Development of a forage plant tolerant to

summer depression
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SUMMARY
(9 &8 oFF)

Orchardgrass (Dactylis glomerata L.) is one of the most important perennial
grass grown in Korea. It is quite vigorous in growth, rapid in establishment and
rapid recover after cutting or grazing, but susceptible to heat stress. In order to
develop orchardgrass tolerant to summer depression we tried to clone genes
essential in heat resistance and establish an efficient transformation technique. The

results obtained are summerized as follows:
1. Molecular cloning and characterization of heat inducible genes

To screen various kinds of heat inducible genes from orchardgrass, we carried
out mRNA differential display. Twenty partial cDNA fragments showing
differential expression pattern were isolated. Among these, homologs of Hspl0l,
Hsp90, Hsp70, Sti, Hop, Aha, p23, sHspl7.9, sHspl7.8 and carbonic anhydrase
were identified. Northern blot analyses confirmed that the expression of these
genes were induced by heat treatment. To investigate the function of these genes,
we have developed transgenic Arabidopsis that show constitutive expression of the
DgSti and DgAha, respectively. Results from this study will contribute to
understanding the mechanism of heat stress signaling pathway in plants and to

producing transgenic plants resistant to heat stress.
2. Development of plant regeneration and transformation technique of orchardgrass

To develop the techniques for plant regeneration and transformation,
seed-derived calli were used. Potomac has the highest plant regeneration efficiency
among 27 orchardgrass (Dactylis glomerata 1.) varieties imported and three
varieties developed in Korea (Hapsung 2, Jangbeol 101 and Jangbeol 102).

The efficiency of transformation was differed from cultivar to cultivar, that is,



Potomac appeared 129 of transformation efficiency while Amba did 5.5%. The
addition of acetosyringone during co-cultivation was a key to successful

transformation of orchardgrass.

3. Production and confirmation of transgenic orchardgrass plants

To develop transgenic orchardgrass resistant to high temperature, the
pCAMBIA1300PT vector with the Dgp23, DgAhal, DgStil or DgHspl7.8 isolated
from orchardgrass were constructed under the control of the cauliflower mosaic
virus 35S promoter and were introduced into orchardgrass using Agrobacterium
tumefaciens GV3101. Transgenic plants from hygromycin-selected calli of
orchardgrass did not show any morphological difference from wild-type plants.
Integration of each gene was confirmed by PCR and Southern blot analyses with
genomic DNA. Northern blot analyses revealed that the Dgp23 and the
DgHspl7.8 were constitutively expressed.

4. Thermotolerance test of transgenic orchardgrass plants

To determine lethal temperature of orchardgrass (Dactylis glomerata L. cv.
Potomac and Janbeol 102) seedlings grown in a small pots for 4 weeks were
treated at 45C, 50C or 55C for 1 h, respectively. Heat treatments at 60C and 6
5C for 1 h, several plants were withered and showed damage symptom on their
leaves. When the plants were exposed to 70C for 1 h, most of leaves were
severely withered, but it was not lethal conditions for the whole plants.

When the leaf discs of transgenic orchardgrass plants with DgHspl7.8 gene
were exposed to 60T for 50 min, 60~80% of the transgenic plants were survied
compare to non-transgenic plants. This result suggest that the DgHspl7.8

introduced to orchardgrass plant acts as a protector from heat stress in plants.
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1392 dA+717F 5 mRNA differential  display2%-8 X34 ©  cDNA
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0Coll ®¥sksl
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2) mRNA ¢
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Fig. 1. The front view of growing orchardgrass in controlled growth
chamber(A), two week old orchardgrass(B) and heat treatment in

shaking water bath(C)

3) mRNA different display

F F579 RNA Fo M2 2 mRNAVF & Aoz o =5 ox= sampleol A
o] A tE mRNAE YEUA ste WHoRE 2 AFdA= GenHunter/‘}i”J
RNA image kitZ /‘}33}91‘4. Control &3 12 A7 AEAZHEH FF3 total
RNAZ RT PCR3% 3, 59 <929 primer$ 3’9 oligo(dT) primer® thA]l PCR3H
oS 6%9 sequencing geldl Al A7 EstA . AZAIZ] gelS X-ray filmol 73 A
7 g xtol7l 91+ bandel dE3E= DNAZ elutiondte] T-vectorel subcloning
sttt (Fig. 2).
4) Reverse-northern blot analysis& &3 positive clone2| A%+
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probe= Z+Zte]l Al (25, 30, 35 40, 45 50C)H A EA #E 3 RNAE
reverse transcription AlZ]1HA]  FP-dATPZ labelingdt9lith. @& o]  zloli=

exposured film< scanning 3to] Totallab software® densityE &4 35l0] 2E g
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"P-dATP® labeling® 7t719] cloneE< probe® &kl 65ColA 124 7H5 3t
hybridizationd} %1 ©}. Northern membraneg 2 X SSC¢} 1 % SDS £ © 5 washing
3l & radioisotope image reader¢l BAS-readerolA] scanningdte] FHA LIS %

A3t

6) 2Ax=18k2 cDNA librarye] T3
Double stranded c¢DNA ¥4 commercial c¢DNA®A kits AF&3H3

Oligo(dT) primed poly(A+) mRNAS MMLV reverse-transcriptaseS ©|-&3to] 34|
strand®] cDNAZE 3dAl312 RNase H® DNA polymerase 12 &8t double
stranded cDNAE T3t th o2 A w592 DNAE T4 DNA polymeraseE ©]-&
5}o] blunt-end® TSN 2™, EcoRI adaptorE ligationA| 1 ol Xhol© 2 digestion
3l t}S o]E agarose gelS ©]&3}o] size-fractionationdte] 05 kb ool AES
ZAPI vectoro] ligation &}$ith. Ligation® cDNAT lambda packaging extract@

packagingdt & o|& E. coli°l infectionA| A A] libraryE T3+

7) LA=182 cDNA library= % E full length cDNA®2| screening

o x=82~ cDNA libraryE plate@ 50,000 plaque’} ¥ Al LB agar plate®l
platinget ¥, ©]& NC membrane®] blotting3} 1, isotope’} %A ® Ztzte] st
¥ F4AE probe® 3] hybridizationd}$t}h. Film %5 3 positive signal<
Hol= plaqueeS core outdstRom, o]E=ZHF¥H phage solutions H3hA

ExAssist helper phage® in vivo excisiond} it
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111
t

Pomliss a1

Fig. 2. A schematic diagram of mRNA differential display analysis

et @ 5] A7IMES ZA5H] 918k, Big-dye terminator W
o] &3}+= DNA sequencing kit (PE biosystem)Z Al-&3le] Z}zte] #HAE<S PCR
3t 3 urea gel Aol DNAE loadingd}$ith. ABI 377 automatic sequencer® %5 ¥
DNA9 d71449S &)=3lal, Bioedit software® sequencing LHZ FA34Ac
AR F AFdE FAAS HA restriction enzymel = A3k th8 subcloning 3}
o] sequencingdtAY, FAZe] A A E9 9} match® = primerE A 2}3}e] sequencing

sttt
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2) ArE FAAe] FAA T A

Heat stressell 93 2@do] S7bs= st od Fdxa59 545 A7) 9
ko], 253 71U Wl et o=t ~E 40TCAA AIFE (0, 16, 1/2, 1, 2, 6 h=
LA E stk 3 ol FHAS vE 2E# 2 dE vkE&S A7 fls)
o] Abscisic acid (1 x 10° M), NaCl (150 mM), Cold (4T), dehydration (bench$]el
A 71%), Salicylic acid (1 mM), H.Oz (4 mM), Ethanol (7.5 %), 12|31, Ethephone
(1 mM)= 27 Aelste] Azbd s F8sid. 2 A =78 total RNAS #2]3

th, Northern blot &AM o2 o5 FHxe] odE& A

Ho

N

3) @uMde] E coliol A el Wi A B &= e

Wt #d F-4AAZ E coli WolAd ZdAZI7] 9ste] GST-fused protein
expression vector?] pGEX %% % restriction site ¥ reading frame©] 9t vector
£ A A3}y subcloningdt & IEAAH Y cDNAS] open reading frames vector?)
reading frame¥ %3F7] ¢3Fe] ATG initiationo] 3193} oligomersS 4 51of
PCRZ full coding regions 4 U ©]& vectordl =43 t}l. Reading frame}
mutation %= sequencingste] #elsl & ¥ty A AS 3t} Constructs
7F AW E. coliol transformationdt &, LBuIX| o] HZE 3t ODgyo ak©] 0.80] =
f7hA] SAAIZ v, #HE w27 1 mMeo] H A IPTGE H7hsto] wheid o] apakg
< =3t Induction ¥ cell& harvestdlo] Tl & o] soluble fraction®l] &A)sk=
A o}Yw insoluble fractionol E£A3t=AE &3 tlg, thF EA3F= fraction
glutathion sephadex 4B resin® % affinity chromatography3tt}. GST-fusion formol
A ek Gl ETS Faaglstr]l fske] proteasegs A ESEAR S, columnl 25

1

B Aol @ dE Fsted SDS-PAGER #<lstdl

4) Antibody A=

T = SDS Hrjdsoe=m HFT & YT ve APEH=
protein bandE Zgo] electro-elutor (Bio-rad)® &3} 2™, Bradford ' H o &2
gwAdSs AHEE T 150 ol @M AL complete adjuvantel 4 olA E7 e ¥ %
Aol FAFsFA T Boost injectionS 93t incomplete adjuvant®} 432 & E7) 9 15

AdtA o2 3-43] wHE FAS v, E79 A o zHE APt antibodyE

_{
_{
M
ok
L
=
i)
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A

5) Western blot analysis

SDS #7]dFoz dwag EgAZl Fo semi-dry transfer WH o= PVDF
immobilon®] W AS- o] FA]|A THlA plotS A F3IL 6% skim milk blocking
buffer® membranes blockingd}t$ith. Buffer® Zol5+WA primary® secondary
antibody % labeling?d ™2 ECL detection kit (Amersham Biotech co.)® western
blots 3 3}3

a g A

L

o] #AAEE vector 7|

ol
il

oW

i

1) Sense orientationS %= overexpression construct A=

A EAAA 7P AEsittan &z 355 promoterE 7FA pCAMBIA vector &

% restriction enzyme siteZ} A@3st §HR 9 A X F= vectord] FHAE AYAIA

overexpression constructE A %3} ).

2) Transgenic plant & A%

Sense® ™ gk constructE WA electroporation® &2 Agrobacterium®l| transferdt
ol 1509 Agrobacteriumol A <tA3HA £A)5t=AE Southern blot hybridization
o2  EQ3ttl. Transformation®] &A% Agrobacterias  Arabidopsisel
transformationAl At A2 =99 Ik &1 hygromycin resistance=® 3} %] 2.1,
g9l% transgenic plantE©] transferdt sense constructE 7}1A]3 Q=A== o] E
transformantE £ 3-8 223 genomic DNAE Southern blot hybridizationd}o] &<
3l o)e} e ol #HAHL X transgenic plantEZHE] tHA] total RNAS

=

MTor

U

g2]8k %9 sense construct®] transgenic plantE°lA & expression®] 7}g o] ¥

lines A3t

3) Southern blot hybridization
Arabidopsis® ¢ ZAHoFZHXE genomic DNAES #glste] ZH w3 restriction
enzymel & A3l oS size marker®} A A A3 FE o] agarose gelol loading st

of A7|dE3ge. 27 H42 ¥ DNAZ nylon membraneo] ©]% A7 blotg
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E & DNA probeE P& labelingd}4] hybridizationd} %]t}

4) Chaperone activity A}

E coli2 F¥H 59" 449 ual Aol refolding activityE ZAFsH7] $ 81
malate dehydrogenase (MDH)E AF&3tAth. ol o3t oo & {F2A17]7]
2 35Fe] cuvette chamber e &=x4do] 7}53 UV spectrophotometersS 46.5T &
FAAZIT 94 F%= MDHE 10 mM HEPES buffer?t & 3ked 350 nmoll 4] 15
# ~ 20%7%F light scattering #< S43At. 59 T MDHS ¢&FE 3 U
st I GwA S molar ratios WIAIAZI &3k & e Z2A3FAA light

scattering # < =743

ABA AR D FAABIE A

D sAEE R TALS

odETehae] Aels fE D ARFESS 2A] 9@ FAETORE 24
%

AFAoA SHAAYoR HEsT = 0FES FAEY %12 Able, Amba,

o

Ambassador, Benchmark, Condor, Currie, Filippa, Frode, Glorus, Hall mark,
Hay-King, Jesper, Juno, Justus, Kay, Lidacta, Lidaglo, Pizza, Plano, Potomac,
Rancho, Sampson, Sparta, Tna, 7]E}7|=2], o}7v]x=g], 93M, &4 25, ¥ 1013,
A 1028 5ot

eaEEtxe) Ay f W AT EE] FAME 282 vro] ZAS =,
12 AgaM = FoA Z=4e 27%F (Able, Amba, Ambassador, Benchmark,
Condor, Currie, Filippa, Frode, Glorus, Hall mark, Hay-King, Jesper, Juno, Justus,
Kay, Lidacta, Lidaglo, Pizza, Plano, Potomac, Rancho, Sampson, Sparta, Tna, 7]E}
=g, ob7v e, 93M)# Sl SA4ET A 255 AEARR dew, 23
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Aol el SAE 355 (F4 23, ¥ 1015, &d 1023)3% o= =9
<%l Potomace Al AAER sto] AAJs3IH

olE FF9 TAE T0% oleEolA 1 &, 0.1% SDS/HgCly &qlA 15 &, 1%
NaOCl &<l A 523t 253 vy, a2 23] Ao

2) A
Joll 15~20 seeds/plate® X]4F3}o] o Al

A 24~25C9] 2= 7~-1097 Wi ¥, P8 A2l shoott roote A7 s8t
A AEE A2 A 3TN MFE callusE FEstdon, 5 mjAodA 25 3t
o2 Adugste callusE TASATE A FRuiA e 2L MSHIA
(Murashige % Skoog, 1962)2 7] 0 & 3&lo] Table 13 2 ARES H7Msg o

v pHE 582 %Ay

3 Aeze A7) L Aex FHE 24

EFUD 4094 FAE AYS AY2E FE T, 2
Fol, 4ol 2009 67 Fo Aeze =27 R A
2 oA AYs B35S AR AZ F4%e] aE EAHY

SAF 2009l tiek FAE A g5 FALolE R BAS

o mu oy
o oy

i=}
E £
[ S

(=)
o i)
2, o
el o~
fo N

o
2
N
M
o
fu
i
o
£ [:
32
o

4) AEA RSt = 2 oA A

FAAE 478 A9 655 AY2E MSHIA] (Murashige ¥ Skoog, 1962)
7102 sto Table 13 o] A5+ H7lste] pHE 58= =43 A3t &
Al el plate®™ 10704 A7dste] 24 ~ 25T Fx7 tolA Azx7F s wji7hA
2~4F3E et

M

[

2

5) 4EA ARE R AR} BE 2
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Table 1. Constituent for callus formation and plant regeneration

Constituent Callus formation (¢ 1) Plant regeneration (£ ')

Sucrose 30 g 20 g

Sorbitol — 20 g

Maltose — 20 g

Casein lg —

Thiamin 1 mg —

Myo-Inositol 025 g —

Proline 069 g -

2,4-D 2 mg —

NAA — 1 mg

Kinetin - 5 mg

BAP 0.0157 mg —

Copper 1.25 mg 25 mg

Gellan gum 5g 5¢g
6) eA=ete] PAARTE

QA= 1k ﬁéélxdii a&s FAE flste], FA frele]l Ay =s
pIG121-Hm WE 2 A AIA Agrobacterium tumefaciens GV3101S 3-Hl %F3d}o],
50 mg/ ¢ ©] hygromycino] H7+e Aol A FAHE Ae2E Addsta, Adg A

25 N6ujAo] 1 mg/ 22 NAA, 5 mg/ ¢ 2] kinetin, 250 mg/ ¢ 2] carbenicillin ¥ 5
mg/ 2 ¢ hygromycings #7Fs A3t wjx]o] &A AEA AEstE FE3 o,
A A 2&S AR FAHEA 9 #42 PCR % Southern blot
Mo g Felstnt.

