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SUMMARY

This project, " Mass production of high-productive garlic by introduction of
HSP related genes" consists of a main subject and a joint subject. The former
is on the molecular modification of thermotolerant genes for regulation of the
gene expression. The latter is on the establishment of an efficient
transformation method for garlic. The results obtained are summerized as

follows :

1) Results on the molecular modification of thermotolerant genes for

regulation of gene expression

Cloning and characterization of HSP and HSF genes

A rice genomic clone, OsHSP17.9, encoding the cytoplasm-localized Imw
HSP was isolated. The determined sequence of OsHSP17.9 was 3,147 bp and
had only one uninterrupted open reading frame (ORF) of 493 bp. The ORF
encodes a polypeptide of 161 amino acid residues with a predicted molecular
weight of 17.9 kDa. Southern blot analysis suggested that there were at least
three copies for the cytoplasmic class | Imw HSPs in rice plants. Transcripts
of OsHSP17.9 were not detected at 28 , but were accumulated at temperatures
of 38 and higher. The level of transcripts was the highest at 42 but
slightly decreases at 45

A rice cDNA clone, OsHSP26 encoding the chloroplast- localized Imw HSP
was also isolated. The OsHSP26 cDNA is 1,026 bp long and it has only one
uninterrupted ORF of 720 bp which encodes a polypeptide of 239 amino acid

residues with a predicted molecular weight of 26.6 kDa. Southern blot analysis
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indicates that the OsHSP26 gene was encoded by a single gene in the rice
genome. The OsHSP26 gene was expressed following heat stress: the
transcript level was the highest when rice leaves were treated at high
temperatures for 2 h of 42 , and the transcripts became detectable after 20
min treatment and reached the maximum level after 2 h treatment.

A Chinese cabbage cDNA clone, BcHSP17.4, encoding the cytoplasm-
localized Imw HSP was isolated. The BcHSP17.4 cDNA is 732 bp long and it
has only one uninterrupted ORF of 474 bp which encodes a polypeptide of 157
amino acid residues with predicted molecular weight of 17.4 kDa.

A rice cDNA clone, OsHSF 13, encoding the heat shock factor was isolated.
The OsHSF13 cDNA is 1,377 bp long and has only one uninterrupted ORF of
1,062 bp which encodes a polypeptide of 353 amino acid residues. Southern blot
analysis suggested that there were at least two copies for the HSF in rice
plants. The OsHSP26 gene was expressed at normal temperature of 28 , and

was increased at temperatures of 38 and higher.

Acquisition of thermotolerance by HSP overproduction

To investigate the function of the Imw HSP, we have developed transgenic
tobacco plants that show constitutive expression of the Imw HSP (OsHSP17.9,
OsHSP26 or BcHSP174, respectively). Effects of constitutive expression of the
introduced gene of thermotolerance were proved by the chlorophyll fluorescence.
After 5 min incubation of leaf discs at high temperature regimes, an increase in
the Fo level and a decrease in the Fv level indicating the separation of LHCII
from PSII and inactivation of electron transport reactions in PSIl, were
mitigated by constitutive expression of Imw HSP. When tobacco plantlets

grown in Petri dishes were incubated at 52 for 45 min and subsequently

- 20 -



incubated at 25 , non-transformants were gradually became white and all of
them died while more than 80% of transformants remained green and survived.
T his result suggests that the Imw HSP functions in protecting the plant during

heat stress.

Promoter assay of OsHSP17.9

To investigate the promoter sequences that regulate the high-temperature
specific expression of HSP gene, chimeric genes consisting of different sizes of
OsHSP179 promoters and the coding region of the reporter GUS gene were
constructed. Construct containing -579 bp sequences from translation start
site, construct containing -360 bp, construct containing -237 bp, and
construct containing - 108 bp have been prepared. We have also made both
construct which is removed all the promoter sequences as a negative control
and construct 35S containing CaMV 35S promoter sequences as a positive
control. They were treated with PEG for tobacco BY-2 protoplasts, and their
promoter activity was examined by measuring the GUS activity. The GUS
activity showed a maximum in construct | and the activity was 11.3 times
higher than construct VI having 35S promoter. Deletion clones with less
promoter sequences resulted in the decreased GUS activity.

All constructs are also transformed into tobacco (Nicotiana tabacum) and
their promoter activity were examined by Northern blot analysis and
chemilluminescence assay. Northern blot analysis showed that the GUS was
induced at 30 for 6 h in only construct | with slightly higher level than that
of construct VI with 35S promoter. The transcript level was the highest in
construct | when heat treated at 42 for 1 h, and the level of construct Il was

also higher than construct VI at the same treatment.
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Chemilluminescence assay showed the same results as the northern blot
analysis. The GUS activity was detected with background level under treatment
at 25 in all constructs except for the construct VI with 35S promoter. The
activity was increased about 2 times higher than that of construct VI at 30
for 6 h in construct I. Moreover, the maximum activity was detected in
construct | under the heat treatment at 42 for 2 h and the activity was 21
times higher than construct VI. And the activity of construct Il was also

higher than that of construct VI with about 8 times at same treatment.

Transformation of promoter-HSP/HSF constructs and acquisition of

thermotolerance

Because the construct | having the -579 bp sequences from transcription
start site of OsHSP17.9 promoter showed the highest transcriptional activity
under heat stress in our previous work, we concluded that the -579 bp
sequences were indispensible for full promoter activity in heat stress inducible
expression. We constructed plG579- HSP  vectors (pBI579- HSP17.4,
plG579- HSP17.9, plG579- HSP26, and plG579- HSF13, respectively) to obtain the
thermotolerance of transgenic plants.

To examine the thermo-inducible expression of introduced genes in
transformed plants, a northern blot analysis was performed after heat treatment
with 25 |, 30 , and 42 for 1-6 h, respectively. The transcripts of introduced
genes were not detected at 25 for 6 h. However, the accumulation of the
transcripts was initiated at 30 for 6 h and increased significantly at 42 for
1 h.

To identify the acquisition of thermotolerance by heat inducible expression

of HSP or HSF with control of the -579 bp promoter of OsHSP17.9, tobacco

- 22 -



plantlets were treated at 52 for 45 min. More than 30-50% of transformants
survived whereas non-transformants dried out at the same treatment. The
relatively low survival rate of 30-50% was because that transformants analysed

were not homozygous lines but heterozygous ones of T1 plants.

2) Results on Establishment of a efficient transformation method for

garlic

Garlic has been multiplied vegetatively because of its sexual sterility;
consequently, viral diseases are a very serious problem.

Meristem- tip culture is proved to be useful for eliminating viruses from
infected plantlets. Although meristemming could be a solution for the yield
enhancement, the technology has not been widely applied in the industry due to
low multiplication rate of garlic. Various in vitro techniques have been studied
to device a way to multiply the propagator, but none has been adopted as a
practical solution.

In 1980s, there were several reports on fertile garlic clones, and breeding
possibility by sexual crosses between them was postulated. But cross- breeding
of garlic requires a long period of careful breeding manipulations. Furthermore,
the diversity of garlic germplasm for cross-breeding is known to be quite
narrow. Genetic transformation, amid being tested in many seed- and
vegetatively propagated crops, has received much attention as an important
alternative for improving garlic varieties.

In this report we have tried to establish a efficient transformation method
for garlic to introduce useful foreign genes, heat- or herbicide-tolerant genes.
A reporter gene, [ -glucuronase (GUS) and/or selectable marker

herbicide- tolerant gene, were chosen to test the protocol.
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Callus was induced from explants of either apical meristems and foliage
leaves of garlic on LS medium containing 2.0 mg/l 2,4-D and 2.0 mg/l BA, and
plant regeneration was carried out. Callus formation was effective in the
explants of the first leaf segment, 1- 2 cm distance from the basal plate, at the
sprouts grow 1-2 cm in size.

For the transformation, we used calli derived from meristems and foliage
leaves. T he calli howed very low transformation frequency in selection medium,
thus immature scapes were tried for the transformation. The immature scapes
were regenerated on MS medium containing 1.0 mg/l NAA and 1.0 mg/l BA,
and 6% sucrose.

The immature scape, inside which the floral organs and bulbils are
positioned, were transformed using particle-bombardment or Agrobacterium-
mediated methods. The explants were bombarded with tungsten particle coated
with pCAMBIA3301 in various condition of He gas pressure and vacuum
chamber size. Agrobacterium- mediated method showed more effective
transformation frequency than particle- bombardment.

After preculture for 2 days, the explants inoculated with bacterial liquid
suspension (OD=0.4) and cocultivated for 4 days showed the highest frequency
of shoot regeneration on selection medium. Inoculation of Agrobacterium
EHA101 on cocutivation medium supplemented with 50 uM acetosyringone at
pH 5.2 was the most effective in transformation frequency.

After 2-3 months, regenerated shoots were observed on selection medium in
both methods. Putative transformants from independent transformation events
were selected and regenerated after 2 to 3 months on medium containing
kanamaycin and PPT. Among these shoots, GUS activity was observed and
gene insert was confirmed by PCR analysis with specific primer for bar gene.

We are in the process of multiplying plantlets obtained from the study.
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element (HSE) promoter deleted clones ,

marker GUS transient assay
Northern blot GUS
promoter
, HSP promoter promoter
sequence HSP BcHSP174, OsHSP17.9 OsH SP 26
HSF OsHSF 13

vector, pBI579- HSP17.4, plG579- HSP17.9, plG579- HSP26 plG579- HSF13

constructs

, HSP HSF ,
HSP HSF

2
1.

(Oryza sativa L cv. Milyang 23 & Nakdong)

(Nicotiana tabacum L. cv. Samsun) 12,000 lux, 70%, 25-2
8 /16 20-22 /8 growth chamber

. Transient assay BY-2 (Nicotiana tabacum L. cv. Bright
Yellow 2) 7 200 /¢ KHZPO4 1.0 /¢ thiamin,
100 /¢ myo-inositol, 0.2 /¢ 24-D 3% sucrose MS (pH
5.8) 26 7 (130 rpm)
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2. Vector

vector . Plasmid
subcloning E. coli IM109 DHb5a
genomic DNA library vector A BlueSTAR BamHI arm DNA
(Novagen) , CDNA library vector A Uni- ZAP
XR vector (STRATAGENE, U.S.A) . Phage DNA plasmid
in vivo excision E. coli XL1-blue MRF' BM 25.8
. PCR subcloning pGEM-T easy vector
, binary vector plG121- Hm, pBI101 pBl1221 ,

Agrobacterium tumefaciens LBA 4404 EHA 101
DNA subcloning  DNA
pBluescript SK+ vector

3. Plasmid DNA

Plasmid DNA  alkaline lysis (Birnboim  Dolly, 1979)

, solution .2
volume  solution 1.5 volume solution
, 5 . 15,000 rpm 15

, phenol/chloroform/isoamylalcohol (phe/chl/iso; 25:24:1; v/v/v)
. 2 volume ethanol -80 15

DNA pellet . 70% ethanol ,

4. Genomic DNA
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, 3-4 cetyltrimetyl ammonium bromide (CTAB)

Murray  Thompson (1980) genomic DNA

5 g , 5 2x CTAB

buffer (2% CTAB; 01 M Tris, pH 80; 1.4 M NaCl; 1% PVP) , 95
10 . Chloroform/ isoamylalcohol (chl/iso; 24:1; v/v)

30 , 3,000 rpm 15
chl/iso 1/10 volume
10x CT AB buffer (10% CTAB; 0.7 M NaCl) 1 volume buffer
(1% CTAB; 50 mM Tris-HCI, pH 8.0; 10 mM EDTA) . 30

3,000 rpm 15 1M NaCI-TE

buffer (1 M NaCl; 10 mM Tris-HCI, pH 80; 1 mM EDTA) ,

isopropanol . 3,000 rpm 15
70% ethanol 2 , TE buffer (10 mM Tris- HCI, pH
8.0; 25 mM EDTA) RNase A
5. Total RNA
total RNA guanidine thiocyanate (GTC)
1 g , 4

GTC extraction buffer (42 M GTC; 05% N-Laurylsarcosyl; 25 mM

Na- citrate; 0.1% antiform A emulsion) 50 B - mercaptoethanol 400
3 M Na- acetate (pH 5.2) . 15,000 rpm 5
, phe/chl/iso 5
2 volume ethanol , 15,000 rpm, 4
20 . 1 , 250 10
M LiCl , 30 . 15,000 rpm, 4 15

70% ethanol 2 ,
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DEPC

6.
lg , 1
buffer (50 mM NaHZzPO4 pH 7.0; 10 mM EDTA; 0.1% Triton X- 100;
0.1% sarkosyl; 10mM 3 - mercaptoethanol) .4 15,000 rpm
10 , -20
standard protein BSA Bradford (1976) , 595
7. DNA
DNA , volume  10- 20
1
, phenol
ethanol DNA ,
0.8-12% agarose gel TBE buffer (89 mM

Tris- borate; 2 mM EDTA) , running buffer
ethidium  bromide 0.5 / , UV
transilluminator

Gel DNA , DNA band

Elu- Quik kit (Schleicher & Schuell, USA) ,

protocol

DNA ligation vector insert DNA molar ratio 1:2-3 T4
DNA ligase , sticky end 16 ,
blunt end 22 12
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DNA DNA

protocol

modifying enzyme

8.
competent cell
single colony 3 LB , 37 8
400 40 LB , 3
7 AeC 04 10 ,
3,000 rpm, 4 5 . 20 ice- cold 50
mM CaCl2 30 ,
4 stock buffer (50 mM CaClz 15% glycerol)
Eppendorf tube 100 -8
0
DNA sample ( 100- 200 ng)  50- 100 competent cell
, 30 .42 90 ,
5 .1 LB 37 1
, 50- 100 LB agar plate
37 colony

9. Southern blot

Genomic DNA

- 42 -

, 0.8% agarose gel



. Gel DNA nylon membrane transfer vacuum

transfer blotting paper  membrane , gel
gel depurination (0.25 M HCI)
10 , transfer (0.4 NaOH, 06 M NacCl) 30 ,
membrane 2x SSC (0.3 M NaCl, 30 mM sodium citrate) 1
UV - crosslinker (UVP CL- 1000, USA) fixation
Probe DNA Multiprime Labelling kit (Amersham, RPN1601)
.10 (25 ng) template DNA 5 , 5
.5 5x labelling buffer, 2.5 random primer/BSA , 265 nuclease- free
water, 1 Klenow enzyme 5 a-%ZP dCTP 37 30
. Hybridization membrane 10- 15 probe DNA 5
Membrane  high stringency hybridization (50% formamide; 5x SSC; 5x

