256245_at 2.7705 9.57E-01

At5g02500 heat  shock protein 18.2 250995_at 16.774 2.15E-02

At3g09440 heat shock protein 17.4 258979_at 5.5215
7.50E-01

At4g35100 plasma membrane intrinsic protein (simip) 266533_s_at 4.667 9.64E-01

At4g19200 proline-rich family protein 254559_at 2.992 1.66E-01

At5g61150 leo1-like family protein 247565_at 2.1255 5.59E-03

At5g35630 glutamine synthetase (gs2) 249710_at 22.032 4.93E-01

At4g09320 nucleoside diphosphatekinase 1 (ndk1) 255089_at 2.15 4.58E-01

At3g47650 bundle-sheath defective protein 2 family (bsd2) 252409_at 3.0465 7.65E-01

At5g38350 disease resistance protein (nbs-lrr class) 249562_at 1.6685 1.84E-01

At4g14960 tubulin alpha-6 chain (tua6) 245270_at 4.401 1.12E-01

At4g38970 fructose-bisphosphatealdolase 252929_at 11.1215 3.75E-01

At3g18780 actin 2 (act2) 257749_at 5.7135 2.55E-01

At1g50010 tubulin alpha-2 chain (tua2) 261639_at 6.3645 4.58E-01

At5g08290
yellow-leaf-specific protein 8 (yls8) / mitosis
protein dim1

246006_at 3.0115
2.99E-01

At5g17170 rubredoxin family protein 250073_at 13.343 1.51E-01

At1g54500 rubredoxin family protein 262954_at 6.789 8.51E-01

Metabolism

At5g38430 ribulosebisphosphatecarboxylase small chain 1b 264474_s_at 10.952 1.61E-02

At3g63440
fad-binding domain-containing protein / cytokinin
oxidase family protein

251178_at 2.4595
4.55E-01

At4g13940
adenosylhomocysteinase /
s-adenosyl-l-homocysteine hydrolase / adohcyase
(sahh)

245356_at 3.005
2.96E-01

At4g33080 protein kinase 253359_at 1.6975 4.78E-01
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At5g10170
inositol-3-phosphate synthase/
myo-inositol-1-phosphate synthase/ mi-1-p synthase

250471_at 4.124
4.06E-01

AGI codea Gene Descriptionb AffymetrixIDc Fold changedP-Value

Transcription factor

At5g39690 no apical meristem (nam) protein-related 249463_s_at 1.939 1.61E-01

At5g37800 basic helix-loop-helix (bhlh) family protein 2.48 1.49E-01

At5g22260 male sterility 1 protein 1.9715 2.05E-01

At2g37470 histone h2b 265960_at 3.177 8.34E-01

At3g27360 histone h3 257714_at 5.215 4.19E-01

At5g10400 histone h3 250433_at 3.104 3.45E-01

Signal transduction

At5g65430 14-3-3 protein gf14 kappa (grf8) 247188_at 3.1775 7.11E-01

At5g45810 cbl-interacting protein kinase 19 (cipk19) 248909_at 3.8725 1.14E-01

At5g63870 serine/threonine protein phosphatase (pp7) 247306_at 10.3505 3.83E-01

At1g70490 adp-ribosylation factor 260305_at 16.2095 2.50E-02

Protein fate (folding, modification, destination)

At1g16890 ubiquitin-conjugating enzyme 264303_s_at 1.946 4.38E-01

At5g58590 ran-binding protein 1(ranbp1) 247771_at 1.816 1.82E-01

At2g36170
ubiquitin extension protein 2 (ubq2) / 60s
ribosomal protein l40 (rpl40a)

263289_at 4.7775
4.17E-01

At1g29070 ribosomal protein l34 family protein 260898_at 3.903 6.44E-01

At3g52590
ubiquitin extension protein 1 (ubq1) / 60s
ribosomal protein l40 (rpl40b)

252056_at 3.7
4.16E-01

At1g09070 c2 domain-containing protein / src2-like protein 264655_at 2.2945 5.93E-03

At4g05050 polyubiquitin (ubq11)

AFFX-Athal-Ubq
_5_f_at

255257_at

19.22
4.44E-01

At1g31340 ubiquitin family protein 1.949 5.21E-01
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AGI codea Gene Descriptionb AffymetrixIDc Fold changedP-Value

Energy

At1g61520
chlorophyll a-b binding protein / lhci type iii
(lhca3.1)

265033_at 18.4685
4.54E-01

At1g31330
photosystem i reaction center subunit iii family
protein

262557_at 4.084
2.65E-01

At3g56940 dicarboxylate diiron protein (crd1) 251664_at 4.0525 3.22E-01

At4g28660
photosystem ii reaction centre w (psbw) family
protein

253790_at 2.283
5.24E-01

At3g54890
chlorophyll a-b binding protein / lhci type i (cab)
i

251814_at 4.6965 9.87E-01

At1g29910
chlorophyll a-b binding protein 2/ lhcii type i
cab-2 / cab-140 (cab2a)

255997_s_at 7.7275
6.79E-01

At3g58510 dead box rna helicase/ putative (rh11) 251534_at 2.258 6.99E-01

At2g20260
photosystem i reaction center subunit iv/
chloroplast/ psi-e/ (psae2)