(@)

[‘2&

U, 82438 o= gl Ak 9 ghel

1) /\]UZHE_ m 7]131_/_: %E_

2 A AuHdes

rr

=gt~ (Dactylis glomerata L.) 3053 gk 2
A AEsE Al A AEstage] 7MY =Ud (677 A oA 28.0%) Potomac
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S o] &3ttt

Potomac #E¢ TAE 70% ole-ZolA 1, 0.1% SDS/HgCly &<HoA 154,
1% NaOCl & 9ol A 5&1F 253 g, A2 23] Aoyt 25 vpxl T4
£ Ay F5 wiAol 15 ~ 20 seeds/plate® x| AFako] ¢HdEfol A 24 ~ 25T 9 &
T2 7~1097 Wi 5, A% Y 2ol A shoot®t roots A|ASEAL AR HiA R
71 37 M date] callusE frestdon, U wAA 25 AR Adelgst
M callusg FAetAth Al fFemiRe] 2A4de ok o] ARtz Al@elA A

$% 59 wAE g

=

2) A2 2 &4E vector
A1 AFAAZTEY 4F9] A2 (Dgp23, DgAha, DgSti, DgHspl7.8)E &
o} o]E HFHAE pCAMBIAL300PT #E] (12Kb)ell A} %8st

3) DNA % RNA +#3

7}) Plasmid DNA<2] ]

Plasmid DNAE alkaline lysis® (Birnboim % Dolly, 1979)2. 2 #2389t 3 ml
9] overnight cultureE® YA & st T METS 343 v}, solution I (50
mM glucose; 25 mM Tris-HCl, pH 80; 10 mM EDTA)] &E3stAct 2 vol.d
solution II (0.2 M NaOH; 1% SDS)E % 7Fst ths, thAl 1.5 vol.9] solution I (3
M potassium acetate, pH 4.8)5 F7}ste] =33t & 5o 58 AXSA
12,000 rpme2 157 914 e ste] S N& &3 o, phe/chl/iso (25:24:1;
v/v/v) FE& AASATE 2 vol.9] 100% ethanols #7Fske] -80TCelAl 158 X g
o YA E28te] DNA pellets 353t Th 70% ethanol A7 5, & AxAIZ
DNAE "ol Hth

il

) Genomic DNA<9] #¢

A EA ] 9o ZEE cetyltrimetyl ammonium bromide (CTAB)E A}-&3F Murray
2 Thompson (1980)¢] WU O E genomic DNAE 23t ¢ 5 g8 AAdLE
AbgEte] i oo R gk thg, 5 meo] 2xCTAB buffer (2% CTAB; 0.1 M
Tris, pH 80; 1.4 M NaCl; 1% PVP)E 91, 55C9 &2FxolA 1023F 4283
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t}. Chloroform/isoamylalcohol (Chl/iso; 24:1; v/v)S ZH7}ste] AL A 3087 ulgk
gk %, 3000 rpmell A 15%3F H4l FEste] AT s et g s
Chl/iso® ¥ o F&3 v 1/10 volume? 10xCTAB buffer (10% CTAB; 0.7 M
NaChet 1 vol.9] #AdE buffer 1% CTAB; 50 mM Tris-HCl, pH 8.0; 10 mM
EDTA)E #7bstgich 30%7F wwker thf 3,000 rpmellAl 15%3F A4l 2@ 3ske] 3
HAES 34382, 1 M NaCl-TE buffer (1 M NaCl; 10 mM Tris-HCl, pH 8.0; 1
mM EDTA)] =9 t5, 5% isopropanols 7}ttt 3,000 rpmel A 15%7F
AA Byt AAES 3 43o] 70% ethanolZ 23] A Asta, 23y Ax3 & TE

buffer (10 mM Tris-HCI, pH 8.0; 25 mM EDTA)9] *=¢] RNase AE * 23}

t}h) Total RNA®] ¢

2 Eae doZEE total RNASl ##]+ Guanidine Thiocyanate (GTC) =9
(McGookin, 1984)0. = AAatit. o 24 1 g& AALLE ol &3t {23 &%
o=z I3 ©S, 4 me GTC extraction buffer (42 M GTC; 0.5%
N-Laurylsarcosyl; 25 mM Na-citrate; 0.1% antiform A emulsion)® 50 9] @
-mercaptoethanol 2 400 02l 3 M Na-acetate (pH 5.2)5 #7lste] 243 &3gs}
Atk 15000 rpmell A 53F 94 #Este] I HES AlASHAL, phe/chl/iso &5
Aatact AES 343 2 vol9 ethanolS #H7bste] &%Hdk thg, 15000 rpm
4TA 2083 A4 gt JdES 1 e Hagol] &ds] 5 o, 25

A

we 10 M LiClE #71sted, dgo 3087 AXA3h. 15000 rpm, 4= A 1587

11

dlo

o

Al ste A 3] 438to] 70% ethanol® 23] A A s, ALoA] 7%

HAES
DEPCE A &3 "ol =3ith

o

4) eA=etse) g

A=k~ FHAZE Lee 5 (200000 WHS AR WPt AlEsgom,
Horsch % (1984)¢] freezing-thawing W¥H o I
tumefaciens (A. tumefaciens) GV3101°] FAAZANAG. 459 FHA=Z 7zt P4
AeE Agrobacterias AB 3w #] (Chilton 5, 1974)°] =%3F t}S 28T, 44
oA 3Azt widstH Tt FAS 33 acetosyringone (100 uM)o] H7FE AAwW| A
(Muller®} Grafe, 1978)° @& (ODgyo = 0.4)3}e] A =9 7o AL&3A

ex=agrx~e MY AE Agrobacterium AE Ao 208 ol AT ThS,

t
)
PN
E[
_I

WEE  Agrobacterium

)
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acetosyringone (100 uM)©o] H7lE N6 F-sul&ul Ao X|Asle] 28°C, el A 3
A7ZF WSt A E Ay AE 250 me/ 2l o cefotaximed 40 mg/ ¢ 2] hygromycin
of A7t N6 AmiA= 7 25T, el 353 vt b5, AY2E 54
3 Ao R 2537 thA] Ahel sttt Hygromycinle & Awe A A5 1 mg/ /s
o] NAA, 5 mg/# 9] kinetin, 250 mg/ ¢ 2] cefotaxime % 50 mg/ ¢ 2] hygromycin®| %
7FE MS AZ&shiA =R &4 FdAASE AEAY AEsE Festuth AdstE 4
A T2ES H71eHA] &L half-strength®] MS wjA 2 &7 ¥glo &3 A
Al AEARS AFS FES U, 9dd& JE B3, ¥5)&8 g2 o= &
°

A s TE8 T FHddA for gt dFAd3 AT

ox

5) PCR ¥ RT-PCR &4

ARz HEA JorHE R 3 genomic DNAEZ template DNAZ AF-&3}
o Taq DNA polymerase reaction buffer (50 mM KCl; 10 mM Tris-HCI,
pH9.0; 1.5 mM MgCl2; 0.01% gelatin; 0.1% Triton X-100)°] 2.5 mM<e] dNTP mix,
10 pmol®] sense % antisense primers ¥ 1 2 unit®] Taq polymeraseS %7}t
t}. PCR %82 Personal Cycler (Biometra, Germany)ol A 35 cycle2 AA]3}% oM,
1 cycle?2 denaturatione 95CeolA 13#7F annealingg 55ColA  1#7H
extensionS 72TCoA] 1&#7te & st AAstHTE PCR SZAME S 1.29% agarose gel
7195w Flstsl

RT-PCRS $&iAd <oxz=rielse] Qo RRE  guanidine thiocyanate Y89
(McGookin, 1984)2. 2 total RNAE #2]3}%t}h. Total RNAE oligo(dT) primer<}
reverse transcriptase (RT)E o] &3}o] ¢cDNAZE AZAZl t}S PCR W3S 33}
Atk PCRell AF-& % primers Table 29} 7t}

a8

6) Southern blot 4]

A=~ dozRHE CTAB WHW (Murray % Tompson, 1980)2%
genomic DNAE 2|3t th DNA 5 pgs Agar=z dusto] 0.8% agarose gelol
A719 %53 3, capillary transfer ®'H (Southern, 1975) 2 2 nylon membrane®] #
o] Al A}, Membrane< 5xSSC, 5xDenhardt’s solution, 0.1% SDS, 50 mM Na-Pi
(pH 6.5), 0.1 mg/ml denatured herring sperm DNA, 50% dextran sulfate’} 7}€
golo] Al 3A1ZF (42TC) E<F prehybridizationdt ©S, [a-*P] dCTPZ % A¥ probe
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DNAE #7Fste] 122A1%F o] hybridizationd} A t}. Membrane 2xSSC, 0.1% SDS
S (50T)oNA 1083, 28] 0.2xSSC, 0.1% SDSE9 (50C)ol A 1A 5k AlH
g o2, -70Col A 2 ~ 397 X-ray film (Kodak)ell =3 A A},

Table 2. PCR primers used in this study

Target Gene Primer sequence
Dan23 For. : 5'-CGCCATGGATGAGTCGCCACCCGAGC-3’
&b Rev. : 5’-CGAGATCTTCATGGCTTTGCTTCATCCGTGG-3’
DeAh For. : 5 -GAATTCGTCGATCCAGTGATGGAGGAGA-3’
gAha

Rev. : 5'-CTCGAGCTACCTATCTTTCAGCTCCTGCTCA-3’

For. : 5'-GAATTCATGGCCGACGAGGCGAAGGCG-3'
DgSti Rev. : 5'-CTCGAGTTATCTCGTTTGGACTATTCCAGCGTTTAT
GAGC-3'

For. : 5'-GCGGATCCATGGAGGGCAGGGTGTTC-3’

DgHspl7.8
Rev. : 5'-GCGTCGACTCACTCACTAATCATCGA-3’

A=182 (Dactylis glomerata 1.)°] XA AF252E AA37] 98k AFdA A= &
A= et JAAZ Ao HFH o] &3 oo =9EFQ Potomacdt Hul §43
&<l Jangbeol 1025 A @AMFEE TAIRAOH, FAE petri disholl Al TopAlA =}
sHEoel 10 7HAA o] A ate] A lA 4F st Aviarh. AdEe === 207
3} 8AIZEE] hxe] HE dsqh

2 aeuy AAS HSLL ANFEZF= Dgp23 %+ DgHspl7.8 w4
22 @A gy eA=ers FAASJAE TSR 2™, PCR, RT-PCR,

b

rlo

@)
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ot dA e & 45, 50, 55, 60, 65, 70, 75, 80C=E 84 =& FloH, ¢
< 5EHE 60w7HA Sw Ao 124ElE T A 74 2rde AAT
F71oNAM A A ZRe] BEFo] AAjsiglon, AAd AEAe 4 SN

FsheA BHEAE A

7 2% g OAH R dAge AEAE A A &2 gz 34 AA A
FEZol A wikstH A, e & 7A7A wd AF2ALS AAlske], 2bzke] A g
e AEA HHE SeteR wHEsts WHoR AT o] o Ao wE
AEFS AE WA e AAC AHE 12 FAEeH, dAjgd o8& A=A =
& AHE 97 FAEA Y
4) 12=HA HA

FAAZE A Fe LA=182 (Potomac)E A olA AGAIZ ohg, ddd A

ef o] 2o A heat-killing temperatureE FAsl7] sle], dF2S do] 1 em AER
ot

=
, FFxE o&ste] 60TCA 20, 30, 40, 50, 607t LA E AT F

A2 d A7e 2 A

LAl 1T AFIAL Wetad ad s gret S-4AT

ORISR T I

2]

M

1) Differential display

zyzyol &% A (25, 30, 35, 40, 45, 50C)E 3 orchardgrass=%-E total RNAE
FZ3 3 MMLV reverse transcriptase® cDNA TA S &1, o]5S 59 99
primer (AP1~AP32, GenHunter)®t 3¢9 oligo(dT) primer (TunA, TuC, TuG,
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GenHunter)® PCR3F t}&, 6% polyacrylamide geloll A #7193 %39t} Fig. 3¢ %
o] A7Y%E F gelZHE 1 Solxow BdHE DNA bandEL elutiondhol,
PCR amplification(94C/30sec. — 40°C/2min. — 72C/30sec.; 40 cycles)3}it}. ol &
A Ao]z DNAEE Northern blot analysis® 2Fele] 2 A3} false cloneE©o] ¥
7] wEo, B AFAME ol5S ayHoR Ay 98l differential display©l

2 AL DNAE S reverse—northern blot W 2 1# screeningdt & A¥®E DNA

=]

12 Northern blot analysisdle] 112 stressoll ¢]3}ed specificdtAl W& sl= DNA

=
=
5 RSy,

Fig. 3. Screening of differentially expressed DNA fragments (white arrows

indicate the DNA bands induced by high temperature)
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2) Reverse-northern blot analysisoll 93t 11& Eo]Z FxAe At

Differential displayH o2 92 252719 DNA YHES PCR ZFZ A7 & o5
<  dot-blot (Bio-rad) A& ©o]&3e] NC membraned] blottings}%}
Hybridization®l A}-83t probe= Z+7+e] %37 A EA #Z3 total RNAE
reverse transcriptionA Z/H A a-*P dATPZ labelingd}4t}. & o] Fo|:=
exposure® film< scaningd}e] Totallab software® densityS =330 %3
ol w& el o7l =A dEthve FAAES el Fig. 4004 B
wle} o] differential displayE &3] 9 DNA=Z reverse-northern blot
hybridizations 8t A}, 35T 0|42l oA ddFo] F7tst= DNAES o=
grg F7F Ao 2y 50T Aol A, 227 Sekgtel wel 2ol &
7betd DNAEE thAl L@ o] Aasts S 2 5 9t o= 50T o]
<%= A7t A=A¢ cell deaths Ze#iste] DNA % RNASH 22 Fd=2e WA
= xYst7] wele Azket

3) Northern blot analysisel] €3 12 % @] HF
Reverse northern blot analysisE &3k A2}q] o] Ao 13 Al 712 clones
& 18 7 (359 40T) dtellA EolHow I OH, reverse northern blotS

N

rl

el SR DNAS Al 2o odto] wale] FrtE = AS & 5+ AU 2e2d
50C AgT9 A%, BE DNAES 93 reverse transcription levelo] 543 A
S 7] Wi o] &% orchardgrasse] ojA XA & ~EHATY ALsH T
Differential displayE &3 @& oA =}o]7} Y= DNA bandE elution, labeling %
% 1%} Northern blot analysis® A A&t} Fig. 5ol YeERA A3 o] 7] Autd
oAl 7he DNA el reverse—northern blot analysisE =3 413k 7099712 DNA
o Al Northern blot analysisdle] -2 o] S AT o] A3 B AFALE =
16708 FHAEo] A gl ot WA o] Friete= AS &Sl A °]
S pGEM T-vector®l subcloningdle] ©]E©°] 12 Northern blot analysis®} %%1 S
DAFEE e =AE v & gl sith

¢

il

-

¢

4) 9 x=18k~ cDNA library 7-3
L% AYE A & (25C) 35 F 25U M orchardgrass whole plant 30g<
M AL sl A w3k thS guanidine thiocyanate '8 © & total RNAS #g 3k
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% mRNA isolation kit (Qiagen)E A}83}9] mRNAE 31
#2l¥ mRNAZ ZAPI -cDNA synthesis kit (Stratagene)E A}&3}l¢] cDNA library
= =39y, "4, Oligo(dT) primed  poly(A+) mRNAZ  MMLV

reverse—transcriptase®  first strand®] c¢cDNAE 34312 RNase He DNA
polymerasel2 * 2]8}o] double stranded cDNAZE 3$HA st th o8 A ©H=o(x DNA
= T4 DNA polymeraseZ A}8&3}o] blunt-end® WS 1l EcoRI adaptorZ ligationA]
71 Fo XholS & digestiondtil ©]E cDNA spun column® Z size—fractionationd}<]
04 kb ©]4e] cDNAES ZAPIO vectore] ligationst$lth. Ligation® cDNAZE
lambda packaging extract® packaging3dt &, ©]E E. coli°l infectionA| 714 cDNA
libraryE T=3stAth 2 dFxo] 1xdxE AF+7|F &<t differential  display <k
reverse—northern blot analysisE %3l screening?d Wali #&H FH2 @HES [a
~PPIdATP= label? F probe AMg3ted, 7] F5% cDNA library 2 %€ full
length cloneE<S screeningst it * 2ol 25TC9 control TolA harvestdr A=
g8k~ mRNAZE libraryE 753 2 heat stressoll 23] expression levelo] <
7tele FAAES F9 B840 Z screeningdt’] $ste] 25TCoA 253+ ASAIZ
oA=agpA~E 3HToNA 1A 22 A & samplingstSth. 22483 3=
gz 83 mRNAZE cDNA libraryS A3 st o™, +=3% library9 titer
£ 24 A3 65710°pfu/mE UEREE T

5 Wstx #d FA 2] full length clone®] screening

Differential display % northern blot analysis® &3] 92 cloneE9l full length
cloneg z7] $3}o] library screeningS A A3 Th ¢F 50,000 recombinant/plate”}
YA libraryE XL1-Blue MRF' celldl infectionA]Z] ¥, LB agar plate®] platinga}<]
37C incubatoroll Al vl %35} ot Plaque?/] sizeZ7b 1 mmAEE A#S o, library
plateE 4TC WAool 1A 7ol A B#3 F NC membranel & plaqueZ blotting A
ZAY. Probez & UWoln #H HFH1A ©HE megaprime DNA labeling system
(Amersham)2 A48 [a-“PldATPZ labeling 3 <, library”} transfer o}l
NC membrane®] prehybridization bagel]l 2o} 65CoA 12417t F <ot hybridizationA|
Zt}t. Hybridizatione $ membranes A2, AZXA7] 3 x-ray filmel exposured}
o] FAsFA ). Film A9 positive signal$ library plate?} o Z3}e] 3<% = plaque

E< core outd A phage solutions LAtk 23z}t 3= DNA ©HS 7} single
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plaqueE 7] 3], 99 LI WHORZ 23 screeningS PP o Ao
lambda phageE ExAssist helper phageE A}83}4 in vivo excisiond}At}r. o A
AL single colonyES Hl9Fsle] alkaline lysis® W o2 plasmidE #2lstgch &
g3 FAxEY 12 %= 2d o8 = Northern blot analysis® #el3l t}S, 4w
8o & sequencingdle] @71 LE S AAsS

Sequencing 23}, screening® Z+z+e] Wsta FHAELS HsplOl, Hsp90, Hsp70,
small Hsp 59 Hsp family homologE, Aha (activator of hsp90 ATPase), Hop
(Hsp90/Hsp70 organizing protein), p233 #<2 Hsp90 machinery®| cochaperone
homologs, 18] Sti (stress inducible protein)®} carbonic anhydrase®] homologE
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Fig. 4. Reverse-northern blot analysis of screened DNA fragments by
differential display
Blue arrow indicates that DNA expression was increased at high

temperature compare to control (25TC).
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DogHS5-14

DgHS5-21

DgHS13-3

DoHS13-4

DoHS14-7

DgHS5-16

DogHS6-17

DgHS8-8

DoHS8-9

DoHS13-41
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DogHS23-13

DgHS24-16

DogHS25-2

DoHS25-13

DoHS12-22

Fig. 5. Northern blot analysis of DNA fragments which were obtained by

differential display

Table 3. Orchardgrass cDNA library 25 ¥ screening @ Watx ##H FHAA

DNA Si
Gene ¢ S Sequence homology
(bp)
DgHspl01 2,353 Triticum aestivum HsplOlc
DgHsp90 2,740 Oryza sativa Hsp90
DgHsp70 2,243 Lilium longiflorum Hsp70
DgSti 1,937 Oryza sativa stress induced protein (Sti)
DgHop 1,175 Oryza sativa Hop
Danio rerio activator of heat shock
DgAha 48 90 kDa protein ATPase (AHA)
Dgp23 911 Brassica napus p23
DgHspl7.9 633 Pennisetum glaucum Hspl7.9
DgHspl7.8 883 Triticum aestivum Hspl7.8
D c(zg;hcg‘?c;rba?eic 1,728 Hordeum vulgare carbonic anhydrase
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7-}7—.LQ DNAE Big dye sequencing kit A}&3te] PCR% % ABI 377

automatic sequencer® @7IAMES FA AT FHAAS] AV F A Fole= A
restriction enzyme® 2 HwW3lo] subcloningd TS sequencing 3t} o] 49l
sequencing WHozw A& ZzZte] Welu T FHAEL FU|HES NCBI
databasecll A M sto], oW FHA} FAE Ol A=AE S