Denhardt's solution; 50 mM Na- phosphate, pH 6.5, 0.1% SDS; 100 /
denatured salmon sperm DNA) low stringency hybridization (20%

formamide; 5x SSC; 5x Denhardt's solution; 0.1% SDS; 100 / denatured

salmon sperm DNA) 9 , 3 50% dextran sulfate
42 3 prehybridization . o -%P
probe DNA 42 18 hybridization ,
membrane 42 2x SSC-0.1% SDS 20 0.1x SSC-0.1% SDS
1 , intensifying screen -80 X-ray film

10. Northern blot

Northern blot Thomas (1983) ,

2% Absolve NEF-971 solution (Daichi chem, Japan)
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RNase . 15 total RNA 5

, 15 RNA sample buffer 1 Et-Br (1
/) . 65 15 , 1.2% formaldehyde agarose
gel 40 V, 4 . Gel 10x SSC 20
Funapad (Funakoshi, Japan) capillary transfer gel
RNA  membrane transfer
Membrane UV - crosslinker fixation 2x SSC 5 ,
high  stringency , Southern  blot
hybridization . Hybridization probe probe
PCR
11. PCR
PCR Taq DNA polymerase reaction buffer (50 mM KCI; 10 mM

Tris-HCI, pH 9.0; 1.5 mM MgCIz 0.01% gelatin; 0.1% Triton X-100) 0.2 mM

dNTP mix, 100 pmol sense antisese primers, 100 ng template DNA

2 units Tag DNA polymerase (T akara) , 50
mineral oil . Personal Cycler
(Biometra, Germany) 30- 35 cycle . 1 cycle denaturation 9

4 1 , annealing 50- 63 1 extension 72 1

PCR primers Table 2-1

12. GUS assay

. Fluorometric assay
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Table 2-1. PCR primers used in this study

Primer

Sequence

26Ps
26Pas

H SFPs
H SFPas
35S-s2
17.4as-1
17.4as-2
17.9as-3
26as-1
26as-2
35S-s1
35S-as
-579s1
-360s1
-237s1
-108s1
H SPPas
17.9as-2
HSF-as
GUS-s
GUS-asl

GU S-as2
NPT s
NPT as

CAGATGCTGGACACGATGGA - 3
CACGCCGTTCTTGAGCTCG - 3
CCGTTCCTGAGCAAGACG - 3
GTTGTTGAATTGTCGCAC - 3
CCCACCCACGAGGAGCATC - 3
CACTTCTTCCTTTTTCAGCC - 3
TTAGCCGGAGATGTCAATAG - 3
AGAAGGGGTCGAACACGTTG - 3
TCCTGGTTGACGTGGACATC - 3
CCTCCTTGTCGTCCTCCATG - 3
TTCAACAAAGGGTAATATCCGG - 3
CGAAGGATAGTGGGATTGTGC - 3
CGGAGCCCATTTGTGTAAGC - 3
CTACACAGCGGTTAAGTCAG - 3
TCGAGTGGATCCAGGAATAG - 3
AAGAAGCCAGCGATCGAAAG - 3
AGAGGTCTAGAGAGAAGGGG - 3
GGGGATCCCTAGCCGGAGAT - 3
CTTCCTCATCTGGCTGAGCTC - 3
AACTGTGGAATTGATCAGCG - 3
AAAGACTTCGCGCTGATACC - 3

CATAGAGATAACCTTCACCC - 3
GAGGCTATTCGGCTATGACTG - 3
ATCGGGAGCGGCGATACCGTA - 3
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100 50 20 MM 4-MUG (4- methyl

umbelliferyl glucuronide) , extraction buffer 1
fill-up , 37 . 1 2 400
800 stop solution (0.2M  NazCO?) . sample
spectrofluorophotometer (RF-5301 PC, SHIMADZU) 365/455 nm
B - glucuronidase (GUS) 4- MU (4- methyl- umbelliferone)
fluoroscence . Blank
, background

. Standard curve extraction buffer 4-MU 1 uM 1

nM

. Chemiluminescence assay

Chemiluminescence assay GUS-Light kit (TROPIX, PE
Biosystems) TD-20/20 Luminometer (DLReady)

180 GUS reaction buffer [Glucuron substrate GUS

reaction buffer diluent (0.1 M sodium phosphate, pH 7.0, 10 mM EDTA) 100

] , extraction buffer 200 fill- up
20 . 300 light emission accelator
3 , TD-20/20 Luminometer , 3
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1. OsHSP17.9

. Genomic DNA library

genomic DNA library , A BlueSTAR arm DNA

(Novagen, USA) in vitro packaging module (Stratagene, USA)

, 4 (Oryza sativa L. cv Milyang23) cetyltrimethyl
ammonium bromide (CTAB) Murray  Thompson (1980)
Genomic DNA . genomic DNA Sau3Al
, 10-40% (w/v) sucrose (28,000 rpm, 22
hrs, 20 ). 9-23 kb DNA , Klenow DNA polymerase
dCTP dTTP (GATC) partial fill-in vector arm
Xhol half site (CT) , T4 DNA ligase A
BlueSTAR arm DNA  ligation . phage DNA
phage in vitro packaging , E.
coli ER1647 library  titer , 8.51x 105 plaque
forming unit (pfu)/ . vector, A
blueSTAR insert size 9-23 kb 16 kb ,
1.36x% 107 kb genome size 4.3 x 105 kb  31.6
, genomic DNA library genome
phage ,
library E. coli ER1647
, Screening . library  titer  1.85x 101¢/
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. Genomic DNA library HSP genomic clone

HSP genomic clone [a -%P] dCTP labelling HSP
174 cDNA  probe standard plaque hybridization method (Sambrook
, 1989)  screening . E. coli ER1647
150 plate 50,000 plaque , 37
plaque . Plaque 0.5-1 mm plate 4
2 , Hybond- N+ nylon membrane (Amersham, USA) 1
, plate membrane . Membrane alkali
(0.5 M NaOH; 145 M NaCl) 7 ,

(1.5 M NaCl; 05 M Tris-HCI, pH 7.2, 1 mM EDTA)

5 . Membrane 2x SSC (0.3M NaCl; 30mM sodium
citrate) 1 , UV crosslinker (UVPCL- 1000, USA)
fixation . Hybridization bottle membrane 9 hybridization

(50% formamide; 5% SSC; 5x Denhardt's solution; 50 mM Na- phosphate, pH6.5;

0.1% SDS; 100 / salmon sperm DNA) 3 50% dextran sulfate (Wahl
et al., 1979) 42 3 prehybridization
genomic DNA library HSP probe template
HSP 17.4 cDNA ( , 1996) , Rediprime random
primer labelling kit (Amersham, USA) . Prehybridization
hybridization bottle [a - &ZP] labelling probe DNA 4
2 18 hybridization . Membrane 1x SSC, 0.5% SDS
42 3 intensifying screen
— 80 X-ray film  expose . , 1 screening 18
positive clone , positive clone phage 100
, 1 screening 2 screening 18 clone
(Fig. 1- 1).



Fig. 1- 1. Screening of rice genomic DNA library probed with [a - ZP]
dCTP labeled BcH SP17.4 cDNA.

A. Autoradiogram after first screening.
B. Autoradiograms after second screening.

Arrow indicates positive signals.
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. Plasmid pBlueST AR in vivo excision

Screening 18 phage clone E. coli BM25.8
plasmid  pBlueST AR in vivo excision . Plasmid
DNA Xhol BamHI agarose gel
, 18 clones 2-2 6
clones , 10 20 kb insert DNA
6 clone pBST-HSP 1 6 . In vivo
excision  clones , E. coli DH5a
clone insert DNA HSP
insert DNA Southern blot
2-3 Southern blot autoradiogram

pBST-HSP 1 6
clones 6 clones 3 type

. 6 clones insert size pBST-HSP2 10.15 kb, pBST-HSP4

10.75kb, pBST-HSP6 9.35 kb pBST- HSP1, pBST-HSP3
pBST-HSP5 % pBST - HSP6 clone
clones Southern blot signal
, HSP
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M1 2 3 4 5 6

Fig. 2- 2. Agarose gel electrophoresis of in vivo excised positive clones.

M : DNA digested with Hindlll, Size marker.
Lane 1-6 : In vivo excised pBST-HSP 1-6 were digested with BamHI.
Arrowhead indicates vectors and other bands are inserts.
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pBST-HSP6 (Fig. 2-3) DNA

pBST - HSP6 BamHI 24 kb
Sac 115 kb 1.05 kb pBluescript SK+ vector
subcloning , Southern blot

(Fig. 2-4). pBST-HSP6 24 kb, 1.15 kb 1.05 kb
pBS2.4, pBS1.15  pBS1.05

, Exo
nuclease = Mung bean nuclease nested- deletion (Fig. 2-5),
Sanger (1977)  dideoxy chain termination DNA
. Plasmid DNA Wizard plus Minipreps DNA Purification System
(Promega, USA) , ALFexpress AutoRead Sequencing kit

(Pharmacia, USA) ALFexpress DNA Sequencing System (Pharmacia, USA)
DNA

. pBST- HSP6

pBST - HSP6 BLAST DNASIS software
program (Hitachi, Japan)
pBST-HSP6 DNA 3,147 bp

1,021 bp 5 wupstream region, 483 bp  full-length

cDNA coding region 1,643 bp 3 downstream region (Fig.
2- 6). 1,022 codon ATG 1,505 stop codon
TGA 161 ORF (open reading
frame) , ORF polyadenylation
signal (AATAAA) . coding region intron
, polypeptide
17.925 kDa ORF OsHSP179
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I. pBST-HSP2
5 EmSms =

I1. pBST-HSP4
B B B

B B
=m = B
| [ il I ]

I1L. pBST-H5P6
ES BE 5 BS

! BN ([ |

Fig. 2- 3. Restriction map of pBST-HSP clones.

Stripped regions contain the HSP genes.
B, BamHI; S, Sacll, Sm, Smal
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Fig. 2- 4. Subcloning of HSP genomic fragments into pBluescriptll vector.

M : DNA digested with Hindlll, Size marker.

24 (lane 1), 1.15 (lane 2) and 1.05 kb (lane 3) fragments of
pBST-HSP6 are subcloned into pBluescriptll . Arrowhead indicates
vector DNA of pBluescriptll.

Marker
(kb

g_

5_
3 —

Fig. 2- 5. Restriction enzyme analysis of nested deletion clones for pBS2.4.

Plasmid DNA was digested with BamHI and analyzed by
agarose gel electrophoresis.
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1281

1141

1281

1261

1321

1381

1581

1561
1621

CCGOGGCCGTCRAGGATCTARCGLGCCOGCACGCTCGTGATCAC GG CAGLGECGCCOGN
CGCATGTGGET TRGAGAT GARGA GCAC GGG TOGGGRGC CTT GO GCGRACCOCOCOOTTC
AL TCCTEGATCT TGO CC CACACCACCTECTTC TCCAGG TACTCCTGACCLACATE
G TGAGGL T GG GL T GL GO GO G TCACCC TG TCCTCCTCTCGCCACGCTTCOOOC
CTETCTETRGE T ETC T TCL LG O TE T GLC T TG TG T GG TOGTCGLCTOCAL
CTOOCGOCATCGCTAGGULGT GLACAT TGO LAAL TCGAGLAALLLLALLL TCLAGALG
AGAAGTCCACAGTCCTCGEACCAGTGLOTGIGT TTOLGTAGGLGTOLLLCAGTTTCALGA
TGO CGCACCCCATTTGTGTAAGC TTETACCATGGGGTGAG TACACACTGTATCTATGS
GUCACTCACTAGGAGAAGCCCAGCCCGGTGLTCATT TCCTTCCCATTCTCTTCARGLARL
AAAAATOGEATCAAGTCTCCCATTTTTGRAAC TGCAAGT TGCTGCATATCTCGACTTT GG
AR GCAGAGAATTTATACTGCACAT GCAGTTGAGTCACTGATATGGOGECCCOCATTTTAL
TATAGCCCACATATCAGTGAC TCAACTACACAGCGETTAAGT CAGAGRATCOCTTTCCCT
CGAGATTGT LT GGACGA T T GG TCG TG TGLTAACC TCAACTGT TCCGTTCGTAATCT
ACCGAGLCCAGAACCAAGTCCAGCATT TTCGAGTCTATCCAGGAATAGAAGAGARCTATC
GAGAAGCTGCT T TECTC TCCATCCTTATCATT COCCCGOOGCATATAAGARCGLCATCCC
CTCCTOGACAGATATCCAAGCAAAGCGAGAAAAGAAGCCAGCGATCGARAGCCCAAGTAT
COAAARATOCGCTTCCAATTCLGOGARA CTACACTAGTCGTAAGCGCCARATCCAACTGALC

GEAIE TCGE TGAT CCGCCGCAGCAACGTGT TCGACCCCTTCTCCCTCGACCTCTGRGACCT
M5 L IRERKSMNYFDPFPFSLDLWDP

CTTOGACGGRETTOLCCT TOGGRC TCCGG CGGTA GLAGCAGOGGIAGCATCTTCCCETCCTT
FB & FPFGSGGS5 5 3530651 FPFEF

CCCGUGaGCGCCTCCTCCGAGA LG G T TG GGGl Gl GCATCGAC THGAAGHA
P R G A 5 S ETAATFAOGARTILIDW®NIKE

GACGCCOGAGLC GCACGTGT TCAAGGL GEACGTGLOGOGGIT CAAGAAGGAGCA GLTTAN
T P EAHY FEADBDWNY P G L K K E E ¥V K

GETGOAGLTGEACGACGLOAACATECT GEAGA TOAGE COOGA G GOAACAALCACE AGEA
¥ E ¥ D D & M I i O I 5 G FE B W KGEOQTE

Consensus I
GLRAGAAGACGGACCAGT GREACCGOGT TTHGAGOGEA GLAGHE GLHAAGTTCCTOCGCAG
E ¥ T DQWHRUWYVMWNSAATGEGT ESEZEKTFLRRER

GTGGEGCCTCCCOGAACAACAALGUAA GGOGGAGCAGATCAAGGLGT CCATGHAGAAT GG
W B | P E O D B K A E O T K A = MM E NG
Consensus I
CLTGCTCACCGTCAGGGTTCCCAAGGA GRAGGLCAAGAAGCCCGACGTCAAGTCCATCCA
L L TV RVY P KTETEH GLEKIUEKPDVYKSTIOQg