265287_at 9.836
7.33E-01

Protein synthesis

At2g20450 60s ribosomal protein l14 (rpl14a) 263372_at 6.2775 8.41E-01

At4g31985 60s ribosomal protein l39 (rpl39c) 253482_at 5.0165 4.30E-01

At3g53740 60s ribosomal protein l36 (rpl36b) 251926_at 2.524 9.03E-02

At3g53890 40s ribosomal protein s21 (rps21b) 251921_at 8.838 9.85E-01

At3g53740 60s ribosomal protein l36 (rpl36b) 251926_at 3.3935 3.04E-01

At3g47370 40s ribosomal protein s20 (rps20b) 252413_at 7.2755 8.08E-01

At4g36130 60s ribosomal protein l8 (rpl8c) 265805_s_at 2.4535 8.41E-01

At1g04480 60s ribosomal protein l23 (rpl23a) 263665_at 6.4615 8.07E-01

At3g05560 60s ribosomal protein l22-2 (rpl22b) 259112_at 4.7395 7.04E-01

At3g08520 60s ribosomal protein l41 (rpl41d) 256438_s_at 2.3335 2.15E-01

At2g40205 60s ribosomal protein l41 (rpl41c) 256438_s_at 2.8045 3.31E-01

At2g36160 40s ribosomal protein s14 (rps14a) 263286_at 2.845 1.98E-01

At5g18380 40s ribosomal protein s16 (rps16c) 263821_s_at 3.783 9.33E-01
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aArabidopsis gene index number.
bAccordingtotheArabidopsisinformationresource.

cIdentification number of Affymetrix Arabidopsis Gene Chip (ATH1). Genome Mapping Date: 5/29/2008,
TAIR8 release.
dFold change indicates the average of results from four arrays.
Highlighted genes were confirmed by specific oligomer northern.

glutamin synthetase (GS2), nucleoside diphosphate kinase 1 (ndk1),

tubulin alpha-6 chain (tua6) tubulin alpha-2/alpha-4 chain (tua2) (Hoshida et al.,

2000; Huo et al., 2004; Verslues et al., 2007) CaBI-1

.

AGI codea Gene Descriptionb AffymetrixIDcFold changedP-Value

Unclassified protein

At1g78915 expressed protein 3.684 6.42E-01

At5g54440 expressed protein 248158_at 1.973 1.87E-01

At1g65295 expressed protein 264164_at 3.7205 8.50E-01

At4g28100 expressed protein 253856_at 1.771 1.82E-01

At4g10220 hypothetical protein ib1c3-1 protein 255804_at 1.962 1.27E-01

At4g00950 expressed protein 255652_at 1.7895 1.08E-01

At3g46480 oxidoreductase/ 2og-fe(ii) oxygenase family protein 252526_at 1.86
2.20E-01

At4g21850
methionine sulfoxide reductase domain-containing
protein / seir domain-containing protein

254387_at 4.2195
7.45E-01

At3g11560 expressed protein 259292_at 5.2525 5.38E-01

At1g08380 expressed protein 261746_at 5.115 9.61E-01

At5g35753 expressed protein 5.218 4.15E-01

At1g64150 expressed protein 262342_at 33.032 1.75E-02
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γ

CaBI-1 sense microarray small heat shock

protein . small heat shock

protein

. Heat shock protin ,

small heat shock protein ,

(Nicotiana tabacum cv. Wisconsin38) cDNA

. (TLHS1 NtLHS1

; Kim et al., 2004, Plant Science 167, 1017-1025)

Fig. 18 . small heat shock

protein alpha crystalline domain conserved region I II
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(Fig. 19).
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small heat shock protein open reading frame P35S

plant expression vector (Fig. 20), A. tumefaciens

. kanamycin

MS in vitro regeneration, RNA blot target

gene T2 generation

.
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에 따른50, 100, 200mM
차이가 미미하여 함께

계산하였음.
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수치는 한 번의 측정에 개체를 사용하였으며 모두 세 번의 측정을 한 후 평균치와* 8 ,
을 계산한 것임standard deviation .

스트레스

요인
처리 조건

대조구 비

생체량 증가율(%)
비고

침수 일간4 10.0 + 1.7 침수 처리 후 배양실에서 일간, 5
배양

건조
일간 물주기7

중단
10.4 + 1.9 건조 처리 후 물 주고 배양실에서,

일간 배양4

고온
시간45 , 1℃ -0.1 + 2.7 고온 처리 후 배양실에서 일간, 4

배양시간45 , 2℃ 17.1 + 2.2

저온 일간4 , 4℃ 10.7 + 2.4 저온 처리 후 배양실에서 일간, 2
배양
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수치는 한번의 측정에 개체를 사용하였으며 모두 세 번의 측정을 한 후 평균치와* 8 ,
을 계산한 것임standard deviation .

고염도 일간14 4.2 + 0.4
차이가 미미하여50, 100, 200mM

데이터 같이 처리되었음.

동해

시간-4 , 1℃ 5.2 + 1.8
동해 처리 후 배양실에서 일간, 4

배양

시간-4 , 2℃ 11.2 + 4.3
동해 처리 후 배양실에서 일간, 4

배양

시간-8 , 1℃ 24.1 + 6.5
동해 처리 후 배양실에서 일간, 4

배양

시간-8 , 2℃ 28.2 + 5.8
동해 처리 후 배양실에서 일간, 4

배양
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