7V) DgHspl01°] 97144 &4

2o sl EBolHor WHsE FHAE F sequencing A Hspl019]
homolog= 8|3 A4S & o UJgvk 22t o] Fdake] dal Zel7t 2 kbE
W7l wiitel] AA @A7IMLES we| 7] fIske], o8] 7FA restriction enzymel Z et
A ¢F 600~700bp HE9 A7|E Z+ZHS subcloningdle] sequencingdtth EE
sequence dataE Bioedit software AolA  FEI T BLAST search (
http://www.ncbi.nlm.nih.gov/BLAST)S 3 Az, E A%  screeningdt
DgHspl01= "3 (Triticum aestivum)®] heat shock protein 10lc 4=k} 80 %
o]4o] homology7} A= Aoz Yelyth. HsplOl< HsplO0 familyol] <3+

L

224 Arabidopsis® WAA F5el WA fAlm, o FHAAe] WA %k% S
dafolw Age] AAA 447 BY 9 QB offd JFS vAA e A

© 2 (Queitsch &, 2000) ¥3z wF gy E3k yeast®] Hspl00 family?l yeast
Hspl04 deletion mutantol]l Arabidopsis Hspl0lS dE X338, yeast HsplO4dE
complementationst= Ao 2 W3 H T} (Schirmer 5, 1994). A& 7F4 HsplOlo] &4
3t Ao HER 4EL2 dicote! Arabidopsis, soybean, pea, Brassica napus,
tobacco®t monocot®] wheat, maize, rice’} FHH-oltf. E  AFF o] screeningdt
DgHsplOl= 2353 bpel #@71= 4% =, o= A=7bA4 Wexl Hsplo0
family®] FAAE9 =7] (28~3.0 kb) Bt} #Z& Aoz vpebytt} Translationdle]
O£ HsplOOEF} vt Ay N-wwto] Zdd Aoz dlx v} Full length 3

A @7 fstel oel 7 wue FAsa Qe
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GGATCCTATCGCGGCGCACGAAGAACAATCCCGTCCTCATTGGCGAGCCCGGTGTCGGCAAGACGGCCGTGGTGGAGGGGCTCGCTCAGC 90

GSYRGARRTIPSSLASPVSARRPWWRTGS STLS 30
GCATCGTGCGGGGAGACGTTCCGAGCAACCTCCTCGACGTGCGCCTCGTGGCACTCGATATGGGCGCGCTGGTCGCCGGCGCCAAGTACC 180
ASCGETTFRATSS ST CASWHSI WARWSPAPST 60
GGGGTGAATTCGAGGAGCGGCTCAAGGCCGTGCTTAAGGAGGTGGAGGAGGCCGAGGGGAAGGTGATACTTGTTCATCGACGAGATACAC 270
GVNSRSGSRPCLRRWRRPRGR®MS®*=YLFTI1IDETIH 90
CTCGTGCTGGGCGCCGGTAGGACGGAGGGGTCCATGGACGCCGCCAACCTGTTCAAGCCAATGCTCGCGAGGGGGCAGCTTAGGTGCATT 360
LVLGAGRTEGSMDAANLTFKPMLARG® GLTR RTCI 120
GGCGCGACGACGCTGGAGGAGTACAGGAAGTATGT TGAGAAGGACGCGGCGTTCGAGAGGCGGTTCCAGCAAGTTTTCGTGGCAGAGCCC 450
GATTLEEYRKYVEKDAAFERRFQQVFVAETP 150
AGCGTCCCCGACACCGTCAGTATTCTGAGAGGGCTCAAGGAGAAGTACGAGGGGCACCATGGTGTGAGAATTCAGGATCGTGCGCTCGTC 540
SVPDTVSI|ILRGLIKEIKYEGHHSGVRI QQ@DRALV 180

GTCGCGGCTCAGCTCTCGTCGAGGTACATCATGGGTCGTCATCTGCCTGATAAAGCAATCGATCTAGTTGACGAGGCCTGCGCGAATGTG 630
VAAQLSSRY I MGRHLPDIKAIDLVDEACANYV 210
AGGGTACAACTTGACAGCCAGCCTGAAGAGATTGACAACCTCGAGAGGAAGAGGATCCAGCTGGAGGTCGAGCTTCATGCCCTCGAGAAG 720
RvVvaQaLDSQPEETIDNLERIKRIQQLEVELUHALTEHK 240
GAGAAGGACAAAGCTAGTAAAGCTCGGCTAGTTGAGGTAAGAAAAGAGCTGGACGATCTGAGGGACAAGCTGCAACCCCTGCAGATGAAG 810
EKDKASKARLVEVRKELDTDILRDI KLU GPLA QMK 270
TATCGCAAGGAGAAGGAGAGAATAGATGAGATCAGGACCTTGAAGCAACGTCGTGAGGAGCTGCAGTTCACTCTGCAAGAGGCTGAGCGC 900
YRKEKERI DEI RTLKQRREELO OGFTLAQ@EATETR 300
CGGATGGATTTGGCCCGTGTCGCTGACCTCAGATATGGTGCTCTGCTAGAGATCGACGCTGCCATTGCAAAGCTAGAGGGTGAGACTGGC 990
RMDLARVADLRYGALLTEIDAAI AKLEGETSG G 330
GAGAACCTGATGTTAACAGAGACGGTTGGCCCGGAGCAGATAGCTGAGGTCGTTAGCCGCTGGACAGGCATTCCTGTCACTAGGCTTGGC ~ 1080
ENLMLTETVGPEQI AEVVYSRWTSGIPVTRTLSG 360
CAGAATGAGAAGGCGAGGCTGATTGGGCTCTCTGATAGACTGCATCAGAGGGTGGTTGGACAGTATGAAGCTGTCAATGCAGTTGGAGAG 1170
Q NEKARLI GLSDRLHQ@QRY YV GQYEAVNAVGE 390
GCCGTTCTGAGGTCAAGGGCTGGTCTTGGACGGCCCCAGCAGCCTACTGGTTCATTCCTGTTCCTTGGACCGACCGGCGTTGGTAAAACT 1260
AVLRSRAGLGRPQ@QQ@PTGSFLFLGPTG GV GKT 420
GAGCTCGAGCTCGCCAAGGCTCTTGCTGAGCAACTGTTTGATGATGAAAACCTGCTTGTCCGCGTTGATATGTCTGAATACATGGAGCAG 1350
ELELAKALAEQLFDDENLLVRVDMSETYMESAQQ 450
CATTCAATGGCCCGGCTAATTGGAGCTCCACCTGGTTATGTTGGTCATGAGGAAGGAGGGCAACTGACAGAGCAAGTAAGGAGGAGGCCA 1440
HSMARLI GAPPGYVGHEEGGQLTES GV RRTR RTP 480
TACAGTGTCATCCTCTTCGATGAGGTTGAGAAGGCGCATGTAGCAGTATTCAACACTCTGCTCCAGGTTCTCGACGATGGGAGGTTAACT 1530
YsSVILFDEVEKAHVAVFNTLLAOQVLDVDGRLT 510
GATGGGCAAGGCAGGACGGTTGACTTCAGGAATACCGTGATCATCATGACTTCAAACCTTGGCGCAGAGCACCTCCTTGCTGGGATGGTG 1620

DGAGRTVDFRNTVYVI I MTSNLGAEHLLAGMYV 540
GGGAACTCAATGAAGGTTGCTCGTGATCTGGTCATGCAGAAGGTGAGGAGGCATTTCCGTCCGGAGCTACTGAATCGTTTGGATGAGATT 1710
GNSMKVARDLVMQ@KVRRHFRPETLTLNRTLTPDEI 570

GTGATCTTCGACCCTTTGTCACACGAGCAACTGCGGAAGGTCGCTCGGTTGCAGATGAAAGATGTGGCAGTTCGTCTTGCAGAAAGGGGC 1800
V. FDPLSHEQLARKVARLAOQGMKDVAVRLAETRSGE 600
ATTGCTTTGGCCGTGACTGATGCTGCCCTGGATGTCATCTTGTCACTGTCTTATGACCCGGTCTATGGCGCCAGGCCAATCAGGAGATGG 1890
Il ALAVTDAALDV I LSLSYDPVYGARPIRR RW 630
ATCGAGAAGAGGATAGTGACAGAGCTCTCCAAGATGTTGATACGCGAAGAGATTGACGAGAGCTCCACAGTGTATGTTGATGCTGCTCCC 1980
Il EXKR I VTELSKMLIRETETIDESSTVYVDAATP 660
GGCAAGGAAGAGCTGGCCTATAGGGTCGACAAGAACGGAGGGT TGGTGAACGCGCAGACAGGCCAGAAGTCTGATATCCTGATCCAGGTG 2070
GKEELAYRVDKNGGLVNAQTGQ@QKSDTILI1IQQV 690
CCTAACGGGGCTGTCGGGAGCGATGCGGCGCATTCCGTGAAAAGGATGAAGATCATGCAGGACGGTGGAGATGTTGATGACATGGAAGAA 2160
P NGAVGSDAAHSVKRMKIMQDGSGDVDDMEE 720
GAGTAGAAACCACAACGATTGATCTCTTTCTCTAGTTTCAGGTAGTAGGCTGCTGTTCGTTTGTACGAACTGTTTTTGTGCAACTGTCCA 2250

E = 721
AACTTCCTGTTCTGGGATGGTTCGGATGTTTGTAAGGTGAAGCGGGACTGAATGAAATCAAGTATAGGATGCTTGTGTGCTTTAAAAAAA 2340
AAAAAAAAAAAAA 2353

Fig. 6. Nucleotide and deduced amino acid sequence of DgHspl01
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W) DgHsp90®] 7144 &4

2 AFFLE HspI0 family9t homology”t = 2740 bpel DgHsp90% screening
st=d AF3A . Hsp90 familys @ A7FA] Hsp familyE 5 771 7F8 ZH A
AP A L e dfdeln BeE AL Fol & BEH e FHAA7| = st
HAQ7FA w2 Hspd02 FEo|A  steroid hormone receptor, protein kinase,

cytoskeletal proteinE 3} interaction stod, € WAH @A ES BRI I9TS &

goti= Aoz dHA 3 9t} HspdL THoz ~EF o #A3r|E AR FH 2
7hA 2] ®Ware| ostw, Hsp90, Hsp70, Hop, Hsp40, p23o= d#x dldEy}
hetero multicomplexE ©]F¢] multiple chaperone machinery® 2*}&3t= Aoz <&

HA 1 Yt (Harrell 5, 2002, Wochnik &, 2004).

DgHspd02  80871¢]  elrj=itoz Aol glem, wuje] Hspd0d 79%2]
sequence identityS UWEMHATH ®3d BLAST domain search ZA3}, N-Egho
ATPase domain®] &= Aoz yewonw v F Fge Hspd) WA S} FA}
ol =kt 719 Hsp90oll #3k ofe] B % ¥ha| g 5o], Hspd0> ATP 9&
A 7sS FATY. mEbA o] "ol HH 0w Y]esly] fletel A= ATPase

domaino] E4olg & 4 it}

) DgHsp702] @714 E &4
Hsp70S protein folding AT ofyzl M2 FAEE= @] foldingd &t
A w@uESE FellshsEHE #oldth Hsp70 A Hspd0¥ o] whsow

_|_4

chaperone 7]%5& 337]% 3dtx| 9 Hsp90 chaperone multicomplexol] = o3l
Aoz dHA Jgvf. B Aol screeningd, DgHsp702 2243 bpe] A7|Z TAH
o] 9Jom 656702 ofn] =4S encodingdtE Ao & ¥re Xtk BLAST search A3},
Fhdle] A ] Hsp702 70 % 9| sequence identityES WEMAA ™, Hsp702] EA A<
gl N-Ee ATPase domain¥ C-¥¥9] substrate binding region®] <A 3}+=
© 2 eyt o]E Hsp70o] A £2 el substrate2te] 23 2 afg]o] #ojdirie=
S WEha glew, Hsp70 A Hsp90d 22 ATP o4 @jd s AJAr,
5l DgHsp70 sequencet molecular chaperone?]l DnaKet%®= Ao "l $ &2 A

ek

Lo o

5

o
u
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CGGCACGATGCGCAGGTGGGCGCTCTCCTCCGCGCTGCTCCTCGTCCTCCTCCTCACCACGCTCCCCGATCCAGCTAAGAGGCTCCAGGT 90
MRRWALSSALLLVLLLTTLPDPAKT RLA GV 28
CAATGCCGAGGAGAGCAGCGACGAGCTGACCGATCTGCCCAAGGTAGAGGAGAAGCTTGGGGCCGTTCCCCATGGCTTGTCCACCGACTC 180
NAEESSDELTDLPKVEEIKLGAVPHGLSTTDS 58
TGAGGTTGTCCAGAGGGAGTCCGAGTCGATCTCGAGGAAGACCCTCAGGAACTCGGCAGAGAAGTTTGAGTTCCAGGCCGAGGTGTCCAG 270
EVVQRESES SISRKTLRNSAETZKTFETFI QAEV SR 88
ACTCATGGACATCATCATCAACTCACTCTACAGTAACAAGGACATCTTCCTGAGGGAGCTCATCTCCAATGCATCCGATGCTTTGGATAA 360
LMDI I I NSLYSNKTDIFLRETLTISNASDALTDK 118
GATTAGGTTCCTTGCCCTCACTGAGAAGGAGGTTTTGGGCGAAGGCGACACAGCTAAGCTTGAAATCCAGATTAAGTTGGATAAGGAGAA 450
I R FLALTEIKEVLGESGDTAKTLTETILIOQQIl KLDIKEN 148
CAAGATTCTCTCGATTCGGGATAGGGGTGTTGGTATGACCAAGGAAGATTTGATTAAGAACCTTGGAACCATTGCGAAATCTGGAACTTC 540
K1 LSI RDRGVGMTI KETDLTIKNLGTI AKSGTS 178
AGCTTTTGTGGAGAAGATGCAGACTGGAGGTGACCTCAACCTCATTGGGCAGTTTGGTGTTGGCTTCTACTCAGTATACTTGGTTGCTGA 630
AAF VEKMQ@TGGDLNLIGQFGVYGFYSVYLVATD 208
CTATGTTGAGGTGGTCAGCAAGCACAATGATGACAAACAGTATGTGTGGGAGTCCAAAGCTGATGGATCATTTGCTATCTCGGAGGATAC 720
Y VEVVSKHNDIDIKQYVWET SKADGSTFAI SETDT 238
ATGGAATGAACCCCTTGGCCGTGGAACTGAGATCAAGCTACATCTCCGTGATGAGGCTAAGGAGTACTTGGAAGAAGGCAAGCTAAAGGA 810
WNEPLGRGTETIKLHLRDEAKEYLETES GIKTLKE 268
GTTGGTGAAGAAGTACTCTGAGTTCATCAATTTCCCCATTTACTTGTGGGCAACCAAGGAGGTTGATGTTGAAGTGCCAGCTGATGAGGA 900
LVKKYSEFINF®PIYLWATI KTEVDVEVPADTETE 298
GGAATCAAGTGAAGAGGAATCGACCCCAGAGACCTCGGAGGAAGAAGAGACAGAAGATGAGGAAGAGAAAAAACCCAAGACGAAGACAGT 990
ESSEEESTPETS SEEEETEDTETETEIKKPKTHKTV 328
AAAGGAAACTACCACTGAATGGGAGCTTCTGAACGATATGAAGGCTGTATGGCTTCGAAACCCCAAGGAAGTTACCGAAGAAGAGTATGC 1080
K ETTTEWEVLLNDMKAVWLRNPIKEVTETETEYA 358
GAAGTTTTACCACTCACTAGCTAAGGACTTTGGCGACGACAAGCCTATGTCTTGGAGTCACTTCAGTGCTGAGGGAGATGTTGAGTTCAA 1170
K F YHSLAKDTFG GDDIKPMSWSHTFSAETGTDVETFK 388
AGCTTTGCTTTTTGTTCCCCCGAAGGCTCCACATGATCTCTATGAGAGTTACTACAATGCTAACAAGTCAAACCTTAAGTTGTTTGTTAG 1260
ALLFVPPKAPHDLYESYYNANEKSNLTZEKTLTFVR 418
AAGAGTTTTCATCTCCGATGAATTTGATGATCTTCTTCCAAAGTACCTCAGCTTCTTGATGGGTATCGTTGACTCAGACACGCTGCCGCT 1350
RVF Il SDEFDDLLPKYLSFLMGIVDSDTTLTPL 448
CAATGTATCACGAGAAATGCTTCAACAACATAGCAGTCTGAAGACCATCAAGAAGAAACTGATCCGCAAGGCTCTTGACATGATAAGGAA 1440
NVSREMLAQ@Q@HSSLKTI KKZKTLIRIKALDMIRK 478
ACTTGCTGAGGAAGATCCTGATGAGTACAGCAACAAAGAAAAGACAGATGAAGAAAAGAGTGCAATGGAGAAGAAGAGGGGCCAGTATGC 1530
LAEEDPDEYSNKEIKTDEEIKSAMETZKTI KRG QYA 508
CAAGTTCTGGAATGAGTTTGGCAAATCAATCAAGCTAGGTATCATTGAAGATGCTACAAACAGGAACCGTCTTGCGAAGCTTCTGAGATT 1620
K FWNETFGKS SIKLGTI I EDATNRNRLAKTLTLTR RTF 538
TGAGAGTTCGAAGTCAGATGGCAAACTTGTCTCCCTTGATGAGTATATTTCAAGGATGAAGTCAGGGCAAAAGGACATCTTTTACCTTAC 1710
ESSKSDGKLVSLDEYI!I SRMKSGQKD I FYLT 568
AGGGAGCAGCAAGGAACAGCTAGAGAAATCTCCATTCCTTGAGCAGCTAACCAAGAAAAATTACGAGGTTATCTACTTCACCGACCCTGT 1800
GSSKEQLEKSPFLEQLTHKIKNYEVIYFTDFPV 698
TGATGAGTACCTGATGCAATACCTCATGGACTATGAGGACAAGAAGTTCCAGAACGTGTCCAAGGAGGGCTTAAAGCTCGGCAAGGACTC 1890
DEYLMAQYLMDYEDIKKTFQ@QNVSKEGLI KTLTGSK KT DS 628
GAAGCTGAAGGACCTCAAGGAATCCTTTAAGGAGCTGACAGACTGGTGGAAGAAGGCCCTGGACACCGAGGGCATCGACTCGGTGAAGAT 1980
KLKDLKESFHKELTDWWEKIEKALTDTEGIDSVK.I 658
CAGCAACCGGCTGCACAACACCCCCTGCGTGGTCGTCACCTCCAAGTACGGGTGGAGCTCCAACATGGAGAAGATCATGCAGGCACAGAC 2070
S NRLHNT®PCVVVTSKYGWSSNMETIKIMQAROQT 688
CCTCTCGGACGCCAGCAAGCAGGCGTATATGCGTGGCAAGCGGGTCCTGGAGATCAACCCCAGGCACCCCATCATCAAGGAGCTCCGTGA 2160
LSDASKQ@AYMRGKRVYLETINPRHPI I KETLTR RTD 718
CAAGGTTGCCCAGGACAACGAGGACGTGGGCCTGAAGCAGACGGCGAGGCTGGTGTACCAGACGGCGCTGATGGAGAGCGGGTTCAACCT 2250
K vVAQDNEDVGLKQQTARLVYQTALMETSGTFNIL 748
CCCCGACCCTAAGGACTTTGCGTCCAGCATCTACCGGTCGGTGCAGAAGAGCCTGGACCTGAGCCCTGACGCGGCCGTGGAGGAGGAAGA 2340
PDPKDFASSIYRSVQKSLDLSPDAAVETETETE 778
GGAGGTCGAGGAGCCCGAAGTGGAAGAGAAGGAGGCCACCAAGGCGGCAGAGGAGGAGCCAGAGTATGAGCAGTACGACAAGGACGAGCT 2430
EVEEPEVEEKEATIKAAETEEPEYEQYDKDETL 808
GTAGTTGTCTCCTCTTTTCGCTTGTACTCTGCTGTTGTTTGGTCTAGGTGCAGAAGGTGACTGCTGGAAATGTGATGGTTTTGAGGGACG 2520
* 809
TCCATTTTTCCGTGCGAAAACGAAACATGATACGGGGTTTTTTGCCCATGTACCTACCTAGCTTCTTAATGATACTCTAGCTAGCTCAAA 2610
TAGCAGTTTGCCTTGTTTCAGTAGTGCCCTTTTGCACACTTACCGTTTTGATTTTTAACAGTGCTGTAGTTACAGAATGAATAATGGGGT 2700
TCTCAAGGTAGTTCCAAGTTCTAAAAAAAAAAAAAAAAAA 2740

| TPase_o | [ TG0 1
i Hitpli 1

Fig. 7. Nucleotide and deduced amino acid sequence of DgHSP90
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CGCGATTCTCTTTCAGATCTCGAGTTCCAGTTCCGATTTCGTGTTTCGAATCCCCCGTTCGAGCTTAGAGAGGAGGAGGAGATGGCGAAG 90