GATCTCCGGLTAGGCAT CGCCLGGLT e OGO G TG T AL G A Gl LA GCACGGUGELGT
I 5 & *

TTTOGC T T T GG CTGGT T TGTC TG TOG TRAAGGAGCARA TAARA TCGGGLT TGAGTLCAG
TETGTGTECOTRTCT GTCT TRAACAGT CGTGT G TC R GTOGTGTCAL TRGLTCAGTGTGT

128
180
248

I6e
428

EEENEERE

1Ba8

1142

1268

1326

1388

1448

1508

1568

1628
1688



1681 TGTTCCAGTGLGCCGTTCATCAGCCGATCAGCGTCTATACCOGTCTTTTGLAACTAGTTA 1748
1741 AGTGATCAATACTATAATCTGTTAATACCTCATCTCTCTGATGCATTCTCTCOTTTAATT 1800
1801 TCATTGACTTTGOGTATTACTACCTGACAACATTACAMACCATACAACCACCTTTCGANT  1EGR
1861 TTCGTAACTCTCACTGGOGLATTTAACCCCTCTAGLCGCCAATGCTCOTTROCGAAAAAS 1928
1921 GTTTTTTTATATGTTTTCAATGATTGAAGAGTTTTTCTTTAGCAATATATAGATGTTTTT 1968
1981 TTCAATGATTTAAAMATAGTTTTTCTTTAGTAAATCCTCTATATAGCTACTAGGTTTGLG 248
2841 TTGGACTTTTTCTGTATCTATCTAAGATTATTGTAGCTTGCAGTGTAGAATATTACTCCC 2108
2181 TOCETTCCTTAATATAGGLOGTGOTTCTTATAGTTCTAMACATARARACTCTTTARATATC 2168
2161 AGTTACGCTGATTAATTGTCTCTOTTCGAAGAGCCACAGCTAGTTCCOCGETAGATACGE 2220
2221 TAGCATTAACCGCCATGLAGCGTGLGLTCGACCCTTTOGRGLGGATAGCCAGCATGCATG 2288
228l CAGATGCATTTTTGETAGLGTGCTTTGCTTGGCATAACGLCATGTATGRATTGTTTTGAT 2349
2341 TCAAMAT TTGGARAGECCCATGOATGT TTOATCGAAMATTTOOATGOCGECATOAGCGA 2408
2421 TAAMRANTAAATAGAAAATTTTTGGOGCCACTATTTGCCAGCARRATTTTCTCCTATAAN 2468
2461 TATGCCLCCAATGOACCACACCTTCCATCTCTCTTCUTTCOTTCCATGETTCAACGTACGTA 2528
2521 ATGLOCGOTTTTGAAATCTACCCATCATCAATTGOCACGAACTTGAGCATTTCCATGGAG 2580
2581 ATATATCTGGAACTATGACTTCGTTTGGGATTATGACATGAAGGTGTTCATAGGAGCTTC 2649
el TTCTCTTTGTCTTET T T TN TC T TN GCAT TGTGTGACTATAATTTTGTTTCAACGCACA 2788
271 GTGAAGATOLOCAAT GO COLGLOAGTOLTAACGACGGTOGGLTOCGALGLAGLGACGTGEL 2760
2761 TOGCAGTGGOGATGACCACGETGOT GO GATCATOOC GO COUGHILGIGATCCACLGAT 2809
2821 GOAGCAGTCGATGCACCTAATACTCGTTCATTTTCTTITIGCTTOTTCTGTTTGETGLACG 2880
2881 AGTTGAAGGLCTTTCCATGTACACATGCACACTCCCATGC TTAAGE TAGCCOATOLATGE 2948
2941 CAACCATAGTATAGOCTGCACGTTCTCAGOCATCATCCACCATOTOTAGGTATCAATATE 3009
IBELl  ARGAGGAGLAGACACTACCCTOCTGATATGAAACCAGATATGCATTGTGTTTGRAGAGET 3868
3861 CGGAT IS

Fig. 2- 6. Nucleotide and deduced amino acid sequences of pBST - HSP6.

Closed box indicates the translation initiation site. Consensus
region | and Il are underlined.



. OsHSP17.9

OsHSP17.9 BLAST
5 type (Imw) HSP

Cytoplasm  class Imw HSP  OsHSP174 (Oryza Sativa; Nishi et al.,
1992), cytoplasm class Imw HSP AtHSP17.6 (Arabidopsis thaliana;
Bartling et al., 1992), mitochondria  class Imw HSP  PsHSP22 (Pisum
sativum; Lenne et al., 1995), endoplasmic reticulum class Imw HSP
GmHSP22 (Glycine max; Helm et al., 1993) chloroplast  class Imw

HSP NtHSP26 (Nicotiana tabacum; Lee et al., 1998)
, Imw HSP consensus region | (116 Phe

146 Lys )  consensus region (70 Asp 101 Glu )

OsHSP17.9 (Fig. 2-7).
, 85% (OSHSP17.4),

39% (AtHSP17.6), 34% (PsHSP22), 43% (GmH SP22) 32% (NtH SP26)

OsHSP179 cytoplasm class | LMW
HSP (T able 2-2).

OsHSP17.9

cytoplasm class I Imw HSP ,
OsHSP174 (Oryza Sativa; Nishi et al., 1992) 85%, TaHSP16.9 (Triticum
aestivum; McElwain and Spiker, 1989) 68%, GmHSP17.3 (Glycine max;

Schoffl et al, 1984) 68%, AtHSP17.4 (Arabidopsis thaliana; Takahashi and

Komeda, 1989) 66% CrHSP18.3 (Chenapodium rubrum; Knack et
al., 1992) 64% (T able 2-2).
OsHSP17.4 (Nishi et al., 1992) (85%)
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pAST-HIPE 1 WS---LI---RRSNYFOPFSLOLMOPFOGFPFGSGGRS550SIFPSFPRACASSETARFAGA 54
G.sativa 17.4 1 WS---WI---RRSNYFOPFSLOLAOPFIGFPELS -G - 5051~ -FPR-ANSDAARFAGA av
Arabidopsis 18,2 1 WELIPSTFGGRRSNYFDPFSQDLROPFEGE-F-T--P545-AL-AN-A-STRRINARFTHA 52
[T 1 H:5.L IPHFFGCHEN‘HH‘F[)PF“[:\'IDPFI{EFFFWTLHAE- ..--# PEFSRENSAFVAT 54
M.zativald. 1l 1 saccaamans DPFELWIWFI!I]FPFTH'ML T L PR !-PQEIIEIF\"ET 16
2 : ! v .‘.illli‘ ‘i - Ty 0
pBST- HERG 55 RIDWMETPEANY FKADVPCLEKEEVKVEVDOGRILQISCERMMEQEERTOONMAVESARE 114
O.sativa 17.4 45 RIDWSETPEAHV FKADYPGLEKEEYKVEY EDGRVLQISGERIKEGEEK TOKNHAY -ERSS 186
hrabidepsis 18,2 53 RNDWEETFEAHY FRADLPGLEKEEYKYEY EDKRVLQISGERSKENTEKNDKNHRY - ERAS 111
G.manl8.5 5% RN DWEETFEAHVFEADIPGLEKE EVEVOIEDDEVLQISGER WY EKEDEND THHRY -ERSS 113
M.ozotivald.l 37 RIDWEETPEAHY FRADL PGLEKE EVIYETEDDRYLGISGERNY EKEDENOQNHRY - ERSS 9%
E FERESSAEERBAES ERFEFIESRAN & S FEEEEEE b RN RERE -
pBAT-HEPG 115 GEFLRRNRLPEQQRKAEQIKASMENGLL TVRYPEEEAKKPOVESIQISG- - 163
0.sativa 17.4 187 GKFLERFRLPE-DTKPEQIKASMENGYLTYTVFEEEPKEPOVESIQITG- - 154
Arabidopsis 18,2 112 GKFMERFRLPEN-AKMEEVKATMEMGYLTVWWPEKAPEKKPOVES IDISGAN 1681
G.manl8. 5 114 GKFMERFRLPE - NAKY EDVEKASHMENGY L TYTVPKEEVENFOVEA IEISG- - a1
M.eotivgld. 1 6 GKFMERFALPE KAKHJ[!'HA#‘HFHGULT\' VPKEETRKFEVESIETSS-- 143
I T T Tt T T T T T

Fig. 2-7. Comparison of the deduced amino acid sequences of pBST-HSP6 with
those from Oryza sativa (O. sativa 17.4), Arabidaopsis thaliana (A.
thaliana 18.2), Glycine max (G. max 18.5) and M edicago sativa (M.
sativa 18.2).

Asterisks represent amino acid residues identical to those of the
pBST-HSP6. Gaps are introduced for alignment as dashes.



Table 2- 2. Identity scores between OsHSP17.9 and other LMW HSPs.

Class | Class Class Class Class
Proteins | osHsp| TeHSP | GMHSP | AtHSP | CrHSP | AtHSP | PSHSP | GmMHSP| NtHSP
174 | 169 | 173 | 174 | 183 | 176 22 2 26

O<HSP17.9 85 | 68 68 66 | 64 39 34 43 32
93) | 81) | (83) | (79) | (79) | (B9) | (46) | (B8) | (49

Sequence homologies are determined via pairwise sequence alignments using
the DNASIS program. Numbers indicate percentage of identity and similarity

(in parentheses).

OsHSP17.4, Oryza sativa
Gmhspl7.3, Glycine max
Crhsp18.3, Chenapodium rubrum
PsHSP22, Pisum sativum

NtH SP26, Nicotiana tabacum
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TaHSP16.9, Triticum aestivum;
Athspl7.4, Arabidopsis thaliana
AtH SP17.6, Arabidapsis thaliana
GmH SP22, Glycine max




, OsHSP17.9 cytoplasm

class | Imw HSP

. Southern blot

genome cytoplasmic class | Imw HSP copy
number 20 genomic DNA BamHI, Kpnl,
Xbal , “P OsHSP17.9 probe
Southern blot (Fig. 2-8). , BamH]|
genomic DNA 5 hybridization bands , Kpnl
genomic DNA 3 Xbal genomic DNA
4 hybridization bands . , OsHSP179 ORF
BamHI, Kpnl Xbal site ,
Oryza sativa L. cv Milyang 23 genome cytoplasmic class | LMW HSP

3 copy 5 copy

. Northern blot

OsHSP17.9
promoter :
Northern blot
, 20
28 ,38 , 42 45 1 heat shock
Heat shock waterbath
vat ,

OHP film 1
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Marker B K X _BI{X

Fig. 2- 8. Southern blot analysis of rice genomic DNA.
A. Agarose gel electrophoresis.
B. Southern blot analysis.

Rice genomic DNA (10 ) was digested with BamHI (B),
Kpnl (K) or Xbal (X) and hybridized with the ZP-labeled
coding region of OsHSP17.9.
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total RNA , OsHSP17.9 mRNA
38 42 , 45
(Fig. 2-9). 42
HSP
OsHSP17.9 42
42 5,1 ,30 ,1 2
total RNA , OsHSP17.9
MRNA 10 , 30
(Fig.
2- 10). 42 30 heat shock OsHSP179 mRNA
30 MRNA
heat shock MRNA
, MRNA
, OsHSP17.9
promoter
2. OsHSP26
. cDNA library
(O. sativa L. cv Nakdong) 28 , 16 20 , 8
, 70%, 12,000 lux HSP
HSF , 4 42 %0
, guanidine thiocyanate (GT C) total RNA
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60 min
28 38 42 45 (°C)

‘“ A0 7kb

' rRNA

Fig. 2- 9. Effect of temperature on the expression of OsHSP17.9 gene in rice.

Leaves were incubated at the designated temperatures in a shaking
waterbath for 1 h under illumination with white light. Each lane was
loaded with 15 of total RNA. Transcripts were hybridized with
iP- labeled coding region of OsHSP17.9. rRNA indicates the relative

RNA amount put in each lane.
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Time at 42 °C
0 5 10 30 80 120 (min)

'...4u.?kb

I rRNA

Fig. 2-10. Time course of expression of OsH SP17.9 gene in control and heat
shocked rice leaves.

Leaves were incubated at 42 in a shaking waterbath under
illumination with white light. RNA was prepared from the treated
leaves, which were sampled at indicated times. Each lane was |loaded
with 15 of total RNA. Transcripts were hybridized with

iP- labeled coding region of OsHSP17.9. rRNA indicates the relative
RNA amount put in each lane.
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total RNA oligo(dT) column chromatography MRNA

, CDNA library template . 5
MmRNA  template cDNA synthesis kit (STRATAGENE, U.S.A)
cDNA . cDNA  Sepharose cloumn size fractionation
, HSP HSF mRNA 0.5 kb fraction
, T4 DNA ligase A phage vector (Uni-ZAP XR vector,
STRATAGENE, U.S.A) ligation . phage DNA
phage in vitro packaging (Gigapack Il Gold

packaging extract, STRATAGENE, U.S.A) cDNA library

library  titer , 2.6% 106 plague forming unit (pfu)/
titer HSP HSF cDNA
cDNA . library titer
3.2x 10¢
. cDNA library HSP cDNA

1) Probe DNA

cDNA library Imw HSP cDNA
probe Imw HSP
homology ,
homology Imw HSP
C-terminal PCR primer (26Ps and 26Pas;
Table 2-1) , genomic DNA  template
, 0.4 kb (Fig. 2-11). PCR pGEM-T vector
subcloning , DNA ,
Imw HSP
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=4 036 kb

Fig. 2-11. PCR amplification of chloroplast- localized Imw HSP DNA fragment
from genomic DNA of maize.

M: 100 bp DNA ladder, Size marker.

