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ABSTRACT An experiment was carried out to introduce OsHSP17.9, a low molecular HSP gene isolated from rice
plant to orchardgrass (Dactylis glomerata L.) using Agrobacterium. Mature seed-derived calli of orchardgrass were

co-cultured with Agrobacterium tumefaciens EHA101 harboring the plasmid plG-HSP17.9 for transformation. Calli

selected by hygromycin were transferred to Neé medium containing 1 mg/L NAA, 5 mg/L kinetin, 250 mg/L

cefotaxime and 50 mg/L hygromycin and several hygromycin resistant plants were obtained. Stable incorporation

of the introduced OsHSPI17.9 to the genome of the hygromycin resistant plants was confirmed by PCR and Southemn

blot analysis. Transformation efficiency was variable between cultivars in which it was 16.5% in Potomac and 8.0%

in Frontier. Constitutive expression of the transgene in the transformed orchardgrass tissues was identified by

Northern blot analysis but transcript levels were different among individual plants.

Key words: Agrobacterium, heat shock protein, orchardgrass (Dactylis glomerata L.), summer depression,
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QA=) 2 (orchardgrass)y S8 9] sl F2g A
F909} 7HEol wiet H-gAdo] ko, Ay "ol b 1
EAME 2 A, dA Elvet delA] b Be Eux
2 ZAA 7HE 2ol o253 gtk (Seo et al. 1997). L=
A8 AKAHLL 1521 CE, Bl 7]80] 5T oo g
ZI7HE A7) Ak, 20C W7t == 583 69 A
fo] 74 SASHA Ha, 25C olitel HE 793 8=
Agol A9 FA)sl= saldA (summer depression)g L
ERAT} (Kim et al. 1998). a7 84o) 23l EopzAe] 9
b AstEl] UA (i) 7 AZA HAL 716 2276

*Corresponding author. Tel 053-950-5756 Fax 053-950-6750
E-mail jkjo@knu.ac.kr

HH Hxol AAu|go]
—r%Ur AFRZHA 7Y A BHE o, A=
.2000). ol EE
913}l 1970 ) ol l% ZHol o3 F584
sfejo} Age] AEFCl §4= ot e B
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S AEAHSHT 5~10C o149 729 &5
2] 47442 mRNASH e d o] o] A A,
heat shock protein (HSP)o]g} Eal= dte] gjdEo] &
A€t} (Lindquist and Craig 1988). A& oA A=
= HSP= HE7jikel ulg} HSP100, HSP90, HSP70, HSP60
9 xR 15 - 30 kDad) A2k HSPE £/ &, A&
SI4E APAE HSP7H ZE WAel 53 AP B
e AoF d#A drt (Lindquist and Craig 1988; Vierl-
ing 1991). WA, B AFoMe A EA FAAS 71HS o
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23le) 72 WA AEAE Y53y NS F5E F
3 Bxo A FES S5, WM EET ARAF
HSP §421) OsHSP17.95 Q=T 2o =3ttt

2EAEH 2A|EATAERE B A=TAL
(Dactylis glomerata L.) "Z2E|o] 9} ‘EEW & AEEH

A&z 99 NG AASL 70% ELE 30
%7} EHAFS the, 1% sodium hypochlorite 8- A] 30
B7F Agety dF5E 33 FAATE FAE 3 mg/l
dicamba, 30 g/L sucrose, 2 g/L casein hydrolysate, 5 g/L.
gelrite7} A718 No #WjA] (Chu et al. 1975)e)l )73 ths,
22°C, AN 45 Bt BB AE FEsATh

Agrobacterium2| vt} SEIFSH

227 RAATL 98 binary vectors T-DNA Wi -9
ARgA2A FAA HPd FH29 hygromycin phos-
photransferase (HPT)S} W (Oryza sativa L. cv Milyang23)
o) A HSP AR OsHSPI7.9% XT3ty e
pIG-HSP17.9& o] &3ttt (Figure 1).

pIG-HSP17.92 &ZAAZE Agrobacterium EHA101&
ABHJA) (Chilton et al. 1974)¢]] T2&l] 28°CollA 39 F<F
Hjok3lt TS, 100 uM 2] acetosyringone©] H7He AABA]
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Figure 1. (A) Schematic diagram of the expression vector, pIG-
HSP17.9, used for the transformation of orchardgrass. The
OsHSP17.9 gene was placed under the control of the CaMV 35S
promoter. Restriction sites of HindIIl (H), Xbal (X), and Sacl (S)
were shown. (B) Restriction enzyme analysis of the construct, pIG-
HSP17.9. Plasmid DNA was digested by HindIII and Xbal (lane 1),
or Xbal and Sacl (lane 2), and analyzed by 0.8% agarose gel
electrophoresis. M, A DNA digested with HindIIl, size marker.