M A K 3
AAGGGAGGGGAGGGCCCGGCGATCGGCATCGACCTCGGCACCACCTACTCCTGCGTCGGCGTGTGGCAGCACGACCGCGTGGAGATCATC 180
K GGGEGPAIGIDLGTTYSCVGVWAaQHDRVEII 33
GCCAATGACCAGGGGAACCGGACCACGCCGTCGTACGTCGGCTTCACCGACACCGAGCGCCTCATCGGCGACGCCGCCAAGAACCAGGTG 270
ANDQGNRTTPSYVGFTDTERTLIGDAAKNA QV 63

GCCATGAACCCCACCAACACCGTCTTCGATGCCAAGCGGTTGATCGGTAGGCGGTTCTCCGACCCGTCAGTGCAGAGCGACATGAAGCTG 360
AMNPTNTVFDAKRLTIGRRTFSDPSVQSDMKIL 93
TGGCCATTCAAGGTCATTCCCGGCCCTGCTGACAAGCCCATGATCGTCGTCCAGTACAAGGGAGAGGAGAAGCAGTTCGCTGCGGAGGAG 450

WPFKVIPGPADKPMIVVQYKSGETEIKAOQFAATEE 123
ATCTCCTCCATGGTGCTCATCAAGATGAAGGAGATTGGGGAGGCCTACCTCGGCACCACCATCAAAAACGCTGTGGTGACGGTGCCGGCC 540
Il SsSMVLIKMKETIGEAYLGTTIKNAVVTVPA 153
TACTTCAACGACTCGCAGCGGCAGGCCACCAAGGACGCCGGTGTCATCGCCGGCCTCAATGTGATGCGCATCATCAACGAGCCCACCGCA 630
YFNDSQRQATKDAGVY I AGLNVMRI I NEFPTA 183

GCTGCCATCGCCTACGGGCTTGACAAGAAGGCCAGCAGCTCTGGCGAGAAGAACGTGCTCATCTTCGACCTTGGTGGCGGCACGTTTGAT 720
AAAl AYGLDKKASSSGES-KNVYLIFDLGGGTTFTD 213
GTGTCGCTGCTCACCATTGAGGAGGGCATCTTCGAGGTGAAGGCCACCGCCGGCGACACCCACCTTGGCGGCGAGGACTTCGACAACCGC 810
vsLLTIEEGI FEVKATAGDTHLGS GETDTFDNR 243
ATGGTGAACCACTTCGTCCAGGAGTTCAAGAGGAAGAACAAGAAGGACATCAGCGGCAATCCTCGCGCCCTGCGCCGGCTGCGCACAGCC 900
MVNHFVQEFKRKNEKEKDISGNPRALRRLRTA 273
TGCGAGCGCGCCAAGCGCACCCTGTCGTCGACTGCCCAGACCACCATCGAGATCGACTCTCTGTATGAGGGCATCGATTTCTACTCGACC 990
CERAKRTLSSTAQTTI EIDSLYEGIDFYST 303
ATCACCAGGGCTCGGTTCGAGGAGATGAACATGGACCTGTTCCGCAAGTGCATGGAGCCCGTGGAGAAGTGCCTGCGCGACGCCAAGATG 1080
I TR ARFEEMNMDLT FRKTCMEZPVEIKTCLRDAEIKM 333
GACAAGAGCACTGTGCACGACGTGGTGCTCGTCGGCGGCTCCACCCGTATCCCCAAGGTGCAGCAGCTTCTCCAGGACTTCTTCAACGGC 1170
DKSTVHDVVLVGGSTRIPKVQQLLAOGDTFTFNG 363
AAGGAGCTGTGCAAGAGCATCAACCCCGACGAGGCCGTGGCCTACGGCGCTGCTGTCCAGGCCCGCCATTCTCAGCGGCGAGGGCAACGA 1260
K ELCKSTINPDEAVAYGAAVQARHSQRRGA QR 393
GAAGGTGCAGGACCTGCTTCTCCTCGATGTCACCCCTCTGTCTCTCGGCCTGGAGACCGCCGGCGGCGTCATGACGACGCTCATCCCGCG 1350
EGAGPASPRCHPSVSRPGDRRRRHDTDAHTPA 423
CAACACCACCATCCCGACCAAGAAGGAGCAGGTCTTCTCCACCTACTCCGACAACCAGCCGGGCGTCCTGATTCAGGTGTTCGAGGGCGA 1440
Q HHHPDOEGAGLLHLLRQPAGRPDSGVRGHR 453
GCGTGCCAGGACCAAGGACAACAATCTTCTGGGCAAGTTCGAGCTCTCCGGCATTCCTCCTGCTCCCGCGGCGTGCCCCAGATCACTGTC 1530
ACQDQGGAQASSGOQVRALRHSSCSRGVYVPQI TV 483
TGCTTCGACATCGACGCCAACGGCATCCTCAACGTCTCGGCCGAGGACAAGACCGCCGGGGTGAAGAACAAGATCACCATCACCAACGAC 1620
CFDIDANGILNVSAEDKTAGVYKNEKTITITNTD 513
AAGGGGCGGCTCAGCAAGGAGGACATCGAGAAGATGGTGCAGGAGGCGGAGCGGTACAAGGCGGAGGACGAAGAGGTGAAGAAAAAAGTG 1710
K GRLSKEDIEKMYVQEAERYIKAETDTETEV KKKV 543
GACGCCAAGAACGCGCTGGAGAACTACGCCTACAACATGAGGAACACCATCAAGGACGACAAGATCGCCGCCAAGCTCTCGGCCGACGAC 1800
DAKNALENYAYNMRNTI KDDIKI AAKTLSADTD 573
AAGAAGACGATCGAGGACGCGGTCGACGGCGCCATCAGCTGGCTCGACACCAACCAGCTCGCCGAGGCGGACGAGTTCGAGGACAAGATG 1890
K K TI1EDAVDGATISWLDTNQLAEADTETFETDIKM 603
AAGGAGCTGGAGGGCATCTGCAACCCCATCATCGCCAGGATGTACCAGGGCCCTGGCGCGGACATGGGCGGGATGCCGGGCATGGCTGGC 1980
K ELEGICNPI I ARMYQGPGADMGGMPGMASG G 633
GGCATGGACATGGACGAGGATGTGCCGGCGGGTGGAAGCGGTGCTGGCCCCAAGATCGAGGAGGTCGAT TAAGTTCGTCGTGGGGGAGTT 2070
GMDMDEDV?PAGGSGAGPIKTIEEVD =* 656
GAAATCTGAACTGTGATGTTCGTGTCAGTCTCATCGTTTTTAGGTGTTCTGCTGTCTTCCAAGGCCAGGTTTCAGGGGTACTTTGTGATG 2160
GAAGTCTGTATGGCTGCACTCGTGAACTTTGTTCGATTTTACCGGCACTGTACCGGTGTTTGCTAAAAAAAAAAAAAAAAAAA 2243

#N

Fr.of 1

Fig. 8. Nucleotide and deduced amino acid sequence of DgHSP70



2}) DgStiel |71 d &4

Sti (Stress inducible protein) TPR domain (Tetratricopeptide repeat domain)©]
91+ Hop2l yeast homologE A3ttt 18y Sti= Arabidopsis®t soybeano] A %= 8¢
37 wp glom, F2 stressol #HAstE Aoz IHA Al o5 Stiv F=E 3470
4w 5442 TPR domain ([WLF]-X(2)-[LIM]-[GAS]-X(2)- [YLF]-X(8)-[ASE]
-X(3)-[FYL]-X(2)-[ASL]-X(4)-[PKE]) 2.2 FAHo] 9t} TPR domain< bacteria,
yeast, fungi, plant ¥ sEAE FZ=H, 5~67019 tandem repeat= /= o] Sl
t}.

DgStilS 1937 bpe] dA712 FAH glom, 57871¢] ofn =AtS encoding &t}
Rice®] Sti®} 73%, Arabidopsis Sti®t= 60%9 sequence identityE H. R o, 3749
TPR domain®] ¥FE4H region®] AA| sequenceo] ZAA 37-d A3t e, C-

wekel] Stie] SAHR dgol A= Ao YERH

v}) DgHop®l 947144 #4

FEoA 933 Hsp90/Hsp70 organizing protein (Hop)2 Hsp90 chaperone
machinery°l 4 Hsp90¥ Hsp70& AZ3 T IS 31, HspId0e ATPase &4
AAst=E 7]15S st wEbA Hope Hsp902] cochaperone¢| 2t &2 ™, cell ol A
Hsp70°] client protein® ZAg3te] Hspl0e® AEsiFA W, olul Hopol
Hsp70-client protein complexE < Hspd0o 2 ¢l &3t o as woalo)

DgHop< 1175 bpel 9712 FAEHo glow 224719 o} =4S encoding %Ht}.
BLAST search 23, DgHop< riced Sti ¥ Hop¥ 44 %9 &Y 3%k homologyE 4
gidlet. o= AEAW sdd J9&E st FHA7F multicopy® EAsEL Ut
= AS dAEhY, B A= DgStiet DgHopi sequence (8.7 % sequence
identity)7} A& v &= &3, F4}$ TPR domaing 7FA 3 H]s=3 9&8 4
st Aoz FZHH Fig. 10914 B kel o], F71¢ @il d Fhe] conserved
H BEL DgStio] C-2w¢9 TPR domain® DgHopd WFE¥ TPR domainl & 4

>,\(
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GCACGCCCGCCGCCGCCAGAGCTTCCCCCGATCCGATCCGCCATGGCCGACGAGGCGAAGGCGAAAGGTAATGCGGCCTTCTCCGCCGGC 90

M ADEAKAKGNAATFSAG 16
AAGTTCGAGGAGGCGGCGGGGCACTTCACGGACGCCATCGCGCTCGCCCCGGGCAACCACGTGCTCTACTCCAACCGCTCCGCCGCGCTC 180
K FEEAAGHTFTDAIALAPGNHVYVYLYSNRSAAL 46
GCCTCGATCCACCGCTACTCCGACGCGCTCGCCGACGCCGAGAAGACCGTCGAGCTCAAGCCCGACTGGGCCAAGGGCTACTCCCGCCTC 270
AS I HRYSDALADAEIKTVELZ KPDWAKGYS SR RL 76
GGCGCTGCGCACCTCGGCCTCGGCGACGCGGCCAGCGCCGTCGCCGCCTACGAGAAGGGCCTCGCCCTCGATCCCAGCAACGAGGCCCTC 360
GAAHLGLGDAASAVAAYEKGLALUDPSNEA AL 106
AAGGGCGGCCTCGCCGACGCCAAGAAGGCCGCGGCCGCCCCTCCCCGCCGTTCCCCCTCTGGCGGCGGCGCCGACGCGATCGGCCAGATG 450
K GGLADAKKAAAAPPRRSPSGGGADAIGAOQWM 136
TTCCAGGGGCCCGAGCTCTGGAGCAAGATCGCCGCCGACCCCTCCACGCGCGCCTACCTCGACCAGCCGGACTTCATGCAGATGCTGCGG 540
FQGPELWSKI AADPSTRAYLDAO Q@PDTFMQ@MLR 166
GAGGTGCAGCGGAACCCCAGCAGCCTCAACATGTACCTCTCGGACCCCCGCATGATGCAGGTGCTCAGCCTCATGCTCAACATCAAGATC 630
EVQRNPSSLNMYLSDPRMMOQGQVLSLMLNIK.I 196
CAGACGTCCGACGACCCGGACCTGCCGCAGACTTCCTCGCCGCCGCCGCCACAGCAGCCGAAGCCCGAGACCAAGGCGAGGGAGGTGGAG 720
Q TSDDPDLPQTSSPPPPQ@Q@QPKFPETIKAREVE 226
CCCGAGCCAGTACCCGAGCCGATGGAGGTCTCTGACGAGGAGAAGGAGCGGAAGGAGAGGAAAGCGGCTGCCCAGAAGGAGAAGGAGGCG 810
pPEPVPEPMEVSDETEIKERKERKAAAQKTETKTEA 256
GGGAACGCGTCCTACAAGAAGAAGGACTTCGAGACGGCCATCCAGCATTACACGAAAGCGTTGGAGCTTGATGACGAGGACATCTCCTTC 900
GNASYKKKDTFETAIQHYTKALELTDTDTETDTI SF 286
CTGACTAACCGAGCAGCGGTGTACATTGAGATGGGAAAGTACGATGAGTGCATTAAGGACTGTGATAAAGCTGTGGAGAGGGGAAGGGAA 990
L TNRAAVY | EMGKYDETCIKDT CDIKAVERSGR RE 316
CTTCGTGCTGATTTCAAGATGGTTGCAAGGGCACTGACAAGAAAAGGAACTGCTCTGGCTAAACTCGCTAAGAACTCTAAAGACTATGAT 1080
LRADFKMYVARALTRIKSGTALAKLAKNSIKDYD 346
ATTGCCATCGAGACTTTCCAGAAGGCTCTAACCGAGCATCGGAACCCAGACACTCTCAAAAGGCTAAATGAGGCTGAGAAGGCAAAGAAA 1170
I Al ETFQKALTEHRNPDTLIKRLNEAETZKAKHK 376
GACTTGGAGCAACAAGAGTATTATGACCCGAAGT TAGCAGATGAGGAGAGAGAGAAAGGTAATGAGATGTTCAAGCAACAAAAGTATCCA 1260
DLEQQ@EYYDPKLADEEREIKSGNEMMFI KA GQQKYP 406
GAAGTAATAAAGCATTACAATGAGGCTCTCAGGAGGAACCCCAAGGATTTCAAGGTGTACAGCAATAGGGCTGCATGCTACACCAAGTTG 1350
EVIKHYNEALRRNPKDFKVYSNRAACYTHKHIL 436
GGAGCCATGCCTGAAGGTCTTAAAGATGCAGAGAAATGTATTGAGCTAGACCCAACCTTCTCCAAAGGGTACACAAGGAAAGGTGCAATT 1440
GAMPEGLIKDAEKTCIELDPTTFSKGYTRZEKTGA.I 466
CAGTTTTTCATGAAAGAACATGAAAAGGCAATGGAAACTTACCAGGCTGGGTTGAAGCATGATCCGAACAACCAAGAATTGCTTGATGGT 1530
Q F FMKEHEKAMETYQQ@AGLI KHDPNNQETLTLTDSG 496
ATAAGGAGGTGTGTTGAGCAGATCAACAAGGCCAACAGGGGCGATATAAGTCAGGAGGACCTGAAGGAGAAACAGAATAAAGCTATGGCG 1620
I RRCVEQI NKANRGDI SQEDLZEKEIKQNEKAMA 526
GACCCAGAAATCCAGAACATTCTTACCGATCCTATCATGCGACAGGTATTGATGGATTTCCAGGAGAACCCTAGTGCTGCTCAGCATCAT 1710
bPEIQNITLTDPIMRQVLMDTFAOQENPSAAQOQHH 556
CTCAAGGACCCTGGTGTTGCAATGAAGATTCAAAAGCTCATAAACGCTGGAATAGTCCAAACGAGA TAATCAAGCTGCTTCTGTGGGCAC 1800
LKDPGVAMKIQQKLINAGI VQAQTR = 578
TTGTTGGTGCTCTGTTGGGTCGCCCTTCCCGTGTAAACTCTTTATCTCCCCAGTCCGAACTTCCAATGTACGCCATTCTCTGGTTGTTTT 1890
TGTGAGTACAGCTTTCCACACTGTCATTCAAAAAAAAAAAAAAAAAA 1937
—- " —
[ e ] [ mee ] { ST1L ]

Fig. 9. Nucleotide and deduced amino acid sequence of DgSti
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GGGCTGCTGGGCATGGACAGCAGGACGCGGTCAAACTTTTGCTCGAACACAATGCTAAGCCAAACAATGAAACTGCCGATGGTATCACGT
CTCTCTTGTCTGCTGTTGCTGCTGGTTCCCTCCCATGCTTGGAGGT TCTAATCGAGGCAGGTGCAAACCCAAATGTCACTGCGGGTGGAG
CAACCCCATTGCATATTGCTGCAGATAGTGGAAATCTTGAAATGATCAAATGTTTGCTTCAAGCAGGAGGTGACCCAAACACCTCTGATG