Lanes 1 and 2 represent the PCR products with sense primer
(26Ps) and antisense primer (26Pas).
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, DNA &P labelling cDNA library screening probe
2) cDNA library  screening
cDNA library Imw HSP cDNA clone
PCR probe DNA genomic DNA library
screening screening , 2
26 positive clone clone
, 5 clone DNA
. DNA
DNA , clone
, Exo nuclease Mung bean nuclease
nested- deletion , Sanger dideoxy chain termination DNA
Plasmid DNA Wizard plus Minipreps DNA

Purification System (Promega, USA)

Sequencing kit (Pharmacia, USA)

(Pharmacia, USA) DNA
5 clone
(Hitachi, Japan)
clone
Imw HSP cDNA
106 noncoding region 107

 TAG 720 bp

, ALFexpress AutoRead

ALFexpress DNA Sequencing System
(Fig. 2-12).

BLAST DNASIS software program

, 5 clone 5'- 3-
1,026 bp ,
, ATG 826

open reading frame (ORF)
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1 ARGCRATCAAGUGACGATRAATTAGAGC ARG TCECEACC T TCOGRACGATCT CORGETERCT

1 GCTTITAGGTTCTOARACTCTEATTTCCTCTETACTCTSTAGT G NETESCTGCToTATT
H A B B F

121 CECTCTCGTCARCCG T T ITORCAGC o oG e TCCCCATCC G e CalC T TAEGAD
A L v =2 F ¥ 5 F R A R L P I R & A W AR &

121 CoAGRCCGROSOTCCoCeCTooCoTCnToCoteRCeooeoor oA ToooCaTaaliTECEn
L P T ¥ G L P BB B 'R A B Q0 L A %W A B A

241 GECEURGHAGRACAGHIATARCACCGCCGTCEATETOC AL GTCRAC CAGEAL GG GRGRA
R« R R R R - - FR et TR '« K - S /R« R« M - S e |

501 COAGCAGGEFAACGOCGTECAGCGCCGCTOSCECCGCTCETOGGCGTTTEEACGTFIATCT
4 9 &€ ®m oA v g kB E PR R 2 5 R F G R H L

el OO ET T TR T LA AT E T L O AT GO G AT AT CC QAR T O TS AR
FF & L ¥ L PH £ P XM RFTHEJgHLDT

421 GATEGACCGEATETTCGACGRE
H OR W F I D

BT EGGHETGEEE BT IO TR A GOORE BERGGTERET
kR L &G F B A T P R R 2 L

121 &= GEFEEAGET L EEAT GO T AT CTCATGRAGEACGAC AAGGAGETZAGGAT

i L
T & BE ¥ RW F ¥ I VM E D I K E T R H

41 GO CET TR AT CC GG T T e G A A LS TCAACCTEATO L TEEAC RO CACEC
R F 0 W P @@L 5§ F EE VY E ¥ N Y E I D &

w01 GUTCETCATCCECEEEERGT AT RAGRAGGAGEAGGGC CREEEC GO GEAGEEC TOCGECGA
L ¥ I BR"G E H K. ¥ E E & E G h E G & B 1

il CGESGTEETEFARGGAGCGCRGOET GAGC T TACGACATECGGC TEECGCTCCCOGROGA
< N W K E B = % 8 &5 % » W E L A L F D E

T21 STeCEACRRCACC AT oG O SR T ARG R A SO R TR TS O TR TE RS S ST RO
£ 0D ¥ 5 E ¥ B A E L E N G ¥ L L ¥ T W F

T8l  CRRGACGGRGGTGEAGCGCANGGTCATOGRCGT GOAGET CCA[AERC GAATGGCTECTA
E T ¥ ¥ E R E ¥ I O W Q0 W g *

241 CTACTACTGAACGGTCACTCTGGAGOATITGAGCCTGTGACCGTGAGSET TTARGTAGTS
201 TORGETTTGAARRAGTCGTETACTAGRGETTETAAT TAC TCAGC GAACGAGC GRATGAAT
961 GERATARTGCTAETATGAGATARAAGGTTTGET TS TCTCARRARRAAARARRAARAALL

LOZ1 ARRRRN

Fig. 2-12. Nucleotide and deduced amino acid sequences of cDNA for the
chloroplast Imw HSP of rice.

Closed boxes indicate the translation initiation and termination sites.
The site of the putative polyadenylation signal is underlined.



3- 200 noncoding region cDNA
239 26.639 kDa
, cDNA  OsHSP26
Database
, Imw HSP
(Fig. 2-13). , Imw HSP
consensus region | I , Imw
HSP consensus region Ill 87- 100
OsH SP26 clone Imw HSP
. Southern blot
genome OsH SP 26 copy number
, genomic DNA Hindlll, Sall, Pstl , <P
OsHSP 26 probe Southern blot
(Fig. 2-14). , Hindlll Pstl genomic DNA
2 hybridization bands , Sall genomic DNA
1 hybridization bands OsHSP 26
cDNA Hindlll, Sall Pstl site
, OsH SP 26 small gene family
, CDNA library  screening 26 clone
, OsH SP 26
single copy Hindlll Pstl
genomic DNA 2 hybridization bands OsH SP 26

intron Hindlll Pstl site
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Fig. 2- 13.
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280
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224
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Alignment of the deduced amino acid sequences of the
Imw HSPs from six plant species.

chloroplast

An arrowhead indicates the putative processing site and boxes
indicate the consensus region I, Il and IIl. Asterisks represent
identical amino acid residues and dashes indicate gaps introduced
to optimize alignment.
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Fig. 2- 14. Southern blot analysis of genomic DNA of rice plants.

Genomic DNA (5 ) was digested with Hindlll (H),
Sall (S), or Pstl (P) and separated on an 0.8% agarose gel.
T he full-length OsHSP 26 cDNA was used as a hybridization probe.
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. Northern blot

OsH SP 26

Northern blot

, 20
25 , 39 , 42 45 2 heat shock
total RNA , OsHSP26 mRNA 39
42 , 45
(Fig. 2-15A). 42
HSP
OsHSP 26 42 2
5 , OsHSP26
MRNA 20 , 2
(Fig.
2- 15B). 25 , OSsHSP26 mRNA
, OSHSP26 mRNA
OsHSP 26 ,
25 42 2 , Northern blot (Fig.
2- 15C). , OsH SP26 MRNA
25 , 42
, RNA
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39 42 45 (°0)
‘ . -4 10kb

B Incubation at 42°C at 25°C
0 5 10 20 30 &0 120 180 240 300 360 (min)

C L S R

23 5 42 25 42 ("C)

42
are-

Fig. 2-15. Expression of transcripts of the chloroplast Imw HSP gene under
heat stress conditions in rice.

A 25

(A) Temperature dependence. Rice leaves were treated for 2 h at
designated temperatures. (B) Time course during heat treatment and
the subsequent recovery treatment. Rice leaves were treated at 42

for 3 h, and then further incubated at 25 . At designated times,
samples were withdrawn for analysis. (C) Expression in various
organs. Hydroponically grown rice plants were treated for 2 h at
designated temperatures. L, S, and R indicate leaves, stems, and roots,
respectively. Total RNA (5 ) was separated by electrophoresis and
transcripts were detected with the gene- specific probe.
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3. BCHSP17.4

BcHSP17.4 (Brassica campestris L. cv Seoul)

cDNA library . BcHSP174 732 bp , open

reading frame 69 ATG 542 TAA 474 bp
157 174 kDa  polypeptide
(Fig. 2-16). BcHSP17.4

class | Imw HSP

4. OsHSF13

. cDNA library HSF

1) Probe DNA

cDNA library HSF cDNA probe
HSF
homology . ,
homology HSF
PCR primer (HSFPs and HSFPas; Table 2-1) ,
genomic DNA  template , 0.2 kb
(Fig. 2-17A). PCR (Fig. 2-17B),
homology EST clone HSF cDNA
, Arabidopsis, HSF
homolog DNA binding domain homology . ,
DNA &P  labelling cDNA library  screening probe
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AGCRAAGCAARATTETASAAGAGRACARRMCTTETGAARGAGCATCTTAGTITTCTREEC 59

mﬂ!CTE!MmECTHTTEGGTEGCCWETHEm 115
M 2 L I P 8 F F 6 8 R BE T B V F D

CCATTCTCGCTAGACC TETATRACCCGTTOGAAGGAT TCTTARCGCCTTCAGGGATGRACA 179
P F B8 L DL ¥ D FP PFE & P L " P & 3 WM T

AACGCAACCTCGAAGGACITGECAGCATTCACAAACGOGAANG TGRACTEOAGGEAGACE 22
¥ A T 58 K b VvV A A F T H A E Y DD WRET

CCABARIGCACACITITTCAARGCOOACTTRCCHIOIC TRAARRACGAATAAGTOAAGITS 28
P E A RV PF EATDULUPOGEILEZEEEVEWV

GAGETTGAAGATEECAACATAS T TOAGATARGT BEAGAGAGARGCAGCEAGAATGANGAS 35
E vV ED & N I v ¢ I 58 &@ E R §8 §8 E N E E

ARGAGTGACAGE TOECACCE T TOGAGARG TCAAGTGEAAAGTICATGAGGAGGTTTARG 419
K &£ D R W HEBREY ER E S5 G E P M BEERPF K

TIGCOGGAEARCECSAAGETAGA TEAAGTEAALGCTACTATSEAGAACGETEGTETTETOR 478
L P E W A EKE YV D E V E A 3 M E W @ ¥V L B

GTCACGGTECC TAAGA TGAC TERAGRBAAAGCCTEAGGTCAAGTCTATTAACATCTOCGREE  BAd
¥ T ¥ P K M A E R K P EWV E 5§ I DI &5 @

@Tmmmmmmmmmu:mmmmr 588
=

GEETEIGEATCTETSTETTATTI TETIGCTIET TTCC TG I TCTECTCITTCOTTATAATA 850

TEEATCTGRATRTATARTATCTGTRARATCTTAATARARGRAGTFICTTGARATAALARLRR T19

FEREREELEEEERES 733

Fig. 2- 16. Nucleotide and deduced amino acid sequences of BcHSP17.4.

Closed boxes indicate the translation initiation and termination sites.
T he site of the putative polyadenylation signal is underlined.
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1 CeGTTOC TEAGCALGACGTACGAGATGETEREACSACCCOTOGRACSGACGOGETEETRSGS 60
P F L S E T Y E N Y IFD F S TDPF & ¥ ¥V G

61 TGGACGCCGCTOGECATCAGCTTCGTOFTOGOCARTC AGCCCGASTTCTRCCGHGATCTG 120
¥ T?P? L % TS F ¥V ANQT ETF CERTL

121 CTOOCCARGTRCTTCARGCACKACARCTTCTCCAGCTTCGTEOGAC AarTCARCLAC 177
L P ETF KEHK NV F 3 35 FV EOQFHNDN

Fig. 2-17. Preparation of partial rice HSF gene fragment.

A. PCR product. M: DNA digested with Hindlll, Size marker.
Lane 1 is represents the PCR products with sense primer
(HSFPs) and antisense primer (HSFPas).

B. Nucleotide and deduced amino acid sequence of DNA
fragment amplified by PCR from genomic DNA of rice.
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2) cDNA library  screening

cDNA library HSF cDNA clone PCR
probe DNA genomic DNA library  screening
screening , first screening 35 positive clone
positive clone second screening
12 phage clone
3) Plasmid subcloning

Positive phage clone plasmid DNA f1 helper phage
in vivo excision , plasmid DNA . HSF cDNA
plasmid DNA EcoRI Xhol , Southern
blot positive clone
, Southern blot signal
clonel3-2 , HSF cDNA 15 kb insert DNA
, 5- Sal | site probe DNA
clone HSF homolog
100 bp 5'-noncoding region
HSF  full length cDNA clone OsHSF13 (Fig.
2- 18A), DNA
. DNA
DNA , OsHSF13
, Exo nuclease Mung bean nuclease

nested- deletion

(Fig. 2- 18B), Sanger

dideoxy chain termination

- 77 -



5 3
EroRi Sal | ¥hol
OsHSF |

Marker 1 2 3 4 5
B {kb)

21
9.4

[T R g ]
[=T R - /]

Fig. 2- 18. Restriction enzyme map of a positive clone for rice HSF cDNA (A)
and construction of nested- deletion clones for rice HSF cDNA (B).
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DNA . Plasmid DNA Wizard plus Minipreps
DNA Purification System (Promega, USA) ,  ALFexpress

AutoRead Sequencing kit (Pharmacia, USA) ALFexpress DNA Sequencing

System (Pharmacia, USA) DNA
OsH SF 13 BLAST DNASIS software program
(Hitachi, Japan) (Fig. 2-19). OsHSF 13
DNA 1,377 bp , 5'- 50 noncoding region
51 , ATG 1,112 , TAA 1,062
bp open reading frame 3- 265

noncoding region

Database
, HSF
(Fig. 2-20). OsH SF 13 clone HSF
. Southern blot
genome HSF copy number
genomic DNA EcoRI, Hindlll, Pstl
, <P OsHSF 13 probe Southern blot
(Fig. 2-21). , 2-3 hybridization bands
genome 2 HSF
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1 AGFTCATOTCCADG TG OG00 GGG ME0EEARG UG R0 BHEGT BEoGATERIRTNGT 60
H & o @