M1 KCLLQAGGDZPNTSDTD
ATGATGGATTTAAGCCAATACAGGTTGCTGCATTAAGGGATAACCTTGAAGTCGTGGAACATCTTTTACCATTGACTTCTCCAATCCCAG
DGFKPIQVAALRDNLEVVEHLLPLTSZPI PG
GTGTTTCGAATTGGACTGTTGATGGAATAGTGGAGTACACATTGTCTAAAATGGCCGAGGAGAAGGCGCAAGTAAACGAAGCAGCCAGTT
VS NWTVDGI VEYTLSKMAETEIKAQVNEAASS
CACAGAGACGACAACCAGTTGAGGTTTCACCTGAGGCGAAAAAGAGATCCTTGGAGGCCAAATCCAGAGGTGATGATGCCTTCAGAAGAA
Q RRQPVEVSPEAKKRSLEAKSRGDDATFRR RK
AAGACTACCTAGTAGCTGTGGATGCGTATACACAGGCAATCGAGTTTGACCCGAATGAGGCCGCACTGCATTCGAACAGAAGCCTCTGTT
DYLVAVDAYTQAIEFDPNEAALHSNRSTLT CW
GGTTGCGGGCAGGGCAAGGCGAGCGTGCACTAGAGGACGCGAGGATGTGCCGGGCACTGAGGCCGGAGTGGGCTAAGGGTTGCTTCAGGG
LRAGQGERALEDARMCRALRPEWAKSGT CTFRE
AAGGCGCCGCGCTGCGCCTGCTGCAGAGGTTCGAGGAAGCCGCGAATGCCTTCTACGAGGGGGTGCAGCTCGAGCCGGAGAACAAAGAGC
GAALRLL OGRFEEAANAFYEGVQLEZPENKTEHTL
TTGTGAACGCGTTCAGGGAAGCGGTGCAAGATGGGAGGAAGTTCCATGGGACGGACAAGCCTGCGAATGGTACACAGTCCGAATGAGATG
VNAFREAVQDGRIKTFHGTDI K®PANSGTA Q@S E =
GACAATTGCCGACGAACCGAAGTTGTGCTAGCTGCTTGGATGAGTTGTCTGTTCAGAATGGCATCAACAATCCCTTCTACTTGTCTGCAG
AGTTCGGTTAGAAATTTATAGTTGGGTTTTGCAACTCGATTAGCCCTGTATGGTATGAGTATTTTTACCGTGGTTATCCGACAGAGAGAG
GGAAATCTGAAGCGAGAATATGTGTATTGTGTCAAGTGATGTTACAAATGACCCGTCACGACTCACGAGGGGGAAAAAAAAAAAAAAAAA
AAAAA

Fig. 10. Nucleotide and deduced amino acid sequence of DgHOP
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DgSti  MADEAKAKGNAAFSAGKFEEAAGHFTDA | ALAPGNHVLYSNRSAALAS IHRYSDALADAE 60

DgSti  KTVELKPDWAKGYSRLGAAHLGLGDAASAVAAYEKGLALDPSNEALKGGLADAKKAAAAP 120
D R MIKCLLOAGGD 11

DgSti PRRSPSGGGADA | GAMFQGPELWSK | AADPSTRAYLDQPDFMQMLREVQRNPSSLNMYLS 180
DgHop PNTSDDDG----======-=------ FKPIQVAALRDNLEVVEHLLPLTSPIPGVSNWTV 53

* *

DgSti DPRMMQVLSLMLNIKIQTSDDPDLPQTSSPPPPQAPKPETKAREVEPEPVPEPMEVSDEE 240
DgHop DGIVEYTLSKMAEEKAQVN-----~------—=————-—-———- EAASSORROPVEVSPEA 89

* . AR M *.L . T

DgSti KERKERKAAAQKEKEAGNASYKKKDFETA|QHYTKALELDDED | SFLTNRAAVY |EMGKY 300
DgHop KKR------ SLEAKSRGDDAFRRKDYLVAVDAYTQAIEFD ———————————————————— 123

* . I N N

DgSti DECIKDCDKAVERGRELRADFKMVARALTRKGTALAKLAKNSKDYD IAIETFQKALTEHR 360

DgSti NPDTLKRLNEAEKAKKDLEQQEYYDPKLADEEREKGNEMFKQQKYPEV IKHYNEALRRNP 420
DgHop -—————————=—————— P 124

DgSti  KDFKVYSNRAACYTKLGAMPEGLKDAEKC | ELDPTFSKGYTRKGA | QFFMKEHEKAMETY 480
DgHop NEAALHSNRSLCWLRAGQGERALEDARMCRALRPEWAKGCFREGAALRLLORFEEAANAF 184

%%k Ll % S ) * % L Lk% %L kk I T T

DgSti  QAGLKHDPNNQELLDG IRRCVEQINKANRGD | SQEDLKEKQNKAMADPE IGNILTDP IMR 540

DgHop YEGVQLEPENKELVNAFREAVQDGRKFHGTDKPANGTQSE ———————————————————— 224
DgSti QVLMDFQENPSAAQHHLKDPGVAMK | QKL INAGIVQTR 578
DgHop ---——————————

Fig. 11. Comparison of the deduced amino acid sequence of the DgSti and
DgHop
Stars (%) mark positions of perfectly-conserved amino acids and colons

(:) and dots (.) mark highly-conserved position in the order.
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v DgAha®l 97144 4

Activator of Hsp90 ATPase (Aha)= Hsp909 chaperone machinery©l A binding
parteners2A 7152 3Y yeastol A humanZ}A tstA HE Ho|Adrl Aha:s
Hsp909] 3+ H-#o| bindingsh, AXE7} o} A3t stressE ol Hsp90e] & &ol
A Fk= Absko] W Hsp902o] ATPase activityS EHol5Fo] Hsp90¥ th2 protein?t
9] complexE ©o]F=dH =22 & cochaperone® &4 9] ogts wiFalv)

DgAha= 958 bpel d7|= FAEH dow, 213709 ofn x2S encoding &t}
DgAha: zebrafish® Aha®} 28%, human¥} 26%2] homologyS }ERU T, vl o]

S FENE C-Ede] A BEEo] 9]

CAAATTCCGGCAATCCTCCTCTCCTCCGGGGAAGAAGAAGCCTCTCGATCCTCCGAGAAGCGGAGAGAGCCTCTTCGCCCATCTCCCCAC 90
CCACCCACCCGTTCCCTCCTCCCTCTCGCGCATCGCGCCGCCGGCCGAGAGATCTGTAGCGGGCGAGGGTCGATCCAGTGATGGAGGAGA 180
M EET 4
CGGCGGCGGCGACGGAGACGGTGATGGAGGCCGCGCCCGTGACGGCGACGGCGGAGAAGTCGTCGTACAGGTACTGGGTGCGGGAGGCCA 270
AAATETVMEAAPVTATAEKSSYRYWVREAT 34
CCGGCGACGCGGCCCCGCTCCCCGTCCCCCGAAAGCTCGACGCCGCCGCCGCCGCAGCTGCCGCCAACGGCACCGGCACCGGCAACGTGC 360
GDAAPLPVPRKLDAAAAAAAANGTG GTG GNV P 64
CGCCGGCCCTCGGCTCCGTCTGGAATCAGGCTGGAACATGGGAGGAAAAGAACCTCAATTCATGGGCTACTAGTAGAATAAAGGATTTGC 450
PALGSVWNQAGTWETEIKNLNSWATS SR RI KDTLTL 9%
TGGGTTCTTTAGGTTCATTGGATTTCTCGACAGGGAAGGCATTCATTGATGAAGTGTCTAAATGCTCAGGCGATGCATATCTAGTAACAG 540
GSLGSLDFSTGKAFIDEVSKCSGDAYLVTVI124
TCCGTAATAAGAAGAGAGTGGGGTATAATTATGAACTGAGCTTGAGATTCAAAGGTGAATGGTTAATCAAGGAAGAGCAGAAGAAGGTCA 630
R NKKRVGYNYELS SLRFKGEWLI KETET QKK V T 154
CAGGACATATTGACATCCCTGAGTTCTCATTTGGTGAGCTTGATGACCTAGAGGCAGAAGTAAGATTTACCGATAGCCTTGAATGGGATG 720
GHIDIPEFSFGELTDDLEAEVRFTDS STLEWDE 184
AGAAGTCACGGATCGGCAAGGATGTGAAATCATTCCTTTCACCTATCAGGGAGAAACTGCGCACGTTTGAGCAGGAGCTGAAAGATAGGT 810
KSRI GKDVKSFLSPIRE-KLRTFEAGQETLIKTDR = 213
AGACAATGTTTGTGAGAGTAGCCGAGTAATGGGCGGTTTTTCCTGGTGTTCAATGTCATTCTTGTAACTTTGTTCTTTAGTGTCTGATTA 900
AGCAATGCTGTCAAGGACTTTCATATCCTCAAAAAAAAAAAAAAAAAA 958

Fig. 12. Nucleotide and deduced amino acid sequence of DgAha
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Ab) Dgp23°] 47194 &4

ZE2A A p23-& Hsp90 cochaperone®  Hsp90# A ste] e ATz
o] foldingell #oist= Ao F551 gt 524377}]]9] AT = p232 HspI0<]
ATPase activity’7} 1+ N-#dhol bindingst Aoz &
ob#l Whs] WA A eFal vk HT A=l 15 F=A% 22 Hspd0 AF# & 7]+
b EAskE Aow WA Pont obx p23e] wE of gk ojygt o] wh o
g A= de HoldA erh

2 A2 orchardgrass cDNA library25-E 1180 Eojzxo=z 33}
Dgp23 homologZ screeningst 1 2™ sequencing 23}, Dgp232 911 bpel d71& +
AElo] 9low 180709 amino acidE encodingdlE Ao 2 YERNtE BLAST
database search 23 x| p23 homolog®} 55% 18] 1L Arabidopsis® p23 homolog
9}= 47%9] sequence identity7]- J= Aog yeiutth AR A EA A wEH I
p23 homologE 2 ool Awgh 7 AE#olm o2 71 752 A8 WAA &

At

Az Qo 1 e

med

rir

o}) DgHspl7.89 7144 &4

Hsp familyE % 7} 22 molecular weight®] small heat shock protein (sHsp)
B2 EE AE T ZA #& BHEH e @¥WlA=R Hspsol 7ML AeE
chaperone 7]5°] ©E& HspEERUY =& ZHo=z AdHA Ju}. o= sHspeEIHe
heterocomplex oligomerization®l] 2] & ﬂ%x—i 2 200~800 kDaZ7}A] multi protein
complexZ ©|F9], substrate’} binding & & U= FH7F 5oy WFolg F=
t}h. =3 sHspESole 38540 ® a-crystallin domain®] 921, ©] domain©]
chaperone activityE Zd3t= Aoz de A St

Orchardgrass cDNA library 258 83 DgHspl7.82 883 bpe d71Z TAE
o] 9o 184719 o}n =4S encodingdttl. BLAST search 23}, wWd o] sHspl7.8
 79%, 259 sHspl8¥+E= 67%¢ homologyE WEFW AT =3 12 sHspEH

o] o] g el Z7F B Eo = a-crystallin domaine] ZF ®E¥ o] ATt
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CCCAGTCAGACTCCAAACCTTAGCACCTAGATCCCCACGCAGGAGGAGAGGCGAGTCTCGCGTCCGGAATTCCGAAGAGCAAGCATGAGT 90
M S 2

CGCCACCCGAGCACCAAGTGGGCGCAGAGGTCCGACAAGGTGTACTTGACCATCGAGCTCCCTGACGCCAAGGATGTGAAGCTCAACTTG 180
RHPSTKWAQRSDI KVYLTIELZPDAKTDVKTLNTL 32

AAGCCTGATGGCCATTTCAACTTCTCGGCAAAGGGCTCTGATGATATGCAGTATGAGCTTGACCTTGAGCTCTTCGATGCTGTCAATGTT 270
KPDGHTFNFSAKGSDDMOQYELVDLELFDAVNYVY 62

GAGGAGAGCAAGGCAGCTGTCGCCCCGAGGACTATATGCTACCTTGTCAAGAAAGCTGAGAGCACCTGGTGGCCTAGGCTGCTAAAGAAG 360
EESKAAVAPRTICYLVKIKAESTWWPRLILKK 92

GAAGGCAAGCCACCTGTGTTCCTGAAGGTTGACTGGGACAAATGGCAAGATGAGGATGATGAAGATGCTGGATTTGGTGGTGACTTTGGT 450
EGKPPVFLKVDWDIKWOQDTEDDTEDAGTFSGGDTFG 122

GATATGGATTTCTCGAAGCTGGGCATGGGAGGTGATGACGGTGATGAGATTGAGGAGGATGAGGATGAAGATGATAATATGGTTGACAGT 540
bDMDFSKLGMGGDDGDETI EEDEDEDDNMVDS 15

GCTAACAAAGAGGTTGAAGACGTCAAGCCAGAAGGGAGCAAGGGAGAGGAAGCTCCAGCAGCAACCACGGATGAAGCAAAGCCATGAAAA 630
ANKEVEDVKPEGSKG GETEAPAATTDTEAKTP = 180

ACCTGGAGGCAATCTCCATCCATGCCTTCTTTGTAATGATCACCAGATCTCTTGGTTAGATGCTACGTAGATTTTTGGTGTAATTCTGGA 720
GAATGGATCACTGCCGGTAGATGTGGTGTTGGAGCTTTTGGCTGATACTTGCGGGCTATTGTTAGTACTACCTGACGGTACTATCTTTAT 810
AATCGCTAGATATTCTGGATTCTGCTATTGTGGTCGGCATATGCATATGGTTTAGAAAATAGTTATGTCCTGTTTAGCCCTGCAAAAAAA 900
AAAAAAAAAAA 911

e PN Sl —_— . FE———

Fig. 13. Nucleotide and deduced amino acid sequence of Dgp23
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CTACAGATCAACAATCTAACGCATTCCAATTCGCAGAGATCCTCGATCACAGAGCGAGCCAGCAAGAATGGAGGGCAGGGTGTTCGGGCT 90

M EGRVFGL 8
GGAGACCCCGCTGATGACGGCGCTGCAGCACCTGCTGGACATCCCGGACGGCGAGGCCGGCAACGCCGGCGGCGAGAAGCAGGGCCCGAC 180
ETPLMTALOQHLLDTIPDGEAGNAGGETZ KU QQ@GPT 38
GCGAGCCTACGTCCGCGACGCGCGCGCCATGGCGGCCACCCCGGCCGACGTGAAGGAGCTGCCTGGCGCGTACGCGTTCGTGGTGGACAT 270
RAYVRDARAMAAT®PADVKELZPGAYAFV VDM 68
GCCGGGGCTCGGGTCCGGCGACATCAAGGTGCAGGTGGAGGACGAGCGGGTGCTTGGTGATCAGCGGCGAGCGCCGCAGGGAGGAGAAGG 360
PGLGSGDI KVQVEDERVLGDA QRRAPAQGS®GESG 98
AGGACGCCAAGTACCTGCGGATGGAGCGCCGGATGGCAAGCTCATGCGCAAGTTCGTGCTGCCTGAGAACGCCGACATGGAGAAGATCTC 450
GRQVPADGAPDGKLMRKTFVLPENADMETKI S 128
CGCCGTGTCCCGCGACGGCGTGCTCACGGTGTCTGTGGAGAAGCTGCCGCCCCCCGAGCACCAAGAAGCCCAAGACCATCCAGGTTCAGG 540
AV SRDGVLTVSVEKL®PPPEH QEAQDHPGS G 158
TTGCCTAAGATGGAGAACCAGAGGACTTCCTGCACGTCCAATCGAAGCTGAGTTGGTAGTGATCTCGATGATTAGTGAGTGAGTCTCCTG 630
CLRWRTRGLPARPIEAELVV I SMI SE = 184
TGGTTAGTGTTGCGTCTGTGTTTCGTTCAGGCATCTGCTGGTAATAGTGTCTGAGACTCCGAGTATGTTGTGTCGGTTTGTGATTGTGTT ~ 720
CCGTCAATCGAAATGCGGATGCTTTCTTGTCTGAAGCCACATTGTTTTCGAGAATTTCAAGAGCTCATATTTCTCTTCAAAAATTTGATT 810
TTTACAAATTAACCGGATATAAGATCATAACATGAGGGGATATTTCTGCAGAAAAAAAAAAAAAAAAAAAAAA 883

alpha—crgatallix

Fig. 14. Nucleotide and deduced amino acid sequence of DgHspl7.8

Z}) 71€} heat inducible genes

Ag7tA AR et i FAAE ojfdx, & A4S F FdA Aot
1728 bp (Fig. 15)¢1 carbonic anhydrase homolog®} 633 bp(Fig. 16)¢] sHspl7.9
homologE  screeningd}$1th. Carbonic anhydrase homolog® A% a9 carbonic

anhydrase®}, sHspe 7% pearl millet®] sHspl7.99} ¥ homologyZS YEF ST}
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GCCTACTGCAAGATCAAGTACTCCGGTATTGGGTCAGCCATTGAGTACGCCGTGTGTGCTCTCAAGGTTGAGGTCATCGTTGTGATTGGCCACAGCCGCTGCGGTGGAATCAAGGCACTC 120
CTGTCACTCAAGGATGGCGCAGACGACTCCTTCCACTTCGTCGAGGACTGGGTCAGGATCGGGTACCCTGCCAAGATGAAGGTGAAGAGTGAGTGTTCCTCGTTGTCTTTTGATGACCAG 240
TGCGCTGTCTTGGAAAAGGAGGCCGTGAACACGTCCCTCCAGAACCTCACCACCTATCCGTTTGTCAAGGAAGGTGTGGCCAACGGAACTCTCAAGCTCGTCGGCGGACACTACGACTTC 360
GTCTCCGGCAAGTTCGACACATGGGAGCTGTAAATCTTCCCATCGGTTAACTTCTACACATACATACGTATACATACGTACATATACCAAGATATTGTCCGACCAACCGATCCACGTGGA 480
TGCAGTGCCAGTGCCATGGAGTTCGTGCTTGTTATTTTGCAGTGCTGAATGCGGGATGGCTCGATGTGAATTTGTAATAAGCCATAGTTGGTTCTACCATTTTCTGACGCCCGGTTGTAT 600
GTGTGATGCATAAATTGATCTTCCTGTGATCAAAAGACATCATATATAAATATTTTCAATAATATTATCACGAAGAGTTTACCTTTTGAAAAAAAAAAAAAAAACCTCGTGCCGTTAGCA 720
CCTAGATCCCCACGCAGGAGGAGAGGCGAGTCTCGCGTCCGGAATTCCGAAGAGCAAGCATGAGTCGCCACCCGAGCACCAAGTGGGCGCAGAGGTCCGACAAGGTGTACTTGACCATCG 840
AGCTCCCTGACGCCAAGGATGTGAAGCTCAACTTGAAGCCTGATGGCCATTTCAACTTCTCGGCAAAGGGCTCTGATGATATGCAGTATGAGCTTGACCTTGAGCTCTTCGATGCTGTCA 960
ATGTTGAGGAGAGCAAGGCAGCTGTCGCCCCGAGGACTATATGCTACCTTGTCAAGAAAGCTGAGAGCACCTGGTGGCCTAGGCTGCTAAAGAAGGAAGGCAAGCCACCTGTGTTCCTGA 1080
AGGTTGACTGGGACAAATGGCAAGATGAGGATGATGAAGATGCTGGATTTGGTGGTGACTTTGGTGATATGGATTTCTCGAAGCTGGGCATGGGAGGTGATGACGGTGATGAGATTGAGG 1200
AGGATGAGGATGAAGATGATAATATGGTTGACAGTGCTAACAAAGAGGT TGAAGACGTCAAGCCAGAAGGGAGCAAGGGAGAGGAAGCTCCAGCAGCAACCACGGATGAAGCAAAGCCAT 1320
GAAAAACCTGGAGGCAATCTCCATCCATGCCTTCTTTGTAATGATCACCAGATCTCTTGGTTAGATGCTACGTAGATTTTTGGTGTAATTCTGGAGAATGGATCACTGCCGGTAGATGTG 1440
GTGTTGGAGCTTTTGGCTGATACTTGCGGGCTATTGTTAGTACTACCTGACGGTACTATCTTTATAATCGCTAGATATTCTGGATTCTGCTATTGTGGTCGGCATATGCATATGGTTTAG 1560
AAAATAGTTATGTCCTGTTTAGCCCTGCATATTATGTTACTACCTCCGTATGTTACTAGT 1620TTATTGCGTTGTACGAGAAACCGGGATTGCACACTCTGTGTACACTGTACATGCA 1680
GCTGTAGTTACAAACTTGCTAGTTCTAATATAAGCTAAAAAAAAAAAAAAAAA 1728

Fig. 15. Nucleotide sequence of Dg carbonic anhydrase

CAGCAGCGGCAGCCTCTTCCCCTCGTTCCCGCGCACCTCCTCCGAGACCGCGGCCTTCGCCGGCGCGCGGATCGACTGGAAGGAGACCCCCGAGGCGCACGTGTTCAAGGCCGGACGTGC 120
CGGGGCTGAAGAAGGAGGAGGTGAAGGTGGAGGTGGAGGACGGCAACGTGCTGCAGATCAAGCGGCGAGCGGAACAAGGAGCAGGAGGAGAAGTCTGACACCTGGCACCGCGTGGAGCGC 240
AGCAGCGGCAAGTTCCTCCGCAGGTTCAGGCTTCCGGAGAACGCCAAGGCGGAGCAGATGAAGGCTTCCATGGAGAACGGCGTGCTCACCGTCACCGTGCCCAAGGAGGAGGCCAAGAAG 360
CCCGAGGTGAAGTCCATCCAGATCTCCGGCTAGACGTCTGCTGCTTGGAACTTGAGGTTCGATTCGCTTTTAATCAGAGCCTGTAACAAGTGTTGATTTGGGTCAGTGTCGAGTGTCGAA 480
TGTGTTCCGTTGTGTCCTGTCCAGTGCTATGTTCATCGTGAGTGTCCTGTATTGATACGGAGTGTCGAGCCTGAACTCTGTTACTATATACACTTCTGTACTGGTTAAGCTTGATTNCTA 600
GCGGAGCAATTCTTCTAAAAAAAAAAAAAAAAA 633

Fig. 16. Nucleotide sequence of DgHspl7.9
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2) Adre FAxte] BAAYESH E4AF

Orchardgrass cDNA library 2% E] screeningd Wslil ## FAAEL EAS
AFst7] fste] oy 7FR| %A 2], hormone 18|31 & stress e E 3 &
22858 RNAZ F%3}lo] Northern blot analysisE <33} t}.

7V) DgHspl0I

Hspe & AEdA 71 AF7F @o] dd familyQl Hspl002 3129 Fo]& o
2 ¥ sts fd Aot Differential displayS E3te] 23 DgHspl0l partial
DNAZE probe® 3 Northern blot ¥4 23} o] FAA= 35T 40T L2 g o
osle] wE o] FrlslE Aoz AFFHAT cDNA library Z4-F screeningdt 2.3
kbl N-terminal truncated DgHsplOl& probe® Northern blot analysisE <33t
Adp, 40TColA AR AgsidS 4 Ag 1058 da kel F7hstr] AlAbst
o] A7 F 1A 7 AeA Bdsgen 1 olF HA irdE Aoz vE
Stk Wb A2 stress (4TC)ell &gk ko] Wste WEE o glloew, A57A
HuEXA 2 salt stress (NaCl)$} Abscisic acid (ABA) A gldl 9Ja &d o] tha
S7tste Ao YErskth
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Fig. 17. Northern blot analysis of DgHspl01
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) DgHsp90

DgHsp902 Y& heat shock geneE ¥+ €3 25T A2oA% thao udol
HEHAT. 35T Il s ol Hlete] LA ] ol 7hst 4
0CHE = Ax s 2=A8 Azt W& DgHspdoe] #d e wst= A
o dojyA] Fdtt. o= Y2 Hspeo] heat stressol 93] FE¥HE= A=
Aol &= & 3ste] Hsp90 signal transduction networks A dhaL
o8 FZHu AEZ7F Au stress F&Fol =FFHW AZU ROS
(Reactive Oxygen Species)”} F7FatAl ¥ ™, o]= AEE apoptosistt necrosis®
gk A g L2 stresste o9k FAREE AEE AF Aolgt Az, o9 2
< stress7b FoR S AT, A Hsp familys Fol o149 proteine] #&at= AY
74?7 MEY ROSS %S & AlZE el S7FAI 71+ hydrogen peroxide (HoO2)E *
289 S 49, 98] Hsp familyE < Hsp90¥} Hsp709] @& I F7hsk= Aol 3
ZE ATt o5 G AET cell death®te] #A= ¥ ATHoloF & Flojth
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Fig. 18. Northern blot analysis of DgHsp90
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o) DgHsp70
DgHsp70& DgHsp903 7+o] 25T 9] oM ofatA L& F et FAF2 e
A sl M= a2 AEHS @RS ofyARE °FEe] chaperone activityol ¢} g

[e]
o}
protein foldinge] Fd}t Ty 1L 2EHAE HS A AN AFH<

BN

protein folding 7]°s< A4 ¥ 1 chaperoneol 2|3 folding 715 °] AAsA F713HA
fct. webs Hspdost Hsp709) 2%, A4z06M%E da dadsel 7% f4a
v Aew HelY 12 AAl BT/HA AEHH 0w B Fo] Tkl on, 40T
M dA F 27 A dE@Fo] Fhsttirh o] & 7HAskgith DgHsp70e Eols)
Al ethanol®] Ao ojaf ZetA wao] FFeA 2™, hydrogen peroxideo] ©]afA

O ddHE Zow yeuith Wb, o stressoll oJEiAE 2 Aolgs #EE
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Fig. 19. Northern blot analysis of DgHsp70
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2}) DgSti

a2 E (35T 40C)el kel DeStizh ZskAl EaA AT 40TAA = EAE
T IAA ] FASA dEAE o] 24t ol A AskA EEEHAoY 1 olF F4
3] 7FAsdnk o] AR DgSHE stress x7]dE B A L= AAY Holw, A

m

g ol AL AHFE ASdd 7es ste AoE FH
inducible protein®] ko] ol EF& 1L DgStiel A, 1L o]9 9]
A= dbg g x) A salt stress@t drought stressoll o] &te] wa go] 03] AL

ok ol AXE7A B Stief DgSties L 7150 tE & AL

(o
ftlo
o
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>
o
i)
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Fig. 20. Northern blot analysis of DgSti

wh) DgHop

A o]
Atk DgStish v7EA R 212 o]9] o] AEF L o= Al Aol wEd
T Ak
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Fig. 21. Northern blot analysis of DgHop

vl DgAha

DgAha2- 35C%F 40T ¢ 12 Aol sl ZstAl TAHA o™, 40T 2 A
g F 1AA 7HE AetA LdEd o 6A7F o] Tk o =AE o] A&E
Atk ABAC] 93 w3o] 2AEE Ao YEyom tE stressol A= o
g3k vistdds #FE F AATh

AV Dgp23

Dgp23& 35T mAHgel 93 ddHo] FrretRer, thE high molecular
weight HspEoll vl3l]l €A & 10& ool m=ZA ddo] F7istadvh. =3 ABA
o} salt A efell olal] ofstA LA o] F7stA 2, cold stressell oldiA = 23]
Fagays Sele s
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Fig. 22. Northern blot analysis of DgAha
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Fig. 23. Northern blot analysis of Dgp23
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o}) DgHspl7.8

o2 AdEA Hspeol H3&] Dgp233 7o Aijygdoz 22 sHspl DgHspl7.8
5 32 g & w27 induction® Ao, 35T 1 A os] 7H wWo] =3
Hah. Kuos (2000)2, sHspel 749 ethanold] <93 wWdo] fFEyHW, A&
thermotolerance %  ethanol toleranced] %83 A& Il HIFH
DgHspl7.8% ethanolel o3 ZstAl Zd¥ v & stressell o3k WA= Aol
= #Ed = gl

40 JEE C
016121 2 6 1#5h
Heat by time B Gt b s e

25 30 35 40 45 E0C

Haat u“ .
FRNA
1 2 & 1Zh
H.0, HEH@E
EIOH | o S

RN,

Fig. 24. Northern blot analysis of DgHspl7.8

Z}) 71€} heat-inducible gene

Carbonic anhydrase®] homolog:= 40Ce &3] & 108 oo 3HA
induction¥ o] IH2 T 6A7HA Lol A EHJY. ABA, salt stress %
drought stress Aol ¢JsiA= Hdo] F7FE S} cold stressol] oJsiA+= 23]
Zastat (Fig. 25).

Small heat shock protein®] 3}i}<l DgHspJ7.9—‘E 22 o] wE Al7HE ek
o Wists: & v+ Aok ey 40C°ﬂ’\1 1A s n2AeE vt 25 T2
HERHS e Bl Srtek e o] X}"E‘ ABA ﬂr’/]oﬂ o= Tele] A
HAow v ez = Aol7t = Aow et (Fig. 26).
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Fig. 25. Northern blot analysis of D. glomerata carbonic anhydrase
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Fig. 26. Northern blot analysis of DgHSP17.9
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%5 molecular chaperonel. &4 23 Ay7)5S 21 ot B AFAE X F71A
screening 3t 1074l AR Fo| DgHsp90, DgHsp70, DgStil, DgHop, DgAhal,
Dgp23, DgHspl78% AAd3 Adasrz Add & AFWwHdA 7]&3 GST
fusion protein expression vector?l pGEX & % frame®] %+ vectordl cloningd}
Ak ZHzke] Wetal #E FAAE E coli Woll A TRAAA, proteing AAFEA o,
GST fusion protein¥ts &5 #+2|3t7] 9138te] Sepharose4dB$} bindingAl# reduced
glutathione 2.2 fusion protein AEl2 2|8t A Y, Factor XaZ fusion ¥9& A3}
o] native protein®hS FE|stAth et dd @A o] ApHE A& o] 2o
F2E el B G AES o] 83Fe] heat stressoll 9d] WA E = substrate®
R % 3lE chaperone 75 AF-d T3S 7o AFE NP Ah

Chaperone activity== W # denaturation¥ 7] 4% ¥ 2 (malate dehydrogenase,
citrate synthase, luciferase)&< < =2 o8] 74 chemicals AF&-31
denaturation Al 7] A spectrophotometer Aol A control &= €2 %o controld =
A3t AL sl protein® molar ratios WFH 7 H7FSFS] spectrophotometer 2 #k S
=743t} Chaperone activity’} & -9, =4 gko] control #ET €A ==,
ol wizo] WA= 9 hydrophobic residue’} =E&%H WA, UV 3dlo] A2l light
scattering #ke] W3a}l7] Foltf, B AFoME=  substrate® MDH (malate

dehydrogenase)S ©] 831

;

(1) DgHsp90

DgHsp902 #2k=Fo] 93 kDaol™, pI gko] 4.89¢1 AbA el 7h7bE @ ot} &)
7FA] animal Hsp90> © %52 2 chaperone 71%5% 7FAIAIR, cell oA Hsp70 ¥ tf
£ cochaperone5 ¥ multi chaperone complexZ °o|F+ Aoz ¥ x gt} wheba]
2 AFe Bwe g 1S FEsATE AT, DgHspo0o] wold Hdof A
st o o5 o]83}o chaperone activityE SA43At. 2 23 A F7HA o8 B
oA B33 ojwl HspsHtl ZFE 3 chaperone activityE 7FA 1 Q& Aoz 1}
Elwtch WAl VA2 HUstY MDHSF 22 molar ratio®2 &3k 4

3RS W, DgHsp02 A9l 100%°l| 7}7t2 chaperone 7|5& 33ttt H3
Hsp909] <& MDHel Hl&] 1/10=2 stoj= o ®MAHE= 71d& 50% 71 =4
de Aoz U
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Fig. 27. SDS-PAGE of purified GST-Hsp90,
GST-Hop
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Fig. 28. Chaperone activity of GST-DgHsp90 on heat denaturated substrate
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(2) DgHsp70

663702 ofm=ito @ FAE] = DgHsp70> #EAFHe] 71.8 kDaolH, pl #<
6.01°]1At}. Hsp70 A A] animalol A Zo] AF7F HolH=d, AA A< chaperone 7|
TS 7FA AR stress @A Sloll A+ unfold® ¥ 2 &3} binding 3Fe] Hsp90.2

a1
o=l g 33t DgHsp70S MDH®F #Z2 molar ratio® Z33S 4

=
£ DgHsp909HE9] activity®= 81214 %+ DgHsp902] 80% A xe] MDH WHAS uwho}
F= Ao 2 yEltl DgHsp903 DgHsp702 t}E HspEol Hld) A%ozm 744

Sl chaperone 71%5% 33X

ol
—a— DA [10u=s) T
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Fig. 29. Chaperone activity of GST-DgHsp70 on heat denaturated substrate
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(3) DgSti

DgStie] A 7]+= 645 kDa®lal pl #-2 6.11°]t}h &Hte] Mol 93 Sti= Hop
9] yeast homologZ ®AFo] ogF 60 kDa HXe°]w, Hsp90 chaperone
multicomplex®] 3% componentztx <A YTk Hspd0 complexE o]F= T &
protein component$} "}37FA & chaperone 7]1% ¢ {2 ZFA}ekdvl. 2 Y DgSti
= chaperone 7]1%5< 3719 Ui @2 gdwido] A QFHH stress Z273FAA A A 7Ho]

Aol AW thA] aggregation ¥ @A S B EEA E3S

T
(VI N - —:—:Ir.u:_-:f.-:l
Hu -
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Fig. 30. SDS-PAGE and chaperone activity of GST-DgSti on heat
denaturated substrate
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(4) DgHop

22470 ] oln=tow A ¥ DgHop EAbEe] 2490001, pl #& 5.220]th. &
A 7kA] 83 2 Hsp90 chaperone multicomplexoll e &}= Hopol H]8] =Z7]= %A
g oA w3l TPR domaing 7FA i 917] wiito Hsp90#} binding® 21
2 FZ3Ft} Chaperone activity =4 A3, DgHopa Sti W& oFshX| &= &g tf
£ HspEd HaiAE Aol e Aoz yerytt DgHopS MDH9F 1:19 molar
ratio® Z@ste]l A S A5, oF 40%°9 MDHe ®AS YolFs a4s

EFU At Hopd %S =% activitydl+= J&FS 54 &gt

005
#— WOH { 10U} &
&— Hoo (01:1) -
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Fig. 31. Chaperone activity of DgHop on heat denaturated substrate
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(5) DgAha
Hsp90 ATPase? activator®l DgAhats =717} 235 kDa, pl #< 5.19]%lomH,
DgHsp903} #A}s+ A =9 chaperone activityE YEFWAtE. DgAha®t MDH®] molar
ratio’} 0.5:19] FF2du = °F 90% ©]4F2] chaperone activityE X oFATt. Aha:s
Hsp90¢ client proteinE©] binding 3= middle & 9 bindgingdttha <& 4 ).
w2} Ahat Hsp90ol| ZAgsle] ATPased &3S Z7FAAFE B Ao Hsp909l
2=

binding ¥ ¢+ substrate5S Hsp90d Zo] repairAlZ % A& Aoz Az

o,

0.7
—+— WOH (d0ua)
iy MW DpARA —B— fha (010
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Fig. 32. SDS-PAGE and chaperone activity of GST-DgAha on heat

denaturated substrate

(6) Dgp23

Hsp902] cochaperonel. @ &# 7 p239] orchardgrass homolog®l Dgp23<2 20.2
kDaol™, pl gt 4.28%1 Abd wuidolty H7kx] Baw Hspdt ddd B2
chaperone activity® A B X E Agzlo] @ AIZ] Dgp23 WE A3
chaperone activitys YEl= @@ gllth ¥l 5 animaloll Al Hsp90 chaperone

multicomplex®l] #o]&E= cochaperoneo.® 4&# A X9k substrate?te] 1:1 molar



ratioRt = 100%°] 77h& &5 yeEhlidth 3 Dgp23¢] 4s /102 St5ol=
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Fig. 33. Chaperone activity of GST-DgHop on heat denaturated substrate

(7) sHsp

theksl Hsp familys Soll, Hsp90 W A7 wo] Haxu Y family’}t
small Hspo|t}. o]= sHspEo| 22 Ex %o H]3] homo & heterocomplex® ©
9 oligomerization 7] w&o|t}t, <ol AFE A %0], homolog 7+ zfo]:=
Ak # a3 800 kDaZFA = oligomerization ¥+ A2 4#A] dt} B AGz7o]
2] gk DgHspl7.8< #xF&o] 19,60001w, pl @t 4.990]th. =& sHspEo 544 <
domain®! a-crystallin domain®] £A3}™, ©] domain< chaperone activityel] % 23}
t}. DgHspl7.82 MDH$®} 3:19] molar ratio® Z339S A, ¢ 80%92] chaperone
activity® Wl oH, yeastel THAAZAS o, 2o i WAES 2= Aew U
elykth. wElA sHspe in vitrooll Al protein® aggregationg =g ®ul olUz}l in
vivodll M= HEd g5 Fad fFxdatolh

—

3

ol
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Fig. 34. Chaperone activity of GST-DgHspl7.8 on heat denaturated

substrate and yeast spot assay for thermotolerance
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S 93 binary vectore] cloning 3ttt & 2

=

7 H
of Alg¥ binary vectore= 733 promoter?l CaMV 35S promoterE 7FA
Z 247+ FAAel AF87bs S restriction enzyme
2 3}l 35S promoter?] down streameoll zZ+7te] FHAE
ot A4z fFdxe] JAASES fste] A% pCAMBIA vector 2 ORF 9
PCR ZZ<& 93 primer sequences Table 4¢] e AT
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Table 4. Binary vectors and primer sequences for plant transformation

Gene Binary vector Primer sequence
For. : 5'-GCGGATCCATGCGCAGGTGGGCGCTCTCCTCCGCG-3!
I
DgHspd0 pCAMBIAISOOPT | 0. o e TAGACTACAGCTCGTCCTTGTCGTACTGCTC-3
For. 5'-GCGGATCCATGGCGAAGAAGGGAGGGGA -3’
DgHsp70  pCAMBIA1300PT R T
Rev. 55'-GCTCTAGATTAATCGACCTCCTCGATCT-3'
For. : 5 GAATTCATGGCCGACGAGGCGAAGGCG -3’
DgSti  pCAMBIAIZ00PT Rev. : 5'-CTCGAGTTATCTCGTTTGGACTATTCCAGCGTTTAT
GAGC-3'
For. | 5-GAATTCGTCGATCCAGTGATGGAGGAGA -3’
DgAha pCAMBIA1300PT O A R e
Rev. : 5'-CTCGAGCTACCTATCTTTCAGCTCCTGCTCA-3"
For. : 5'-GCGGATCCATGATCAAATGTTTGCTT-3'
I
DgHop pCAMBIALSOOPT | © o T AGATCATTCGGACTGTGTACC- 3"
For. : 5'-CGCCATGGATGAGTCGCCACCCGAGC-3'
Dgp23  pCAMBIA1301

ev.