Bl ALRCAGRGGROGET R OGACCOCET T CT GRS RAGROG T A CAGC TR TROATEROCOGE 120
g FRT'¥F TPFTYT LWLT KT TQ L ¥ DD F A

121  SEETCGACEACGTCATCTOOTGEAAL GAOSAC GECT CCACTTTOSTCRT AT RE0F0C00GE 180
¥ DD VI & WHWHDIDOD I ST F ¥V ¥ W R P LA

101  COGAGTTORIC O GACCTOCTO DS AAGT AC TTCAAGC RCRACARCTTICTOCAGTTTCE - 240
EE &RDLVLP ET Y EHNXN B EBE & 8§ F V¥

241 TOCGCCRGETCARCACTRCGCATT TAGCRACAT PETC OOCCACACCTOLCRGTTOROC L . 300
FE Q2 L W " Y & F R E I ¥ DR W-E F A M

INY AOERCTECT IO OGIC R FRANTRIOG R TECT CT O BRGATRCACOGOC GEARGETER - T8
b2 ¥ R A G E R E L L CE I BREZKTY.T

F61 O OE0C PRGN ARG RN EE BERE AT DE e RO TR rGATC OO GATEC GO T 9240
P F & FAKTT AASEVY X AATI FH A LF

421 ORGTGACGRCGRCEC BOERTREOTOC O COTGOT CT OO BACACEACCACS FC RTATONT 4B
¥ 7T T T AR D S F PY L F G E E g W I 5 8

101  CCRGCTS TGO DA OO T T G TR O L AGRCEOOETOCRHCTOC BECTOCE - 540
a8 &8 P E P P L Y L P Q AP 8 G 8 G & 4

B4l Gt G T OO T G e AR T e G DG AG R A CGAG TG TROGGOGEAGARCGIGE GO0
Yy & § 6 VY& D EFHERLETEBEHNS&S&LD

BO1 G TOGCOC ARG TC AT AGATIAICAAGCTCT OCA RCRACATOCTOCTOCTOATAT 650
L A E EL &2 HEELUOCHKUHWNIILLLHAS

861 CCAAGTADEIC TC AT A AR T GACT: GO CRACBROTTOOTOORC DA0T BaThAEA V20
E Y & 8 T @ 9 L & AhKF A E & A &G F N

T2l  ACRACARCRACARCTECPOOGEOCAATC OGO CRECOCOOTROCOOCCTOCOOCTOOOCE TAD
H H RN C E & E 5 A E A KA T 7 L P L ¥ A

TRl COGTCCTREACCT AT GO TT O TR DO OGEC G UG IC TOOR 0G0 RO ETATCRE - 540
¥ L DL AP B'C P G A A 8 A A AP VYV 2D

Ed41  ACARCGRGGAGHGAATGATGAGECGOGARGCTC TT OGEC GTCTOCAT OGO GRARGC GRA - B0
HE E&-MHWWH EFAEFK LF VYT EI & BE KRN

501 TEOGGCRCIRS COOREAEEIEADIAS GROC AL GE CLROGACITOACEC CORGOCATAE B
FE H Dda ® DD OB ATV EATEFHD

P01 ADEEGOGECOETRCGEC ARGRACERACANT DGR FEAGADECAGEOCTGRC COATTTACD 1020
G R P L E X DE @ 8- A ET Q AW PF I T K

1021 O AGCC O CT TTACC AT ATC CCCA O TRCANT COATACCAGTADCACCRRAGICGE 1060
P R B W VY QO F I R AL C W &G ¥ E Y O R & &

1081  GCASTHRCCARGACHITTCARNCTCT AC CTARMAAGT TOTITETTAGACIOITCTCOTTTA 1140
a D g e &8 N 2 T *

1141 ATCAATCTACTCTAGEAATTAACTACTTCTAC TCCTOGATAGARARAGAGGCAATCANCT - 1200
1201 TTEeEAT TTACCTAGTOTCAATETC T TT T AGTGTTCI TTTTTRCTTETAGTATETAETA 1260
128l CTCCTACTAETTTT I T T T TTCAGAT TAT TATCCT TTETATATATACTOE MGCTGETAGTE - 1320
1221 ACHAGGCRTARMRCATCAGATCCAGTTCAS TTLO TALRN AR RA LA AN AR AR B LRLE 17

Fig. 2-19. Nucleotide and deduced amino acid sequences of OsHSF 13 cDNA.
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CmHSE 32 R-AESDADEIHE D e
ALHSE-1 @01 NYMOTERNVPEETAFISPSPELD--—35V-F1-C—-LEGI FEL-FEIDELMSHFEELEE
AtHSF-3 810 EFDLWSCETCSSECTDR IMAVLIESESIATSE BRESKMIEL LEGVERLPGTOIPFTENED

ZnHEF A -

B I e e

CzHEF T ——
ATHSF-1 453 YMP-ESEVFGOA-TTL-EH-HKNHFT- NNNTH -—GRE-MO-F- LIEELGLLTS ET-EH-~
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Fig. 2- 20. Comparison of the deduced amino acid sequences of OsH SF 13
with other HSF protein.

Asterisks represent identical amino acid residues and dashes
indicate gaps introduced to optimize alignment.



Fig. 2- 21. Southern blot analysis of genomic DNA of rice plants.

Genomic DNA (5 ) was digested with EcoRI (E), Hindlll (H),
or Pstl (P) and separated on an 0.8% agarose gel. The
full- length OsHSF13 cDNA was used as a hybridization probe.
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. Northern blot

HSF , 28 , 37 , 42

47 1 , total RNA Northern blot

2-22 HSF

47

HSF

35 39 42 45 (°0)

- 14kb

Fig. 2- 22. Effect of temperature on the expression of OsHSF13 gene in rice.

Leaves were incubated at the designated temperatures in a shaking
waterbath for 1 h under illumination with white light. Each lane was
loaded with 5 of total RNA. The full-length OsH SF13 cDNA was

used as a hybridization probe.
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HSP 5
, HSP100, HSP90, HSP70, HSP60 15- 30 kDa (Imw;;
low molecular weight) HSP (Lindquist and Craig, 1988).
HSP , 20 kDa
HSP20 superfamily (Waters et al., 1996). HSP
chaperone (Waters et al., 1996).
, HSP
HSP
BcHSP 174, OsHSP17.9 OsH SP 26
binary vector 35S promoter
. Southern blot PCR HSP

, Northern blot

constructs

1. vector

BcHSP174, OsHSP17.9 OsH SP 26

binary vector pBl121 plG121- Hm 35S promoter

vector pBIHSP17.4, pIGHSP17.9 pIGHSP26 . vector
DNA PCR HSP
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. pBIHSP17.4

pBluescript vector BcHSP17.4 BamHI

, pB1121 vector 35S promoter

vector pBIHSP17.4 (Fig. 2- 23A). pBIHSP17.4 plasmid DNA
BamHlI agarose gel
BcHSP17.4 (Fig. 2-23B), 35Ss-2,
17.4as-1 17.4as-2 primer PCR 35S
promoter BcHSP174 (Fig.
2- 23C).
. pIGHSP17.9
OsHSP17.9 vector pBST-6 clone
Sphl OsHSP17.9 ORF 2.4 kb
T4 DNA polymerase blunting ,
Xbal 5 Xbal - 3 blunt insert DNA
vector plG121- Hm DNA Sacl T4 DNA
polymerase blunting , Xbal insert
DNA  ligation vector, pIGHSP17.9 (Fig. 2-24A).
pIGHSP17.9 plasmid DNA PCR
OsH SP17.9 (Fig. 2-24B & C).
. pIGHSP26
OsH SP 26 Xhol blunting ,
5’ Xbal 5 Xbal - 3 blunt insert DNA
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Xhal, RamHI HamHI

H _ .L |
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Fig. 2- 23. Construction of the expression vector, pBIHSP17.4.

A. Structure of pBIHSP17.4. The BcHSP17.4 cDNA was placed under

the control of the CaMV 35S promoter. B- C. Identification of pBIHSP17.4.
Lanes 1 and 2 represent plasmids digested with Xbal and BamHI,
respectively. Lanes 3 and 4 represent the PCR products with sense primer
(35Ss-2) and antisense primers, 17.4as-1 (lane 3) or 17.4as-2 (lane 4).

M : DNA digested with Hindlll, size marker.
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Fig. 2- 24. Construction of the expression vector, plGHSP17.9.

A. Structure of pIGHSP17.9. The OsHSP17.9 gene was placed under the
control of the CaMV 35S promoter. B- C. Identification of pIGHSP17.9.
Lanes 1 and 2 represent plasmid digested with Xbal and Sall. Lanes 3

and 4 represent the PCR products with sense primer (35Ss-2) and
antisense primers, 17.9as-3 (lane 3) or 17.9as-1 (lane 4).
M : DNA digested with Hindlll, size marker.
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vector plG121- Hm Sacl

blunting , Xbal insert DNA ligation

vector, pIGHSP26 (Fig. 2-25A). pIGHSP17.9 35S
promoter OsH SP 26 35Ss- 2,
26as- 1 26as- 2 primer PCR (Fig. 2- 25B).
2.

. Agrobacterium

vector pBIHSP17.4, pIGHSP17.9 pIGHSP26 Horsch
(1988) direct Agrobacterium transformation (freeze-thaw method)

Agrobacterium tumefaciens LBA4404

Agrobacterium plasmid DNA PCR
vector :
constructs A. tumefaciens LBA4404 kanamycin
rifampicin YEP , Horsch (1988) leaf
disc transformation (Fig. 2-26).
0.5x 0.5 A. tumefaciens LBA 4404
, MS 28 ,

, 1 /2 BAP, 01 /2 NAA, 100 /

cefotaxime 100 / kanamycin MS shoot
shoot micro nutrient 12 kanamycin
cefotaxime MS
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Fig. 2- 25. Construction of the expression vector, plGHSP26.

A. Structure of pIGHSP26. The OsH SP26 cDNA was placed under the
control of the CaMV 35S promoter. B. Identification of plGHSP26.
Lanes 1 and 2 represent the PCR products with sense primer (35Ss-2)
and antisense primers, 26as- 1 (lane 1) or 26as-2 (lane 2).

M: DNA digested with Hindlll, size marker.
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Fig. 2- 26. Production of transgenic tobacco plants.

A. Shoot formation on the selection medium.

B. Normal green plants selected from the medium with kanamycin.
C. Regeneration of transgenic tobacco plants in a growth chamber.
D. Plants cultivated in pots.
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G . )

3.
. PCR
genome HSP
, genomic DNA Southern blot
( ) genomic PCR . PCR 35S
promoter HSP 35S sense-1 sense-2 primer,
35S antisense, BcHSP17.4 antisense, OsHSP17.9 antisense OsHSP26
antisense primer (Table 2-1), primer
genomic DNA  template PCR
, 2-27 29 pBIHSP17.4, pIGHSP17.9
pIGHSP26 35S sense-1 35S antisense primer
PCR , 0.3 kb 35S promoter
pBIHSP17.4 35S sense- 2
BcHSP17.4 antisense primer PCR 0.4 kb 35S
promoter- HSP (Fig. 2-27C),
pIGHSP17.9 35S sense-2  OsHSP17.9 antisense primer
PCR 0.8 kb (Fig. 2- 28C), pIGHSP26
35S sense-2  OsHSP26 antisense primer PCR 0.45 kb

(Fig. 2-29C) 35S promoter- HSP
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Fig. 2- 27. PCR analysis of regenerated tobacco plants transformed with pBIHSP17.4.

A. Schematic diagram for PCR amplification of 35S promoter and BcHSP17.4
cDNA fragments for identification of transformation.

B. PCR amplification with 35S sensel and 35S antisensel primers.

C. PCR amplification with 35S sense2 and 17.4 antisensel primers.

Numbers indicate independent transgenic lines. M: 100 bp DNA ladder.
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-4 0.3 kb
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Fig. 2- 28. PCR analysis of regenerated tobacco plants transformed with plGHSP17.9.

A. Schematic diagram for PCR amplification of 35S promoter and OsHSP17.9
gene fragments for identification of transformation.

B. PCR amplification with 35S sensel and 35S antisensel primers.

C. PCR amplification with 35S sense2 and 17.9 antisensel primers.

Numbers indicate independent transgenic lines. M: 100 bp DNA ladder.
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sansel — W 4 sanzed
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sensez_" -+ sensel
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- 0.45 kb

Fig. 2-29. PCR analysis of regenerated tobacco plants transformed with plGHSP26.

A. Schematic diagram for PCR amplification of 35S promoter and OsH SP 26
cDNA fragments for identification of transformation.

B. PCR amplification with 35S sensel and 35S antisensel primers.

C. PCR amplification with 35S sense2 and 26 antisensel primers.

Numbers indicate independent transgenic lines. M: 100 bp DNA ladder.

- 94 -



construct 2 PCR
pBIHSP17.4 24 line, pIGHSP17.9 26 line pIGH SP26 24

line (TO plant)

. Northern blot

HSP
Northern blot
guanidine thiocyanate total RNA 15
1.2% formaldehyde agarose gel , hybridization probe

BcHSP17.4, OsHSP17.9 OsH SP 26

, 2-30 wild- type

0.7-1.0 kb ) ,

HSP (BcHSP174, OsHSP17.9
OsH SP 26)
4,

. pIGHSP26

1) Imw HSP

HSP

heat shock
22 mm leaf disc
aluminum block , PAM101
chlorophyll , chlorophyll
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Transgenic plants
1 2 3 4 5 8

A A e s e e 4 0.7 kb

WT

Fig. 2- 30. Northern blot analysis of transgenic tobacco plants.

Total RNA was isolated from the leaves of wild-type (WT) and transgenic
tobacco plants. Numbers indicate independent transgenic lines.
rRNA indicates the relative RNA amount put in each lane.

A. pBIHSP17.4 B. pIGHSP17.9 C. pIGHSP26
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Fo Fv (Miyao- Tokutomi et al., 1998).

chlorophyll Fo Fv
, I (PSII) light harvest complex (LHC) II
PSII
(Asada, 1994). 2-31 wild- type
, 40 5 Fv
, Fo . wild- type 40
, wild- type
leaf disc 5 , 25 5
Fv Fo . PSII
LHCII
Imw HSP (OsH SP26)
12% SDS- , hitrocellulose membrane
(Protran, Schleicher and Schell, Germany)  blotting immunoblot
, Fo
(Fig. 2-32). Imw HSP 8, 26
Fo , Imw HSP
(OsH SP 26) Fo
Imw HSP PSII LHCII
, Fo 3, 20
Fv/Fm Fo-1/Fm
(Fig. 2-33). 5
2 1/2 wild- type 2
(Fig.2- 33C). Fo
Fv (Fig. 2-33A & B).
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Fig. 2-31. Changes in the Fo and Fv levels of chlorophyll fluorescence after
heat treatment of leaf discs from nontransformants.

Leaf discs were placed on a temperature- controlled aluminum block and
incubated at designated temperatures in the darkness. After 5 min
incubation, the chlorophyll fluorescence was measured using a modulation
fluormeter, PAM101. O : Fo of 5 min incubation at designated temperature.
m . Fo of 5 min incubation at 25 after heat treatment. o : Fv of 5 min
incubation at designated temperature. e : Fv of 5 min incubation at 25
after heat treatment.
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Fig. 2- 32. Comparison of increase in Fo levels of chlorophyll fluorescence after
heat treatment.

A. Immunoblot analysis. Total proteins were extracted from leaves of
nontransformants (NT) and transformants, and subjected to immunoblotting.
C and HS denotes leaves subjected to 25 and 42 for 4 h, respectively.
B. Percent increase of Fo after 5 min incubation at 48
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Fig. 2- 33. Changes of photosynthetic parameters.

Fo (A), Fv (B), Fv/Fm (C) and 1/Fo- 1/Fm (D) of chlorophyll
fluorescence after 5 min heat treatment at designated temperatures.
Arrows represent temperatures at which the level of Fo was doubled.
(A) or the levels of Fv (B), Fv/Fm (C) and 1/Fo- /Fm (D) were
reduced to half of control samples.
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Imw HSP , LHCII

2) Imw HSP
Imw HSP
(Fig. 2- 34). wild- type
52 45 ,
(Fig. 2-34A).
, 80%
(Fig. 2- 34B). Imw HSP
Imw HSP
, (1999)
Imw HSP

. pBIHSP17.4 pIGHSP17.9

HSP26 :
HSP
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Fig. 2- 34. Increased thermotolerance of OsH SP26 transformants.
A. Nontransformants. B. Transformants.

Plantlets grown in Petri dishes were incubated at 52 in
darkness for 45 min and subsequently incubated at normal

growth conditions.
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Imw HSP (pBIHSP17.4 pIGHSP17.9)

Fv Fo

Imw HSP

Imw HSP

Imw HSP

35

, Imw HSP
(
pBIHSP17.4 pIGHSP17.9
, Imw HSP
(Fig. 2-35),
52 45 )
wild- type
50%
Imw HSP

HSP

HSP
: Imw HSP

constructs

homozygous line (T 2 plants)

heterozygous line (T 1 plants)

)
vector pBIHSP17.4, pIGHSP17.9
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Fig. 2- 35. Increased thermotolerance of OsHSP17.9 transformants.

Plantlets grown in Petri dishes were incubated at 52 in
darkness for 45 min and subsequently incubated at normal
growth conditions.
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(tissue specific expression) ,

enzyme gene)

HSP

Ti plasmid
promoter

HSP

HSP

genomic DNA library
HSP
Element)
deleted clone  marker
transient assay
GUS
HSP
OsH SP 26

(life cycle specific expression)

(induced

Agrobacterium tumefaciens

pB1121 35S

genomic DNA library
HSP 5

HSP ,
HSE (Heat Shock

promoter deleted clone

GUS

promoter sequence

BcHSP174, OsHSP17.9
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1. OsHSP17.9 promoter

HSP , heat
shock promoter TATA box (Schoffl et al., 1984,
Schoffl, 1989). HSP heat shock heat- shock

element (HSE) binding factor (HSF) multiple copy

HSE (Schoffl et al., 1989,
Czarnecka et al., 1989 Czarnecka et al., 1990). HSP 5
TATA box “—GAA-—" “—=TTC-="
alternating unit multiple HSE , adenine
thymine AT-—rich region promoter
CCAAT box (Baumann et al., 1987,

Czarnecka et al., 1989; Schoffl et al., 1992).

OsHSP17.9 5 ,
161 HSP 600 bp
HSP HSE , =
GAA =" “—=TTC-=" alternating unit 30
HSE HSP
HSE  trimer . OsHSP17.9
trimer 7 ,
RNA polymerase CCAAT box
(Fig. 2- 36).
2. - Transient assay
Northern blot , OsHSP17.9
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-BBl  TGGGCCOGAGCCCATTTOTGTAAGCTTRTACCATGOLGTGAGTACACACTGTGTCTATGE - 542

541  GECACTGACTAGGAGARGCCCAGECCGGTGLTCATRARICCATTGTC A GEARS - 482
~481  AMAMATCGCATCAAGTCTCCCAATTTTGEARE TCEARCTTCCTGEATATCTCRAGTTTEL  -422
421  ARGCAGAGARTT TATACTGCACATGCAGTTGAGT CACTGATATGGGOGCCCCCATITIAL - 362
-361  TATAGCCCACATATCAGTGACTCAACTACACAGLGGTTAACTCAGAGGATCOCTRRINCCT - 382
-301  CGAGATTGLLLIT GOACGAIEGGGTCATGCTCGTAACC TRANCT GRRISC GIRLEGTAATCT - 242
-241  ACCGAGCCCAGRAN CARGTCCAGCATTRLEGAGTCTATCCAGRAATAGARGAGRRCTATE - 182
-181  GABARGCTGCTRREC TCTCCATCCTTATCARRIRC CCCGECGCATAT, GCOATCCE -122

-121  CTCCTCGACAGATATCCAAGCAAAGCGHERRAAEARGC CAGCCATACREMGECORAGEAT - 62

-6l COAMARATCCGOIRC AR GOGANA CTACACTAGTCGTAAGCGLCARATCCAACCRAL - 2

-1 GIEETCCCTEATCOGCCGCAGLAACGTE 27
M S LIRKRRSHY

Fig. 2- 36. Nucleotide sequence in the 5 -flanking region of the OsHSP17.9 gene.

The translation start site shown as +1, and the deduced amino acid residues
are represented as the single- letter amino acid code. The CCAAT box and
TATA box are underlined. The putative heat shock elements, --GAA-- and
--TTC-- are boxed.
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, , HSP
HSE (heat shock element) , “—GAA-—" “—TTC—"  alternating
unit 30 , HSE  trimer 7
thermo- inducible promoter
, OsHSP17.9 promoter

promoter transient assay

. Deletion constructs

OsHSP179  promoter transient assay
“—GAA-=", “=TTC-=", CCAAT box TATA
box promoter 6 mutant clones
OsH SP17.9 promoter PCR primer
, 5" sense primer Hindlll site 3’ antisense
primer Xbal site (T able 2-1). pBl221
vector DNA Hindlll  Xbal CaMV 35S promoter
, PCR Hindlll X bal promoter
, constructs
OsHSP17.9 codon -579 bp
construct 1, -360 bp construct II, -237 bp construct Il1, -108 bp
construct IV , promoter sequence
construct CaMV 35S promoter construct VI
(Fig. 2-37).
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Fig. 2-37. Construction of serial deletion clones for the promoter region of
OsHSP 179 gene.

DNA fragments amplified by PCR were ligated into pBI221 vectors (A)
and plasmid DNAs were analyzed by agarose gel electrophoresis (B).
Lane 1, 2, 3, 4, 5 and 6 represent construct I, I, IIl, IV, V and VI,
respectively.
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deleted promoter- GUS construct
transient assay BY-2 (Nicotiana tabacum L. cv. Bright
Yellow 2) . 7 200 /¢
KHZPO4 1.0 /¢ thiamin, 100 /¢ myo-inositol, 0.2 /¢ 24-D 3%

sucrose MS (pH 5.8) 26 (130 rpm)
3 0.4 M mannitol
1 washing (100x g, 3 min) enzyme solution (1% cellulase Onozuka RS

(Yakult Honsha); 0.1% Pectolyase Y-23 (Seishin Pharmaceutical); 10 mM MES;

0.4 M mannitol, pH 5.5) . 15 pipetting
30 1 , (200%x g, 3 min)
, CPW (pH 5.8) 3 washing CPW 2x 10¢/
200 PEG 20 DNA 15
, 5 275 mM Ca(NO?)z DNA
(100x g, 3 min) o1 200 /8 KHZPO

10 /¢ thiamin, 100 /¢ myo-inositol, 0.2 /¢ 24-D 04 M mannitol
1% sucrose MS 26 , 20

. Transient assay

Deleted promoter- GUS construct transient assay ,

- 110 -



42 1 25 2 . B
- glucuronidase (GUS) 4- methyl- umbelliferone  fluoroscence

spectrofluorophotometer (RF-5301 PC, SHIMADZzU)

(Fig. 2-38). control 35S promoter construct VI  promoter
construct V . 2- 38
CCAAT box Construct GUS 35S
promoter 11.3 , , HSE
, construct I construct |
59% , construct Il 12%
TATA box HSE construct
promoter sequence construct V
promoter

OsHSP179 -579 -360

, positive cis- element

3. .
transient assay OsHSP17.9 promoter - 579
sequence (42 )
, 6-7
28- 30 promoter , deletion
constructs binary vector plG121-Hm subcloning
, promoter
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IS activity

(i
{pmol'min/mg of protein)

Fig. 2- 38. Comparison of GUS activity of deletion mutants for the heat shock
promoter fused with GUS cassette after heat treatment.

Lane 1, 2, 3, 4, 5 and 6 represent construct I, II, IIl, IV, V and VI, respectively.
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binary vector

pBl1221 vector - 579, - 360, - 237 - 108 bp promoter

Hindlll  Xbal , binary vector

plG121-Hm CaMV 35S promoter

constructs
2- 39 constructs Horsch (1988) direct
Agrobacterium transformation (freeze-thaw method) A. tumefaciens
LBA 4404 plasmid DNA PCR
constructs A. tumefaciens LBA4404 kanamycin
rifampicin YEP , 4 2
Horsch (1988) leaf disc transformation
(see Fig. 2- 26).
genomic DNA PCR . PCR NPTII
, OsHSP179 promoter GUS primer
Table 2-1
, 2- 40B NPTII
sense antisense primer 0.7 kb
constructs primer
(Fig. 2-40C), primer
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Fig. 2- 39. Construction of OsH SP17.9 promoter constructs.

A. Structure of promoter constructs. For functional analysis of the
promoter in transgenic tobacco plants, deleted OsH SP17.9 promoter clones
has replaced 35S in plG121- Hm vectors. B. ldentification of promoter
constructs. Plasmid was digested with Hindlll and Xbal. M: DNA
digested with Hindlll, Size marker.
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-237
B M WT Transgenic plants sense] — ™
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Fig. 2-40. PCR analysis of regenerated tobacco plants transformed with
OsH SP17.9 promoter constructs.

A. Schematic diagram for PCR amplification of OsH SP17.9 promoter,
NPT Il and GUS gene fragments for identification of transformation. B.
PCR amplification with NPTIl sensel and NPTII antisensel primers. C.
PCR amplification with OsH SP17.9 sense primers, -579 (lane 1-4), - 360

(lane 5- 8), - 237 (lane 9-12) or -108 (lane 13- 16) and GUS antisensel
primers.
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construct | - 587 sense-1 & GUS antisense

construct 11 -360 sense-1 & GUS antisense
construct 111 - 237 sense-1 & GUS antisense
construct VI - 108 sense-1 & GUS antisense

construct V GUS sense-1 & GUS antisense

construct VI 35S sense-2 & GUS antisense

constructs 2 PCR

15 20 line (T O plant)

- Northern blot

constructs
promoter
, total RNA GUS

. HSP promoter

construct

, RNA
25 , 30 42

Northern blot

30 ,
1 )
4-6 ,
6 42 1
total RNA , Northern blot
, 2-41 positive control 35S promoter
30

negative control 0 promoter construct V
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- -
.' - ~ - 18kb

Fig. 2- 41. Effect of temperature on the expression of GUS gene of OsHSP17.9

promoter constructs in transgenic tobacco plants.

T he leaves of transgenic tobacco plants were treated at 25 for 6 h, 30

6 h, or 42 for 1 h, respectively. Lane 1, 2, 3, 4, 5 and 6 represent construct
[, 1, U, IV, V and VI, respectively. rRNA indicates the relative RNA amount

put in each lane.
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Promoter constructs (- 579, -360, - 237 -108 bp promoter)

, 25 construct GUS transcript ,
(Fig. 2-41). 30 1 GUS
transcript ( ). , 30 , 6
- 579 bp promoter construct | 35S promoter
GUS transcript (Fig. 2-41).
construct | ( , )
HSP inducible promoter
42 1 construct |
GUS transcript , -360 bp promoter
construct 1l construct | 35S promoter
GUS transcript (Fig. 2-41).

transient assay

, OsHSP17.9 -579 promoter sequence

HSP
- Chemiluminescence assay
promoter ,
Northern blot heat shock ,
GUS . GUS-Light kit (TROPIX, PE
Biosystems) TD-20/20 Luminometer (DLReady) . 3
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, 2-42 positive control 35S

promoter
, hegative control promoter
construct V GUS
Promoter constructs (- 579, - 360, - 237 - 108 bp promoter)
, 25 construct promoter construct V
GUS . , 3 ,6
-579 bp promoter construct | 35S
promoter 2 GUS , -360, -237
- 108 bp promoter GUS .42, 2
construct | 35S promoter 20
GUS , construct I 35S promoter 8
GUS
transient assay
Northern blot construct - 579 bp promoter
(42 )
( , )
inducible promoter
construct -579 bp promoter sequence promoter
BcHSP174, OsHSP17.9 OsH SP 26 constructs
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Fig. 2- 42 continued.
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T ™

Ratio of GUS activity

-

Fig. 2-42. Ratio of GUS activity of transformed tobacco plants with the
mutated heat shock promoters after heat treatment.

GUS activity was measured with 50 of crude protein of transformed
tobacco plant. The data are presented as mean values of 3 independent
experiments.

A. Ratio of GUS activity of plant treated at 25 for 6 h.
B. Ratio of GUS activity of plant treated at 30 for 6 h.
C. Ratio of GUS activity of plant treated at 42 for 1 h.
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6 vector

5 OsHSP 179 -579 bp

promoter sequence )

promoter ) ,
, promoter
HSP BcHSP 17.4, OsHSP17.9
OsHSP 26 heat shock factor OsH SF 13
constructs pBI1579- HSP17.4,

plG579- HSP17.9, plG579- HSP26 plG579- HSF13

constructs

constructs ,
, (summer depression)
1. vector
4 BcHSP17.4, OsHSP17.9 OsH SP 26
binary vector pBI121 plG121-Hm 35S promoter
vector pBIHSP17.4, pIGHSP17.9 pIGHSP26
6 vector (pBIHSP17.4, pIGHSP17.9 pIGHSP26)
Hindlll Xbal 35S promoter ,
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OsHSP179 -579 bp promoter . OsHSP17.9

promoter HSP vector,
pBI579- HSP17.4, plG579- HSP17.9 plG579- HSP26 (Fig.
2-43 45). heat shock factor OsHSF 13
plG579- HSP17.9 DNA Xbal Sacl
OsHSP17.9 , OsHSF 13
vector, plG579- HSF13 (Fig. 2-46). vector
plasmid DNA PCR ,

promoter HSP/HSF

. Agrobacterium

vector pBI579- HSP17.4, plG579- HSP17.9, plG579- HSP26
plG579- HSF13 Horsch (1988)  direct Agrobacterium transformation
(freeze- thaw method) Agrobacterium tumefaciens LBA 4404
Agrobacterium plasmid DNA
PCR vector

constructs A. tumefaciens LBA4404 kanamycin
rifampicin YEP 4 2
Horsch (1988) leaf disc transformation

(see Fig. 2- 26).
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Fig. 2-43. Construction of the expression vector, pBI579- HSP17.4.