5'-CGAGATCTTCATGGCTTTGCTTCATCCGTGG-3’

F
DgHspl7.8 pCAMBIA1300PT RO .
ev. !

r. © 5'-GCGGATCCATGGAGGGCAGGGTGTTC-3’

5'-GCGTCGACTCACTCACTAATCATCGA-3'

o]

GV3101°]

binary vector®l

transformation s} ¢}

Az 3

FAAES

Agrobacterium

7}7}e)

tumefaciens

colony-PCR& DNAE 9]

Az

AgrobacteriumWl 2 =Y EHA=XE &2ttt H ol orchardgrass library 2 5-H

screening & 1o, A

A7 AT

Az %

DgHsp90, DgHsp70, DgHop

construct® A9t DgSti, DgAha, Dgp23, DgHspl7.8 construct®] plasmid % =

g DNA7} =% % Agrobacterium ¥+

Aol sl HdTa

Z7} 2 R

oF
7147171 callusel =

X

HoAd 3|3 Az dF F9 =4
A= olE AMEI WEAY FHAES orchardgrass

Aol AEAE ARSA AT,

=
=
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Fig. 35. Construction of overexpression vector for plant transformation

2 A7 AxF DNAZYF =9+l = Agrobacteria® flower-dip W4 o2
Arabidopsis®] @A AZAIAY. B AFgA 2dzte ERE DgSti, DgAha, Dgp23,
DgHspl7.82] 7%, 8278171 ArabidopsisZH-E F2E ol hygromycin®] 33t

¥ MS mediadlX FAASA ABAAE AR ol F, DgSti®t DgAha®l 4%,
T3 lineZ7}A] generationo] o] HZEH o7 Fx2 Wu gJom Dgp23 FA A3
A9l 79, hygromycin 8] w2 oA W& AFS Holw dAlstE A Fo] Bho

L, obA dolglE TI1 lined FTAR A&ZAQ AAAAS st vt DgHspl7.8
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T1 lined] EA71# AQom o] A& A hygromycin Bl Aol A A=) =

o v (Fig. 36).
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Fig. 36. Over-expression Arabidopsis transformed heat shock inducible

genes

T3 line7tA A" DgSti®t DgAha®l 735, A2 DNAZ} generations %35t
U= otAH A o2 Arabidopsis® genome’ito] AR E o] AEAE AHB7] ¢35l
Fztol dAAAZA e de& AFHFe] genomic DNAES H 3t ControlZ2=
Arabidopsis wild typel.ZHE E# 3 genomic DNAZS AFg&3dct I A3A
genomic DNAZ template® 3lo] 1737 bpe DgSti ORFE amplify® + Y= gz
primer® genomic PCRS 4 &8ttt 1 A3} Fig. 379 o] JAASA| 2] A
ol DgSti7} +8H o= sl d&e skt fek 22 WHom 64
| FelE DgAhaS amplify & & U+ primers AF83F9] genomic PCRS 433
t}. Controlel = PCR product7t #&=#] 42 v A HEA 9 genomedol] =
DgAha7} ¥4 o2 AdHo] &S & =+ ARG (Fig. 39).
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e s

Fig. 37. Confirmation of DgSti transgenic plants by genomic PCR using
genomic DNAs from wild-type (C) and transgenic Arabidopsis

plants (indicated number)

[ 1 2 3 4 5 &6 7T & 9 101112 C

13 14 15 16 1T 18 18 20 21 22 23 24 C

Fig. 38. Confirmation of DgAha transgenic plants by genomic PCR using
genomic DNAs from wild-type (C) and transgenic Arabidopsis

plants (indicated number)
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2. A4 1 deAl ear=aetse) gAdeAA sy 2 A A=A

a2y 1A

7h A=A AZs 2 A s e

exeagtae] FEE As A ARsEs 2AEH] skl MS A= 7]

Bow 3 Ayx FEulAdAM A4 F 7Y o] FNE fFujAe] Hoy Aeavt
AE7 A A2 vl &4 4770 GAE v F o ALsty Ans
e Ao avh FAEN, 253 MFAS vl 4FE 0] Ao e o FE
FujA o] A a7t YA AT

g AH2E AEA A8 vix] (MSHiA] o] NAA 1 mg/#¢ 2 kinetin 5 mg/
¢ A7 wj Al Adste] A=A AEsE fFE A W 4~-5¢d FEE 2
2] F9]o HAe] spoto] AN O, o] WjFE A=A AEsI AlAE] A
4 T AF AR AN @ds] ARSEAJT o] W AEsEA g e A
2 gEdow Wale] ] oo ARste #HFHA Fskou, o5 Ay zdA:
9 o el Hd 4] wAo] #EEY. Fig. 39S ex=vhse] A
g 8 S Ao wA HEEYH Aex fx g A, Ads S, WS
A AR AR o R Hol F1 gt}

30F Lol gk A~ FHE&S A A3 “O3M” FF 0] callus 2717F 7B 2
o A FAAEol M Fgoem, thgSo = "Sparta” , "Justus” , “Condor”
S“Potomac” = ©]%lt} (Table 5, Table 6).
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2) 4579 A zz2HY HEA AL

12 Al g A e =g ex=agts 27 F53 3U A FE5< Hapsung
29] SAEFEH AYx FAE, IAE A2 A7), AY2EHEY AQEstE 4
ARt B&S 45799 A zd st 42 A= oy Table 59 #skth 459
of Ao e FARTE A2 A ES A A, A FAE] 50% o
o] AH2E A FAHE FY ¥FEL 93M > Sparta > Pizza > Condor >
Lidaglo > Glorus > Hapsung 2 > Frode9 o 24 thxEFF o2 A A% Hapsung
2R A FAEo] 2 FFE0 Both o5 T 93MI Sparta®l ¥ FFS A
& TR 90% o]l Ay st ©HE gelstint 459 Adx A71E AA(em) e
2 ZAeE S W, HA 043cm, HiL 42cm=EA oF 1081e] Aol 7t o, R
& 25~4cmd WY ol UjT. A7) £e2 B Justus > Condor > Potomac >
Lidaglo > 93Meo]l o™ tx% %<l Hapsung 29 2 74o] 043cm=zZA 71 @+ &

Ak Az A4S FAmg)=E AT Kim 5 (1988)¢] H 19l Hluls] KW,
Aol A ARERE i EFF < Hapsung 29 Hl2dh @S Bl &4 193, 4 20
3, 34 215 92 Potomace ZelA A71RTF Justus @ Condorol Al AR v & #A
Haso] FAHNSS ¢ F AT 4579 AHEEREHY AEst= 0~36%9]
W WeE vHedded, Adstge] & AoEZHEH $£A4% Plano > Akimidori
> Justus > Lidacta > Currie > Hall mark®] <o¢|%l 3, Filippa®t Junoe 7o+
FAE AYzmRY AR de dojuA &tk HxEEF$ <] Hapsung 2+ 84%
2 A TR AESES BA

A

W, FARRE Aeze G4, Az L Mol FYRAL AH AAF AR
Az ARG HE BARA ARG T2 TS B o] AANE FHE©) x A

3k (%)/100]1 2.2 ALtstds o, L Hele 0~174%=A AEsteo] »eAEt 1
Fol AR Fokth Justust AR E&o] 174%ZA WAEFTE FoAAM 7HE =%
o, t}S o2 Lidacta®l 12.4%, Condorel 11.4%, Potomac®] 8.9% <=olom, =z
#% <! Hapsung 29 55%M.th i 3u] o]4e] ®& &S Bt (Table 5, Fig.
40).

Z} parameter 9] TAE ATATE BASIH AY~ PJAH S AYA A7) A
ofel &= r=05765%11L, A~ FAHEH AES T& Abolole r=0.6365% oH, A~
A7)eF AR E& Abolol= r=0.624601=H|, o] #ES BT 1
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Table 5. Comparison result of callus formation ratio,

].

L

o Ay~

ATt

ot

d&ol

=
=

o

W A se] A7 A3 AR TEE =

callus diameter,

regeneration ration and regeneration efficiency in 28 orchardgrass

varieties for 4-week treatment

4-week callus

Variety Number of Callus Callus Regeneration  Regeneration
seeds tested formation(%)  diameter(cm) (%) efficiency (%)
Able 210 12.0 1.8 + 0.72 12.0 14
Amba 200 375 2.8 + 0.56 53 19
Ambassador 190 40.0 2.75+ 0.72 2.5 1.0
Benchmark 200 51.0 2.85+ 0.49 8.8 4.4
Condor 200 82.0 4.15% 1.00 14.0 114
Curie 200 17.0 3.15% 0.72 17.0 2.8
Filippa 190 3.6 1.64+ 0.31 0.0 0.0
Frode 200 59.0 1.65+ 0.53 34 2.0
Glorus 200 66.5 34 £ 044 105 6.9
Hall mark 200 7.0 1.85+ 0.45 14.3 1.0
Hay-King 200 58.0 3.55% 0.54 8.6 4.9
Jesper 200 125 2.2 + 0.66 12.0 15
Juno 200 6.0 15 + 042 0.0 0.0
Justus 200 84.0 42 £ 0.66 20.8 174
Kay 210 33.8 3.25+ 0.78 12.7 4.3
Lidacta 210 67.1 3.65+ 0.35 186 124
Lidaglo 200 79.5 3.75% 0.64 19 15
Pizza 200 83.0 3.45% 0.54 5.4 4.4
Plano 200 55 2.88+ (.76 36.0 19
Potomac 200 58.0 3.9 £ 0.62 155 8.9
Rancho 190 179 2.4 £ 0.62 8.8 15
Sampson 200 63.0 3.2 £ 0.70 4.8 3.0
Sparta 200 91.5 3.15+ 0.91 6.0 5.4
Tna 200 19.0 22 £ 045 2.6 0.4
Kitamidori 200 38.0 2.5 + 0.56 3.9 14
Akimidori 200 26.5 29 £ 0.62 26.4 6.9
93M 200 96.0 3.7 £ 0.87 7.3 7.0
Hapsung 2 200 65.5 0.43+ 0.39 3.4 55
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Fig. 40. Comparison result of regeneration efficiency in 9 orchardgrass
varieties for 4-week treatment

The varieties of Hapsung 2 is developed in Korea.

E3E 22k Aol el w43 ex=aets 3FFI o mRYH =QH
#5< Potomac® FAEFYH Aex FAE IAE Az A7), Az REH
AEstE 2 st 885 4599 Aelzol dste] 42 A= Table 63 23kt

455 o] Ao gt FAZHE A~ FAEL Jangbeol 102 >Hapsung 2
>Potomac > Jangbeol 101 <2 =24, Jangbeol 1029+ Hapsung 2= UHIEF
Potomack v} el @ so] Eshvh 4599 Ayxe] A5 A4 (me= 3EA
stAS W, A 347 cm, HiL 393 cnEA] FEZE] F Aole glAoH, AV|EARE
B Potomac > Jangbeol 101 >Jangbeol 102 >Hapsung 2 €224, sS4 &
Fo] hu]EFF Potomacol H|& 25 e o Qo)

4799 AYxz2HEH AEA A 103~17.7 %9 W B9 Aols B
=4, AE3E&2 &A= Jangbeol 101 > Jangbeol 102 > Potomac > Hapsung 29
=2 24, Jangbeol 1017} Jangbeol 1027} WH]3% % Potomacel] B3| A&Es&o] =
et 459 A 225 E AEA AEs 2&s AL 23, 1 ®Me= 68~
115 %2A AEsg W99} nuwsla 1 Zo] u3=3+4t}h Jangbeol 1029 A% 3}
&0°] 115 %, Jangbeol 1019 AE3}&o] 106 %=EA tHH]FZF Potomac (9.7 %)H.t}h

% )
ol

o
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E=9o W, Hapsung 2% 7FY w2 68 %t (Fig. 41). Hapsung 29 AEsta &2
Alg 1el4 55% AEd, AlE 2014 = 6.8% S

Table 6. Comparisons of callus formation ratio, callus diameter, regeneration
ratio and regeneration efficiency in 4 orchardgrass varieties for

4-week treatment

Variety Number of Callus Callus Regeneration  Regeneration
tested seeds formation(%) diameter(cm) (%) efficiency (%)
Potomac 200 60.0 3.93+0.62 16.1 9.7
Hapsung 2 200 66.2 3.47+0.41 10.3 6.8
Jangbeol 101 200 59.8 3.72+0.36 17.7 10.6
Jangbeol 102 200 67.0 3.65+0.35 17.2 115
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Fig. 41. Comparison result of regeneration efficiency in 9 orchardgrass
varieties for 4-week treatment
Three varieties of Hapsung 2, Jangbeol 101 and Jangbeol 102 are

developed in Korea.
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3) 658 AR AeA AEst
1A AlgolM ek el FEaol sl $ARFEH 6570 AMAE il :
Ao P&, A4 Az A7), Adz2RE Awsts T FARNE

w3 58S ARSIl & Table 79 22 A3E Advh FARFEHE AYA
_"
o]

&
i

el zole] waeld w9 WEL Aoy ¥
o gyee ods FAHAY. NEEES Hapsung 29 2ol P4 8L 55%2A

A HuUEFEFTE FolAH FHAZ THAE Rt A" Ayxe AV|E=
S
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=2
12
(@)1
=
Lo
1
N
2
o
il
4
2
v
o)
N

kg el ~e] =7]E Sparta > 99M > Justus > Condor > Pizza®l <=o|%la o]
TA= 4FE B2 A7) £A49 A zolE Bt diZ2FFQ] Hapsung 2+
38cmEA MW FEE AtololA] tha & Hol o

A~ AESFES 0%ANA 100%7HA & HAAE 1G], Plano’t 100%9] A

w3EE Hol AT FAVF BETE A s @Ado] HAAL Junow AE A A3 H
A %okt 4578l % Planos MRS 36%=A Hale] s EAT AA 277

%%% Condor, Glorus, Hall mark, Lidacta®] tXl £FS A3t ZE FFEL2 45
BHeol Aol Hla] 657H Y Ael2EmHE Y AEsrt o 2 HAL o5 5, Plano,

Able, Currie, Tna 52 9G38A AE3E&o] E=olA

TARNE AH2E AXH AESE = AR 2&9 HeE 0728%=A 4599
HeET 9 Axoew dAHom 459 AEs a&EH 659 AL BEl
H Eokxlth. 53] Potomac®] 7% 45@ ol Hlste] 658 Zo] 3uf o] A3t &
o] ol FAl FFQ Hapsung 2% 4534 55%°]d Ao] 65l =
59% 2 A 04%<2 F7Fel a3 AEst 289 49 5 ¥FF5 2 Potomac 28%, Justus
25.9%, Pizza 22.4%, Sparta 125% % Frode 125%9 olledl ©lE % Pizza,
Sparta 2 Frodet: 4F#HolAE ¥e IS HAoY 6FHAAM= A53HA L 3ol
Eotxlet, o] AMdE HFo E uf o]5 FFY AE3} AdPolAMe 657He] AYx
25 AEstE fFEEe Zo] X #fdd dom AdHATh ofs= R
Condor, Glorus, Lidacta, ¢}7|n 28] 52 45H 9 A2 HE AEst&o] 6577
o AEstErt Yotxlong ols FFS AEst & ue= 45H Y AYAE AMES

= ool o £& Aow #uET
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Table 7. Comparison result of callus formation ratio,

callus diameter,

regeneration ration and regeneration efficiency in 28 orchardgrass

varieties for 6-week treatment

6-week callus

Variety Number of Callus Callus Regeneration  Regeneration
seeds tested formation(%)  diameter(cm) (%) efficiency(%)
Able 200 6.0 3.3 £ 095 42.0 2.5
Amba 200 26.5 34 £ 0.87 20.8 55
Ambassador 200 55.0 3.6 + 092 10.0 55
Benchmark 200 70.0 47 + 1.20 34.3 24.0
Condor 200 945 49 £ 0.87 5.3 5.0
Curie 200 15.0 39 £ 0.78 46.7 7.0
Filippa 200 4.0 31 £ 093 25.0 1.0
Frode 200 66.5 41 £ 0.70 18.8 125
Glorus 200 55.0 3.8 £ 0.83 10.0 55
Hall mark 200 45 42 + 1.06 11.0 0.4
Hay-King 200 65.0 46 £ 0.95 16.9 10.9
Jesper 200 2.0 1.8 + 0.86 25.0 0.5
Juno 200 3.0 1.2 + 0.26 0.0 0.0
Justus 200 90.5 55 + 1.02 28.7 25.9
Kay 210 53.8 47 £ 1.15 13.3 7.15
Lidacta 210 64.8 4.8 £ 097 10.3 6.6
Lidaglo 200 68.5 41 £ 0.81 14.6 10.0
Pizza 200 82.0 4.8 £ 097 274 22.4
Plano 200 0.5 2.75+ 1.49 100.0 0.5
Potomac 200 71.5 43 + 0.82 39.2 28.0
Rancho 190 11.1 2.58+ 0.87 95 1.0
Sampson 200 63.0 41 £ 0.83 15.1 9.5
Sparta 200 91.5 57 £ 1.11 13.7 125
Tna 200 12.0 3.3 £ 1.88 45.8 5.4
Kitamidori 200 55.0 45 £ 0.88 13.6 7.4
Akimidori 200 59.5 4.0 £ 0.73 7.6 45
93M 200 91.0 56 £ 1.20 8.2 7.4
Hapsung 2 200 55.0 3.8 £ 0.79 10.9 5.9
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Fig. 42. Comparison result of regeneration efficiency in 9 orchardgrass
varieties for 6-week treatment

The varieties of Hapsung 2 is developed in Korea.
Z} parameter=3te] ¥ TAE HY Ay x JAEY Ay A A7) Alolol&

4
r=0.8369%11L, A~ P& AL Be Alolol= r=06683010om, Aejx A7)

593701 =, ol BEE A7 E 1% =2 79
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Table 8. Comparisons of callus formation ratio, callus diameter, regeneration
ratio and regeneration efficiency in 4 orchardgrass varieties for

6-week treatment

Variety Number of Callus Callus Regeneration  Regeneration
tested seeds formation(%) diameter(cm) (%) efficiency (%)
Potomac 200 68.4 4.29+0.39 374 25.6
Hapsung 2 200 64.7 3.76+0.62 11.2 7.2
Jangbeol 101 200 595 4.32+0.54 23.5 14.0
Jangbeol 102 200 65.9 3.97+0.46 185 12.3
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Fig. 43. Comparison result of regeneration efficiency in 9 orchardgrass
varieties for 6-week treatment

Three varieties of Hapsung 2, Jangbeol 101 and Jangbeol 102 are

developed in Korea.