A. Structure of pBI579- HSP17.4. The BcHSP17.4 cDNA was placed
under the control of the the -579 promoter of OsHSP17.9.

B. Identification of pBI579- HSP17.4. Lanes 1 and 2 represent the PCR

products with sense primer (- 108s- 1) and antisense primers, 17.4as- 1
(lane 1) or 17.4as-2 (lane 2). M : DNA digested with Hindlll, Size

marker.
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Fig. 2-44. Construction of the expression vector, plG579- HSP17.9.

A. Structure of plG579- HSP17.9. The OsHSP17.9 gene was placed under
the control of the the - 579 promoter of OsH SP17.9.

B. Identification of plG579- HSP17.9.
M: DNA digested with Hindlll, Size marker.
Lane 1. plG579- HSP17.9 DNA digested with Hindlll and Xbal.
Lane 2: plG579-HSP17.9 DNA digested with Xbal and Sacl.
Lane 3. plG579- HSP17.9 DNA digested with Hindlll and Sacl.
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Fig. 2-45. Construction of the expression vector, plG579- HSP26.

A. Structure of plG579- HSP26. The OsHSP26 cDNA was placed under
the control of the the - 579 promoter of OsH SP17.9.

B. Identification of plG579- HSP26.
M: DNA digested with Hindlll, Size marker.
Lane 1: plG579- HSP26 DNA digested with Hindlll and Xbal.
Lane 2: pIG579- HSP26 DNA digested with Xbal and Sacl.
Lane 3: plG579- HSP26 DNA digested with Hindlll and Sacl.
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Fig. 2-46. Construction of the expression vector, plG579- HSF13.

A. Structure of plG579- HSF13. The OsH SF13 gene was placed under the
control of the the -579 promoter of OsHSP17.9.

B. Identification of plG579- HSF13.
M: DNA digested with Hindlll, Size marker.
Lane 1. pIG579- HSF13 DNA digested with Hindlll and Xbal.
Lane 2: pIG579- HSF13 DNA digested with Xbal and Sacl.
Lane 3: pIG579- HSF13 DNA digested with Hindlll and Sacl.
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HSP26

) genomic PCR
OsHSP17.9 promoter

2-1
sense

constructs

pBI579- HSP17.4
pIG579- HSP17.9
pIG579- HSP26
pIG579- HSF13

constructs 2

15 20 line

. Northern blot

antisense primer

genome pBI579- HSP17.4, plG579- HSP17.9

plG579- HSF13 construct

genomic DNA Southern blot

. PCR NPTI

HSP primer

2-47 50

0.7 kb
primer

primer

- 108 sense-1 & BCcHSP17.4 antisense primers
- 108 sense-1 & OsHSP17.9 antisense primers
- 108 sense-1 & OsHSP26 antisense primers

- 108 sense-1 & OsHSF13 antisense primers

PCR
(T O plant)

, HSP  HSF

, 25 , 30 42 1-6
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construct



A

NPTII anti-
senset —> 4 sense]

. 17.4 anti-
531.221 —» 4— sense?
B Transgenic plants
M WT

12 3 4 5 6 7 &8 9 10 11 12

-4 0.7 kb

-4 0.67 kb

Fig. 2-47. PCR analysis of regenerated tobacco plants transformed with
pBI579- HSP17.4.

A. Schematic diagram for PCR amplification of NPTIl gene or -579
promoter of OsHSP17.9 and BcHSP17.4 cDNA fragments for
identification of transformation.

PCR amplification with NPTIl sensel and NPTII antisensel primers.
C. PCR amplification with - 108 sensel and 17.4 antisense2 primers.

©

Numbers indicate independent transgenic lines.
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Fig.

w

o ST

B Transgenic plants

A

MPTI anti-
EEEET.;H — 4—  sensel

1~m}-m OsHSPI7.9 gene
17.9 anti-

semaal —> 4— ‘sense?

WT
12 3 4 6 6 7 &8 9% 10 1112

-4 0.7 kb

- 067 kb

2- 48. PCR analysis of regenerated tobacco plants transformed with

plG579- HSP17.9.

Schematic diagram for PCR amplification of NPTIlI gene or -579

promoter of OsHSP17.9 and OsHSP17.9 gene fragments for
identification of transformation.

PCR amplification with NPTIl sensel and NPTII antisensel primers.
PCR amplification with - 108 sensel and 17.9 antisense2 primers.

Numbers indicate independent transgenic lines.
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A

P NPT anti-
senset —» € sensel

» NPTII 'I‘anm OsHSP26 cDNA

i 26 antj-
5&1@31 S +— senseld

B Transgenic plants

M WT
12 3 4 5 6 7 8 3 10 1112

-4 0.7 kb

-4 0.65 kb

2-49. PCR analysis of regenerated tobacco plants transformed with
plG579- HSP26.

Fig.

A. Schematic diagram for PCR amplification of NPTIl gene or - 579
promoter of OsHSP17.9 and OsHSP26 cDNA fragments for
identification of transformation.

PCR amplification with NPTIl sensel and NPTII antisensel primers.
C. PCR amplification with - 108 sensel and 26 antisense2 primers.

©

Numbers indicate independent transgenic lines.
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A

NPTII anti-
Sﬁﬁ;—ég—l +— senﬁzq
o ST Y <7 oo ST
sonao —» < HSFas
B Transgenic plants
M WT
12 3 4 5 6 7 B 2 10 1112

- 0.7 kb

-4 0.8 kb

Fig. 2-50. PCR analysis of regenerated tobacco plants transformed with

plG579- HSF13.

A. Schematic diagram for PCR amplification of NPTIl gene or - 579
promoter of OsHSP17.9 and OsH SF 13 gene fragments for identification

of transformation.

w

C. PCR amplification with - 108 sensel and HSFas primers.

Numbers indicate independent transgenic lines.
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PCR amplification with NPTIl sensel and NPTII antisensel primers.



, Northern blot

promoter (OsHSP179 -579 bp

promoter) HSP HSF
25 6 , HSP promoter
: 30 6
42 1
guanidine thiocyanate
total RNA , 5 1.2% formaldehyde agarose gel

specific probe

, 2-51

BcHSP17.4, OsHSP17.9, OsHSP 26 OsH SF 13

25 , 6 '

pBI579- HSP17.4, plG579- HSP17.9, plG579- HSP26 pIG579- HSF13 construct

HSP
promoter
4 constructs
, 42 1
HSF mRNA
MRNA
HSP HSF mRNA
5

bp promoter sequence

promoter

HSF mRNA ,
, 30 , 6
HSP HSF mRNA

4 constructs HSP
, 30 , 6 HSP HSF

, 42 1

promoter
, OsHSP17.9 - 579
HSP HSF

Imw HSP  HSF
T1
(Fig. 2-52).
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25°C  30°C  42°C
NT y 2 1 21 2

A
— - 07kb

B
-« 0.7 kb

C
- 1.0kb

D
L MR wi4kb

Fig. 2-51. Northern blot analysis of transgenic tobacco plants.

Total RNA was isolated from the leaves of wild-type (WT) and
transgenic tobacco plants. T he leaves of transgenic tobacco plants were
treated at 25 for 6 h, 30 for 6 h, or 42 for 1 h, respectively.
Numbers indicate independent transgenic lines.

A. pBIHSP17.4. B. pIGHSP17.9. C. pIGHSP26. D. pIGHSF13.
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Fig. 2-52. Increased thermotolerance of transformants.

Plantlets grown in Petri dishes were incubated at 52 in darkness
for 45 min and subsequently incubated at normal growth conditions.
NT. Nontransformants. TF. Transformants.

A. pBIHSP17.4. B. pIGHSP17.9. C. pIGHSP26. D. pIGHSF13.
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52 45 ,
) 52 wild- type
30- 50%
30- 50%
homozygous line
, T1 heterozygous line , 25%
, 35S promoter 4

35S promoter ,

heat shock Imw HSP
, promoter Imw HSP
, HSP HSF half- life 3-4
: 4-5 , Imw HSP
HSF
TO T1 heterozygous line Imw HSP HSF
homozygous
line , homozygous line , Imw HSP HSF
Imw
HSP HSF homozygous line ,

Imw HSP HSF
vector pBI579- HSP17.4,
plG579- HSP17.9 plG579- HSP26 plG579- HSF13 constructs
Agrobacterium cell line glycerol stock -8

0 stock ,
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(low- molecular weight; Imw) heat
shock protein (HSP) HSP

heat shock factor (HSF) )

HSP
, HSP
Imw HSP HSF
vector , HSP HSF
1.

. OsHSP17.9 - (Oryza sativa L. cv Milyang23) genomic DNA library

, class | Imw HSP OsHSP17.9
OsHSP179 clone DNA 3,147 bp ,

1,021 bp 5 upstream region, 483 bp  full-length
cDNA coding region 1643 bp 3 downstream region
161 ORF (open reading frame)
, 17.925 kDa polypeptide
Southern blot , OsHSP 179 genome 3-5 copy
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Northern blot , OsHSP17.9 38

42 , 45
. OsHSP179 42
, 10
, 30
. OsHSP26 - (O. sativa L. cv Nakdong) cDNA library ,
Imw HSP OsH SP 26
OsH SP26 cDNA 1,026 bp , 239
ORF , 26.639 kDa polypeptide
. Southern blot , OsH SP 26 genome
single copy . Northern blot ,
OsH SP26 39 42
, 45 . 42
, 20 ,
2
. BcCHSP174 - (Brassica campestris L. cv Seoul) cDNA library
BcHSP 174 cDNA 732 bp , 157
ORF , 174 kDa  polypeptide
BcHSP17.4
class | Imw HSP
. OsHSF13 - cDNA library heat shock factor
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OsH SF 13 cDNA 1,377 bp , 353

ORF . Southern blot ,
OsH SF13 genome 2 copy
Northern blot , OsHSF13 28
, 47

2.

HSP

HSP BcHSP 174,
OsHSP17.9 OsH SP 26 binary vector 35S
promoter ,
genomic DNA Southern blot PCR
HSP , Northern blot
HSP
, heat shock

chlorophyll Fo Fv . , Imw

HSP Fo ,
Imw HSP PSII LHCII
Fv/Fm
Fo-/Fm , 52
1/2 wild- type 2
Imw HSP , LHCII
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Imw HSP

wild- type 52 45 ,
, wild-type ,
80%
3.
genomic DNA library OsHSP17.9 promoter
sequence , HSP HSE (heat
shock element) promoter deleted clone
PCR OsHSP17.9 codon -579 bp
construct I, -360 bp construct I, -237 bp
construct Ill, -108 bp construct 1V , promoter sequence
construct CaMV 35S promoter construct VI
, marker GUS
constructs transient assay
Northern blot GUS
promoter
BY-2 (Nicotiana tabacum L. cv. Bright Yellow 2)
transient assay , CCAAT box Construct
GUS 35S promoter 11.3 ,
, HSE . ,
construct I construct | 59% , construct Ill
12% . TATA box
HSE Construct promoter sequence construct V
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promoter

OsHSP17.9 promoter RNA ,
6-7 28- 30 ,
deletion constructs binary vector plG121-Hm
subcloning ,
genomic DNA Southern blot PCR
constructs , 25 , 30 42
GUS Northern blot . ,
positive control 35S promoter 30
, hegative control , promoter
construct V
Promoter constructs (-579, -360, -237 -108 bp
promoter) , 25 construct GUS transcript
, , 30 1 GUS
transcript . , 3 ,6 -579 bp
promoter construct | 35S promoter
GUS transcript . 2 , 1
construct | GUS transcript , -360 bp
promoter construct |l construct | 35S
promoter GUS transcript
OsH SP17.9 promoter GUS
chemiluminescence , 35S promoter
, promoter
construct V GUS
Promoter constructs , 25 construct promoter
construct V GUS
, 30 ,6 - 579 bp promoter
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construct | 35S promoter 2 GUS

, - 360, -237 - 108 bp promoter GUS

.42 2 construct | 35S promoter

20 GUS , construct 1l 35S
promoter 8 GUS

transient assay Northern blot
GUS chemiluminescence , Construct -579
bp promoter (42 )
( , )

inducible promoter

4. vector
OsHSP17.9
-579 bp promoter sequence
BcHSP174, OsHSP17.9 OsH SP 26 heat shock
factor OsH SF 13
constructs pBI1579- HSP17.4, plG579- HSP17.9, plG579- HSP26
plG579- HSF13 . constructs
genomic DNA
Southern blot PCR constructs
, 25 , 30 42 HSP HSF
Northern blot . , 25

pBI579- HSP17.4, plG579- HSP17.9, plG579- HSP26 pIG579- HSF13 construct
HSP HSF mRNA ,
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promoter

4 constructs

, 42 1

HSP HSF mRNA

promoter

52 45

wild- type

T1

4 L
, heat shock

half- life 3-4

promoter

, 30
HSP HSF mRNA
4 constructs

promoter

Imw HSP HSF
T1

heterozygous line

, 6

30- 50%
30- 50%
, 25%

, 35S promoter

Imw HSP

, HSP

, Imw HSP HSF
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35S promoter

Imw HSP

HSF



27%

, 6- 12

1983

45 60
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, (
4 ’
. Agrobacterium
GUS (intron ) (bar) pCAMBIA 3301
, kanamycin , hygromycin
plG121- HSP26 vector AGL1, EHA101, LBA4404
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shoot

LS

callus shoot ,

IAA, NAA BA

MS LS shoot
NAA, BA
, 2-iP, NAA, 24-D MS
callus , callus
6 8

, 05-1 cm 1-2 cm ,

, 0.3, 0.5 cm callus

callus shoot

shoot
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5
3 ( , ) ) NAA, 24-D, BA

8 (sucrose 3%) , MS sucrose 3,

Agrobacterium strain

kanamycin, hygromycin, PPT

, , particle
callus DNA
tungsten 4, 6, 8, 10 cm chamber 15, 20, 25
kgf/cmz (Bioneer ‘Gene gunll’)
. Agrobacterium
3 :0 25 ), (4
02,3, 4,6 ), (3 : O.D = 04, 08, 1.6), acetosyringone
(4 : 0, 50, 100, 200 uM),
shoot
Kanamycin PPT shoot
GUS , genome
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shoot
genomic DNA PCR . PCR primer  bar
(barN:
5'-CACCATCGTCAACCACTAC-3', barC: 5-CCAGCTGCCAGAAACCC -3

, Perkin Elmer P600 92 1 , 60 1,72
1 35 . 1.0%
agarose gel
3
1.
: ( ) ( )s
( ) shoot callus
( H 1 H 1 )
2. callus shoot
4 ( : , , ) NAA, 2-iP,
24-D, BA (
) , LS
2,4-D BA 2.0 mg/l Cll callus
, Cl callus shoot ( 31, 3-1).

callus shoot

callus 24-D 0.2 mg/l, BA 0.2 mg/l LS
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callus , callus

callus callus
3-1. callus shoot
callus callus calar (%) callus
¢ ¢9) green | yellow diameter ( )
NR 55.1 - - -
c NR 48.5 - - -
NR 70.9 - - -
NR 77.2 - - -
29.2 NR 85.7 14.3 6.24 18.45
C 39.3 NR 0.0 100 4.98 8.71
76.4 NR 57.7 42.3 4.34 8.64
76.1 NR 30.0 70.0 4.88 9.49
* 15 2 (3 )
* :C (MS + NAA 05 /¢ +2-iP01 /¢ + 24-D 0.1
/¢ + Sucrose 3%), C (LS +24-D 01 /¢ +BA 01 /¢ +

Sucrose 3%)
* NR (no response)

- 149 -



EEE e b CHPA el SN R
S EEE A 409 o ERE] SR A 409

3-1. callus
shoot IAA, NAA, BA
shoot S,
Sl shoot , shoot multi- shoot
S ( 32 3-2).
shoot multi- shoot NAA 1.0
BA 2.0 mg/l LS (multi- shoot : Slm )
multi- shoot (

3-3).
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3-2.

shoot shoot shoot shoot
@ ) @ )
51.0 4.69 19.20 77.8 2.21 12.80
77.8 4.66 45.58 74.3 4.86 22.35
71.9 3.49 87.45 84.4 12.43 16.14
66.9 1.75 36.20 57.5 2.47 19.67
* S (LS + IAA 0.2 + BA 0.2 + Sucrose 3%)
S (MS + NAAO0.02 + BA 2.0 + Sucrose 3%)
* 15 2 (3 )

* NR (no response)

SR 5 L
HBES AT 400

- 151 -
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shoot




L ALALEL/STm i A
AHM/SIB5) 2S5Imii4e)

3-3 shoot multi- shoot
, 0.5 cm
callus Cl, Cll 1 , 2
Petri- dish
1 callus . Cl Cll
callus callus ,
() callus ( 3-4, 3-5).
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REE B R R
HES{E)HE 00

3-4. 1 () callus

LR e
D S EBEHCFMASE 0n

3-5. 1 () callus
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Lo fig x| 4

L2 10 P ) R P O e e 240010 BT

HEME

o Ay

CIAS + 2410 20t o 1% 2/

3-6. 1 () callus
( 4 , :Cl e )
( 33, 3-4, 3-7), 1-2 cm 0.5 cm
, 1-2 cm 1 callus
( 3- 8). callus Cm2 ,
(BA 10mg/! ) ( 3-5, 3-9).
3-3. callus
C -=> )
e |41 2| 3|45 6| 7| 8| 91011 12
30.4/4.3|17.4/478. 0 | 0O | O | Ol O | O| O O
0.5-1.0 |22.7/18.2/13.6/9.1|13.6/22.7. 0 | O/ O | O | O | O
1.0-2.0 |34.5/9.1/18.2/13.6/4.5/13.6/ O |13.6/9.1/9.1|/9.1| O
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3-4. 1 , callus

Explant 1 Callus Callus type(")
(cm) |size (cm)|( : —-> )|forration (%) B C
1.0-2.0 0.3 1 12.5 28.6 71.4
2 7.9 50.0 50.0
3 8.3 100.0 0
4 13.9 66.7 33.3
10.7 61.3 38.7
0.5 1 4.7 91.7 8.3
2 20.5 100.0 0
3 38.9 100.0 0
4 44.8 92.3 7.7
27.2 96.0 4.0

* Callus type: B, globular; C, cluster

(A) (B) (©

3-7. callus

(A: , B: 0.5-1 cm, C: 1-2 cm)
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3-8. 1 callus
( - )
3-5. callus (%)
(mg/D Callus Callus calor
* -
2,4-D| NAA BA | Compact | Friable | Yellow Greenish Green
yellow

Crl 0.2 - 0.2 66.2 33.8 54.6 31.5 13.8
Cn2 " - 1.0 41.6 58.4 53.5 4.7 11.9
Cn3 " - 0.2 74.1 25.2 61.5 30.1 7.7
Cn4d " - 0.5 55.1 44.9 57.1 30.0 13.0
Cn5 " - 1.0 43.5 56.5 50.6 36.9 12.5
Cn6 - 1.0 1.0 62.4 22.9 1.3 45.2 53,5

: Cml2 (MS medium), Cm3 6 (LS medium)
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D1 | D2 | D3
D4 | D5 | D6
HE e ow o I == I &l
3-9. callus (D1 D6 )
NAA 1.0 mg/l BA 1.0 8.0 mg/l
shoot , 24-D 1.0 mg/l  BA 1.0 8.0 mg/I
shoot ( 36, 3-10).
3-6. shoot
«r)
skect shect skect shect skect shect
MA 24D EA
((ONEE oM ) oM )
10 10| ¢8 ¥2 + €c8 44 ++ g5 ¥2 o+
10 z0| 0 2 o+ €13 4£2 + IO £33
10 40| &8 #40 + &5 H6 + O 14 o+
10 €0 | &5 H1 - &5 4£8 + €8 ¥1 -
10 10| R NR - 1.3 €9 + MR MR -
10 20| R NR - NR NR - NR NR -
10 40| R NR - 1.3 E1 NR MR -
10 €0 MR MR + MR NF- + MR NF- -
8 3 2 )
: MS , NR: no response
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3-10.

( - :NAA 1.0 + BA 10, 20, 40, 80 (mg/l):

NAA 1.0 + 24-D 1.0, 2.0, 3.0, 40 (mg/l))

- 158 -

sucrose 3% shoot
, 9% , 6%
shoot 37, 3-11).
3-7 sucrose
sucrose shoot shoot shoot
@
3 ++ ++ ++ ++ ++ ++
6 ++ +++ ++ +++ ++ +++
9 + +++ + +++ + +++
* . MS , NR: no response
* 1 8 3 (2 )



3-11. sucrose shoot

( - . sucrose 3, 6, 9%)

, ( ) Agrobacterium strain

(EHA101 ) . Agrobacterium

kanamycin 0 200 mg/l (6 ),
hygromycin 0 60 mg/l (8 ), PPT 0 10 mg/l (8 )
kanamycin 150 mg/l, hgromycin 20 mg/l, PPT 1.0 mg/l
( 3-12).
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(A) (B)

(©)

3-12.
(A: Kanamaycin 0, 150, 200 300 (mg/l); B: PPT 0, 0.5 1.0, 1.5
2.0 (mg/l); C: Hygromycin 0, 20, 40 60 (mg/l))

callus,

, callus
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tungsten

(
3-13), Agrobacterium
3-13.
Agrobacterium ( 3-8,
3- 14), , acetosyringone
shoot shoot
2 ( 3-8, 3- 14), Agrobacterium 0.D=0.4
( 39 3- 15), acetosyringone 100 uM
( 3-10, 3- 16), Agrobacterium EHA101
( 3-11) shoot
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3-8. Agrobacterium shoot

Preculture ( ) shoat )
0 6/35 (17.1)
2 15/32 (46.9)
5 14/34 (41.2)
* AGL1/pCAMBIA3301, Agrobacterium OD&O = 0.8, 3

Preculture O 2 5%/ coculthvation 3320

3-14. Agrobacterium
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3- 9. Agrobacterium shoot
7Agrobacterium shoot
) GUS
(CDeO @
2 2/25 (8.0) +
0.4 4 12/25 (48.0) ++
6 12/29 (41.4) +
2 2/31 (6.5) -
0.8 4 7/22 (31.8) ++
6 4/30 (13.3) ++
2 5/32 (15.6) ++
1.6 4 9/33 (27.3) ++
6 16/31 (51.6) +
* AGL1/pCAMBIA3301, preculture 2
3-10. Agrobacterium acetosyringone
shoot
Acetaosyringone ) shoot @
0 15/32 (46.9)
50 7/32 (21.9)
100 17/32 (53.1)
200 14/33 (42.4)
* AGL1/pCAMBIA3301, Agro. 0.8, preculture 2 3
3-11. Agrobacterium shoot
Agrabacterium shoot @
AGL1/pCAVBIA3301 4/22 (18.2)
EHA101/pIG121 7/32 (21.9)
LBA4404/p1C121-CsHSP17 .9 4/25 (16.0)
* Agrobacterium ODE€WO = 0.8, preculture 2 3
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&

5. % g

(A) (B)

Unniltisian 2, 4, &8 7 Agrofectaion (0 < Lh

(©)

3- 15. Agrobacterium

(A: 2, 4,6 |/ OD= 04, B:
0.D= 0.8, C: 2,4, 6 |/ OD= 16)
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Accisyringon 0, 51, 100, A6 oM/ oxculletion 192

3- 16. Agrobacterium acetosyringone

(acetosyringone 0, 50, 100, 200 uM )

Agrobacterium gene gun kanamycin PPT
GUS, ,
shoot ( 3-17-A), shoot GUS
( 3-18), PCR bar
( 3-18), ( 3-17-B).
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(A) (B)

3-17. shoots
(A) : control, : shoots
(B) shoot

3-18. shoot GUS

( : non-transformant : transformant)
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M Transgenic plants Plasmid Control(-)

3-19. Bar primer PCR
( : Agrobacterium - )
6- 12

- 167 -



, LS 24-D BA
2.0 mg/l Cll callus
, 1-2 cm
1-2 cm 1 0.5 cm callus
NAA 1.0 mg/l, BA 1.0 mg/l,
sucrose 6% shoot
callus,
, callus

kanamycin 150 mg/l, hgromycin 20 mg/l, PPT 1.0 mg/|

Agrobacterium

Agrobacterium , 2,
Agrobacterium 0.D.=0.4 , acetosyringone 100 uM
, Agrobacterium EHA101
shoot . Agrobacterium gene
gun kanamycin PPT GUS,
, shoot ,
shoot GUS PCR bar
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heat shock protein (HSP)

HSP heat shock factor (HSF)
, , HSP
promoter
OsHSP17.9 -579 bp promoter sequence
( , )
inducible promoter . -579 bp promoter
BcHSP174, OsHSP17.9 OsH SP 26 heat shock
factor OsH SF 13 ,
HSP  HSF :
: 4 :
shoot ,
callus,

Agrobacterium
Agrobacterium , 2 , Agrobacterium 0.D.=0.4

, acetosyringone 100 p M

, EHA 101 shoot
. Agrobacterium gene gun
shoot GUS PCR bar
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1.

Imw HSP OsHSP17.9
OsHSP179 DNA 3,147 bp , 161

179 kDa polypeptide
OsHSP17.9 genome 3-5 copy
, 38 42 ,
5 . 42
, 30 :

Imw HSP OsH SP 26

OsH SP26 cDNA 1,026 bp , 239
26.6 kDa polypeptide . OsHSP26
genome single copy , 39
42 , 45
42 , 20
, 2 :
Imw HSP BcHSP 174 cDNA
732 bp , 157 174 kDa polypeptide
heat shock factor OsHSF13 cDNA 1,377 bp
, 353 ORF

OsH SF13 genome 2 copy
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’ 28 ’
47

2.
HSP
BcHSP17.4, OsHSP17.9 OsH SP 26
binary vector 35S promoter
. Southern blot PCR
, Northern blot
heat shock ,
chlorophyll Fo Fv
Fo
Fv/Fm 1/Fo- /Fm
52 1/2
2 : Imw HSP
, LHCII
. Wild- type 52 45
, wild-type
80%
3.

- 171 -

HSP

, Imw HSP

wild- type



OsHSP17.9 promoter , heat shock element
promoter deleted clone . OsHSP17.9 -579 bp
construct 1, -360 bp construct I, -237 bp
construct Ill, -108 bp construct 1V , promoter
construct 35S promoter construct 35S
, GUS
BY-2 transient assay , Construct
GUS 35S promoter 11.3 ,
, construct |l construct | 59%, construct Il
12% Construct
promoter sequence construct V
promoter
construct , promoter
RNA , GUS Northern
blot , 35S promoter 30
, promoter construct V
. Promoter constructs
, 25 , 6 30 ,1 construct GUS
transcript , 30 ,6 construct |
35S promoter GUS transcript 4
2,1 construct | GUS transcript
, construct 1l construct | 35S promoter
GUS transcript
Promoter GUS chemiluminescence
, 35S promoter , construct V
GUS . Promoter constructs ,
25 construct promoter construct V
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GUS
construct |
.42 2
GUS

OsHSP17.9

OsH SP17.9, OsH SP26
construct
pIG579- HSF13

, HSP HSF
, 25 HSP
C 42 1
HSP  HSF mRNA

promoter

45 ,

heterozygous line

pBI579- HSP17.4,

, 30 ,6
35S promoter 2 GUS
construct | 35S promoter 20
, construct 1l 35S promoter
GUS
vector

, -579 bp promoter sequence BcHSP174,
OsH SF13 ,
plG579- HSP17.9, plG579- HSP26
constructs

Northern blot

HSF mRNA , 3 ,6
HSP HSF mRNA
4 constructs
Imw HSP HSF
T1 ,
, 52
, wild-type
30- 50%
30- 50% T1
, 25%
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6-12
4
, LS 24-D BA
2.0 mg/l Cll callus
, 1-2 cm

1-2 cm 1 0.5 cm callus
NAA 1.0 mg/l, BA 1.0 mg/l,

sucrose 6% shoot

callus,

, callus

kanamycin 150 mg/l, hgromycin 20 mg/l, PPT 1.0 mg/|

Agrobacterium
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Agrobacterium

Agrobacterium O0.D.=0.4

gun

shoot

, Agrobacterium EHA101

shoot . Agrobacterium
kanamycin PPT GUS,
shoot
GUS PCR bar
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, acetosyringone 100 uM

gene
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