Fig. 44. Callus multiplication and plant regeneration of orchardgrass

(Dactylis glomerata L.)
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4) ear=aet~e] A% 58

exeerze] FAAR 2E&S A7l flste], T frAle] Aok
pIlG121-Hm ®E 2 HAAZE Agrobacterium tumefaciens GV3101S 3 v d3slo],
50 mg/ ¢ 2] hygromycino] H7Fe wjX|oA FAHE AH~E sy, Ads A
H22E N6wiA ol 1 mg/ ¢ 2] NAA, 5 mg/ ¢ 2] kinetin, 250 mg/ ¢ ¢] carbenicillin ¥ 50
mg/ ¢ ¢ hygromycins #7tgh A3} wjAod &A A=A ALsE FES ohs, A
A FAAS B &S AT EAE 282 FFo we vl vE2A vE
W, 'Potomac’ #E& 12%% FEAE &5 Yed w9, 'Amba’ FEFS
55%° aF. ext=ae~e] A A oA co-cultivation 7l acetosyringone2]
A7be 285 =oled A oSt dEdsA e 4 PCR % Southern

blot ¥4 o2 g2l

il
il

, AAE FEANE 12%EA
M =kl wlEol, EAlgo| = 'Potomac’ FFS ol &3dte] m2ulA =i

ek AE e = s

W, 3AAH3 ox=aeao Ak 9 gl
1) 32 2 24 vectore] 54

AT A ZHE RIS FHAE BT 4TS 2A, Dgp23, DgAha, DgSti,
DgHspl78°|9, °ol5 3%+ 25 pCAMBIAI300PT #E (12Kb)ol|l A} %33t

TR 54 53 2

o

7} Dgp23 =t
Full length+= 911bpel™, 540bpe] ORF % 180 AAE zr=t}. Dgp23 F4aA=
Brassica napus 2 Arabidopsis® p23 AR} 247 57% 2 47%2] homologsE ¢

=t

) DgAha $A=}
Full length= 958bpo]l™, 642bpe] ORF ¥ 213 AAE z=t}. DgAha FAAE
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BamHI % Kpnl enzymel & dAust 4 9lth,
t}) DgSti A A
Full lengthe 1937bpel™, 1737bpel ORF % 578 AAE zt=t}. DgSti FAAE=

BamH1 % Kpnl enzymel & dAgst 4= 9l

2}) DgHspl7.8 %1 #
Full length: 833bpel™, 555bpe] ORF ¥ 184 AAE zt=v}. DgHspl78 +AA+
= TaHspl78 A} 79%2] homologsE 2zt Cytosolic class II heat shock

protein 7% z}o] o},

wh) e pCAMBIAL300PT

el e pCAMBIAL300PTE MCSOl Kpnl, Smal, BamHI1, Xbal, Clal,
Pstl % Sphl enzyme siteE 7}FAH, kanamycin WA 722 % hygromycin WA
A2 B °E A o] o= AR FAASA L Aol Jhediry Hg
CaMV35S promoterg 7431 Qlo] AtlE FdA7E &g o= ddxm, wWEe =

7]+ 12Kbeltt (Fig.45).

Hi ndII

T-Border (right)

CaMv35S pronot er
pVSl sta
Xho I pCAMBI A 1300PT(Mul ti)

12KBp pVSL rep

T Nncl

Hygr omyci n(R)

Xho I

Oy, T-Border (left) PBR322 bom
pBR322 ori

Kananyci n( R
Sac I i (R

Fig. 45. Plasmid map of pCAMBIA1300PT
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2) A AZA Agrobacteriad A%+

4% FHA  (Dgp23, DgAha, DgSti, DgHspl78)%® AZzsd  Z+7+9]
pCAMBIAI300PT WEE Horsch & (1984)9] freezing-thawing WwWeol uwhg}
Agrobacterium tumefaciens (A. tumefaciens) GV3101°] #&AA%ste] 50 mg/ ¢ <
kanamycine #H7}3t YEP HiX| o)A old= Agrobacteriums sl dch Adkd
Agrobacterium< 5 ml2] YEP brotholl %3] 28Cel A &% #j3dt thg, plasmid
DNAE #4], agarose gel A7|9 5oz Q0 & ox=glxe] PAMZ o] &3}
Ak

3) Agrobacterium 78 2 FA A3 callus A

PFAATS A AR =gtz Y @ FAAS F&o] 7
EA YEbd Potomac®] ¥iwrEZ oo A 2E o] &t AE A 2&8
A& 7, vector, Agrobacterium strain, selective agent @ H{X|ZA 59 Q¢lo] o
g u =, olF THAY AEe FAAFT Fgolv AEAST MY F IFS
vl Aow deA Aok A 9GS A EQ #e A9 aink 24 foe A
Harh AN G8o] 7MY e AR HuFEglow (Hii &, 1994), wiwrz2 o

25y A= 5}%&%0] Agrobacterium®|  vir A2l @@} T-strand
generatione FE3te Aoz d# A v} (Vijayachandra 5, 1995).

Potomac®] wj¥tzx o 2 RE 58 Ae]~S Agrobacterium AE Nl 7+ A 71
U, hygromycine] F7Fe N6 A2l ol A 353 wfjgsta A= Ahste] 2
A o R o R G R e %’5‘}04 hygromycinel ¢]&) ZW o] aALsHA] &
3 AEgdS YEdle 2AY2E AP callus®2 F43te] Adstatt (Fig. 46).

Fig. 46. Selection of transgenic callus on hygromycin (50 mg/# ) containing

medium
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FAA ZHA7E v A AdrE A as RS A= Az #3tE Fiest
At FEE xS half—strength«] MS =X = el g3 HAHd A=
Az BFS F2d b5 (Fig. 47), 98 4E 65, F%5)7F #1 shto=m &7
A FRS TR FHI A foez Bato] Ao dFd o]Af 1k =34

5 55 9e ior &4 244 AFAAT (Fig. 48).

st AEAs 84 2Eds g #d Aol A Ao RisiA W
Bue Aor dex fxddd 2E 3P4 F3d ®o] (Lagrimini, 1991;
Lagrimini &, 1997)+ WetuA] exkrh. 28 d A A S callus®] Aol A ulA]
o kanamycine AF&3F 7 9o W3dA (Albino)o] Bo] EAFFITH ojel st dAS

G A A E kanamycin®l Al hygromycin©. & W7o Abgstogm FEE 4= 9},

,d
)

E e

Fig. 47. Plant regeneration from transgenic callus on regeneration medium

containing hygromycin (50 mg/ ¢ )

Fig. 48. Transgenic plant®] 22443}



5) PCR % Southern blot 4]
Hygromycinol A7 v Ao AESE AEAZEE genomic DNAE H]3
& PCR Hoz dAAS o= Folsgr). 3= 1829 endogeneousdt £ 7 A}

o}o] S 93l 35S promoterst 24+ (Dgp23, DgAha, DgSti, DgHspl7.8)9 +

Az}l Eo]Z 2l sense @ antisense primers §A3te] PCR $3% & AA% g, 7zt

Z+e] probe DNAE ©]&3}¢] Southern blot #2415 A A|&}$ T

AT 459 FAAE o]t ex=adtse JAALAS A =sA o

s HA = AAFHAAA FHRAE FFTol 1d7He] 7] FAASA =

Aatsof sk AIREA RHAIZE A7) wiol, Ao R Dep23 B %= DgHspl78

frazbe ga FAAeRr FAARS A=At ek UM A 5 Rl s

M dA A5 AEstE AEAZE ALEa o, ofA2 B4 B HA A o] o

22 Zg AR 2 BuAedE DgAhal % DgStil fxate] @248 ¢ vlo]g

= Astrl 2 sksl
Dgp23 (911bp) %+ DgHspl78 (833 bp) A2 A ASH AL oJFH= F

ZAE A7]= <F 09 kboltk. PCR SEAHE S 1.2% agarose gel A7|d 5oz 3

A3 Ay, FAAFEA 22 wild-typedl A= FEAEO] #HEE A ggor)

Dgp23 B+ DgHspl78 wAAZ FAAZE 25429 genomic DNA A= o=

719} &dg oF 0.9kbe] FEAFES DNA band’} #ZH AT o5& thAl Southern

blot #+4& AA|e A} Fig. 49914 HiE= vle} o] BE FH A A EA A o

A+=71 9] hybridization band7} &1 E S a, A ASE A &S wild typed A E E9)

A <Ql hybridization band’} & A Zghorm 2 QA=1gts A EA|

DgHspl7.8 347} B4H o2 448 Hdes &
Wi Dgp23 B DgHspl78 wAAE dZAASR 2

RNAE #83ted RT-PCR % Southern blot #41& 2 A &

S A dA=7]9 hybridization band7} #<lE A1 (Fig. 50), A A HA] g

wild typedl A+ E9°]& 9l hybridization band’} TR fgform =z o A=18A

A EA | Dgp23 % DgHspl7.8 +3A7F A4 o2 FA73 = o

H

R

l

]o

—

sk = Ao FH FAAS A EA9 Southern blot #2494 hybridization band2]
intensity7} MAEE 2FolE YEMRAEY, o= =99 FA22 copy numbere] =}

o], A4d¥ A ¥ integration¥ = ¥ F A chromosome rearrangement &4 5]

I
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Fig. 49. Confirmation of transgenic plants by PCR and Southern blot
analysis using genomic DNAs from wild-type (WT) and
transgenic plants with Dgp23 or DgHspl7.8 gene
The numbers (1~4) of Dgp23 and DgHspl7.8 are indicated independent

transgenic lines.
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A B
Transgenic pl.unts (Dep23) Transgemc p]arns r:DgHspl'? 2)

=I!1}Ih ;I“H

Fig. 50. Confirmation of transgenic plants by RT-PCR and Southern blot

analysis using genomic DNAs from wild-type (WT) and transgenic
plants

A, Transgenic plants with DgpZ3 gene;, B, Transgenic plants with
DgHspl7.8. The numbers (1~6) indicate independent transgenic lines.

o HdAAZ ox=ase neUg AZ

1) 45, 50 % 55Col A A Az A5 H
WE Z 43 B o=t~ (Dactylis glomerata L.)S 45, 50 2 55TColA 5
o7 60R7FA A Ax 2% B AR wE i AEA E4S A
o $lAth Kim 5 (1997)°] @8l (Nicotiana tabacum L.)OIA AAFEEE ZAYS
50CellA 15 o/ Aglstd Arp e =ddhs Aoz wauFol e, &
AF=1ep o] Aol 55TAA 607 HEstRs ok, o r TS A9
k2] oFe Ao 2 e (Table 9). 45, 50 2 55T 9] 2Z=z271oA 602714 A €

A AP AALES AT 5 YUOBE, SEE U ¥ol 24 4PS 4N

)

—_

2) 60, 65 = 70°Col A HE A zrE A SalE
SAETT~E 60, 656 X T0THA 5% AR 60%7HA A A3, 60Tl A



0% ol AP Wl 9 Lo| M2 ok AEUOL HBAY E4E o
Aolglom, 65T Ad AR 0CAN AAPL Wurte & o 53
A A AE AEE otk 70T 3087 AYRL wol eA=aTAE o
o F3H AEAA wsrow, 6087 AW Wl Agrel Qo] /3 o4 v A
BT (Table 9). A% 60, 65 % 70T ExANA 60274 Aeld 22 29
NAE AALEE 4T 5 gtk A 2EE 100 d el 3% 28 44

Sl

Table 9. Effects of high temperature on heat damage of orchardgrass

(Dactylis glomerata L.) plants at several temperature

Treatment Temperature of heat treatment for 60 min (C)

Observatio

(179)+ 45 50 55 60 65 70 30
1 day later 1 1 1 2 2 4 8
2 days later 1 1 1 2 2 5 9
3 days later 1 1 1 2 2 5 9
4 days later 1 1 2 2 2 6 9
5 days later 1 1 2 2 3 6 9
6 days later 1 1 2 2 3 6 9
7 days later 1 1 2 2 3 6 9

* Damage index: 1, normal; 9, death
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Table 10. Determination of heat-killing temperature of orchardgrass

(Dactylis glomerata L.)

Treatment Heat treated time at 80C (min)
Observati

(179)=

5 10 15 20 25 30 35 40 45 50 55 60

1 day later
2 days later
3 days later
4 days later
5 days later
6 days later

NI I I I I R )
NI IR I I R )
R CTNCI ORI I R )
1S &) I SN NN N O
S I IR B N
o o o g ol O
SRS TS S e e )
SRS IS S e e )
SR IS S e Nl e
SRS IS B e Mo
© © ©W © 0w o =
© © O O © ©

7 days later

* 1! normal, 9: death

3) 80Tl AgAIzHE Y57 El
dAe 2%5 10C o —?Eo% A= 1E~E 0T A 5REEH 608714 5

oz Ast Az, AHg F 19 oluldl 50 o] HolA AL FHojrke didel

Ehth AE T 2doE 60% Ao BT Fgom, AE T 4= 558 A

A RSE Zou, 50 olske] AgdAe 7d7A & JRA

A2l F 7T4FHe &d8 54 @2 A=A 45 A2 shoot7h A4

F T deroer exEagtse AAREE 80T 558 A

AR A} (Table 10). Yoz el 2L 23]

AGY FAAE EAT JAAE ©
Aeaeart e 73%, 14502 494 a0 neWy FEE 2T S
glov], of w AALE (B0CeIA S5RIMTH 2T ks Aestel ROTAM 45%

E 50%) A Had 5 Qe dow wud,
Fig. 51914 A= 44004 4F S AE Fes] o= 1ehrolv], B o7

Eoea% S0TAA 5% Ao 60%7HA A 79 F AAHelw, CE 80T

A 508 A F 79 B exEamtas A @ exe

o]t
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Fig. 51. Determination of killing temperature of orchardgrass (Dactylis

glomerata L.).

4) JAHE A= 12Uy AA

Dgp23 ®+= DgHspl7.8 72 E9jo] A &EAe 12 ~EHze digh WS
S 7| =X 9] RS A EA FFolA Lolr ] Yato], A A FAA

A5 A e Yz 4 EA 9 heat-killing temperatures ZAFsEAT. 2 A3} 60Tl
A 50 ol el dAevt FEAE wHA g tixs A EAC  heat-killing
temperatured < 3H¢ld = 91t} (Table 10). Fig. 52A0l A UEld vle} 7ro] 12
of ot I HEe] zto|7} Seto 2 #HAE Q=1 heat treatment 3¢ ¢ FPH3FH
B2 e vz T AEAY leaf disc= 2o og I = Qlall HA AWE o] HA}
st dAbol #EE AT (Fig. 52B). weba] QA= 12k 9] heat-killing temperature

60Tl A 50+ Aglsts Aoz ZAAStal, Dgp23 v DgHspl78 F3A= J2
Agty A EAe} HET AEAY leaf discE 27 FH3dlo], 593 FASZ 60TlA
03t heat treatmentE A Attt 1 A3 Dgp23 FAAE =He FAAIA=
=T AEA ek vuste] 2 ZolE YElA ko, Fig. 52ColA H= niet 2
o], DgHspl78 A= FdHsd ex=aetas g A E2Al v&) leaf disc
7F 60~80% ol fell &g vz EH dAdS HAE AoR yEuth webA
DgHspl7.8 +AAFe] E=9lo] heat stressZ2HEH AEAZS BIozH 112 d3h
WS Holdt oz Agdtt Dgp23 AR AT AEAE doz F ¢
dAte 2 et s Aow wddnh

o1
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Fig. 52. Treatment of heat Kkilling temperatures on the leaf discs of
transgenic with DgHspl7.8 gene or non-transgenic orchardgrass
(Dactylis glomerata L.)

A. Leaf discs of non-transgenic orchardgrass exposed to 60T for 20,
30, 40, 50 and 60 min, respectively.

B. Leaf discs of non-transgenic orchardgrass exposed to 60T for 30
min were observed for 3 days at 257C.

C. Leaf discs of transgenic orchardgrass with DgHSP17.8 gene and
non-transgenic orchardgrass exposed to 60C for 30 min.

NT, Non-transgenic orchardgrass, TF, Transgenic orchardgrass

Fig. 53. The lines of transgenic orchardgrass (Dactylis glomerata L.) plants

with Dgp23 or DgHspl7.8 gene
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