(Toriyama and Hirata 1985)0l] &3}e] 48A17F 57t ZIEkH}
oF (250 rpm) 3t th. Agrobacterium ¥iFY o] QAT
o) WY~ 208 FE 7ZHAZ The, 2mg/L 2, 4-D, 30 gL
sucrose, 10 g/L glucose, 100 UM acetosyringone, 5 g/L. gelrite
7t H7V8 Ne iAol A 28°CollA 3 Fet Tl ettt ¥
AASE Aexe] g st 2 mg/l 2,4-D, 30 g/L
sucrose, 250 mg/L cefotaxime, 40 mg/L hygromycin, 5 g/L
gelrite7} H7HE No wiAolA 35 F< /el wokst
e, AakE A AE 1 mg/l NAA, 5 mg/L kinetin, 30 g/L
sucrose, 250 mg/L cefotaxime, 50 mg/L hygromycin, 5 g/L
gelrite7} A7H9 Ne v Rl A AESHAIF T

PCR 24

AEste 28229 Yo ZHE Murray 9} Thompsond]
¥ (1980)°] Wz} genomic DNAE £33}tk PCR $&<
9)3}e] genomic DNA 2 ng2 template DNAZ ©]&31%S
W, Tag DNA polymerase reaction buffer (50 mM KClI, 10
mM Tris-HCI, pH 9.0, 1.5 mM MgCl, 0.01% gelatin, 0.1%
Triton X-100)°} 0.2 mM$¢] dNTP mix, 100 pmol®] 3k
2 o3} primer, 18] 7 2 unit®] Tag DNA polymerase &
A7}slEth. PCR ¥H%2 Personal Cycler (Biometra,
Germany)ol 4 30 cycle® AAlEIH2H, 1 cycle denatu-
rationS 94°Col|A} 187}, annealingS 55°CollA 187, 12
T extensionS 72°ColA 187+0g sl AAIES T PCR
2o AMRE primers 2F202 dEE FE4HE0] 03
kbp<l A#EF primer (358s1; 5 -TTCAACAAAGGGTAA-
TATCCGG-3" )9+ 9wk3F primer (35Sasl; 5 -CGAAGGA-
TAGTGGGATTGTGC-3") 123 0.8 kbpl AHH3k
primer (35Ss2; 5'-CCCACCCACGAGGAGCATC-3")s} &
u-8k primer (HSPasl; 5'-AGAAGGGGTCGAACACG
TTG-3" )¢5, PCR A& 1.2 % agarose gel WA7|FFo =
elstdh

Southern blot £A1

Genomic DNA 5 uge A &AL Xbals} Sacl© 2 Hehs}
& 0.8% agarose gelol A71%95¢ TR, capillary transfer
whH (Southern 1975) 2.2 nylon membranedl] Zo]A]ZTh
Membrane& 5 xSSC, 5XDenhardt’s solution, 0.1% SDS,
50 mM Na-Pi (pH 6.5), 0.1 mg/ml denatured salmon sperm
DNA, 50% dextran sulfate”} 7} Sl A 3A17F (42°C)
%9} prehybridizationd Thg, [0-"P] dCTPZ E4H
OsHSP17.9 DNAZ A7}5}e] 1247 o4 hybridizationd}
t}. Membrane2 2 XSSC, 0.1% SDS £ (50°C)ellA 10
B27v 183 0.2%SSC, 0.1% SDS £ (50C)ellAl 1217+
Zob MAZ The, 70°ColA 2~397t X-ray film (Kodak)
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Northern blot £A1

AP0l N HEAY YO EHFE guanidine thio-
cyanate ¥ (McGookin 1984) 2.2 total RNAE £33t}
)% total RNA (10 ug)E 1.2% formaldehyde agarose
geld] A7|9%E3 2, capillary transfer O 2 nylon
membraned] o|AZth Prehybridization £9¢] 50%
dextran sulfateE F7}s14 2+ A& AY&ITE Southemn
blot F-Ao Ao} FUS WY E A Th

Za gl 3

#o] zExtek HSP §A4A7F E¥ Agrobacterium
EHA1013} 3-5ujst A28 hygromycino] H7he A
iAol A 357F wiekst A, wjkRrlolE AE g F4Y
Aot Zdo]l A=l B vERIIoY dF dese]
73S Zdd del2e] MEZRE hygromycind] A&A&
el e MES Aeize] T4 #F=ith
At AHAE Ne A8l wix|oll Xgste] ket At
W 25 FRE =4 (580 Aol #EHALH, ¥
3~5F ZAFH x| Fsrt #EFHJT (Figure 2A). 71U
da ARt A& AR AME HEAE
(Figure 2B) 45Y 5 F7AAusle] &3 o, 3R

p
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Figure 2. Plant regeneration from seed-derived callus of orchard-
grass transformed with Agrobacterium tumefaciens. (A) Shoots
induced in regeneration medium containing hygromycin after 3
weeks of culture. (B) Hygromycin-resistant plantlets with roots and
shoots. (C) Transgenic orchardgrass cultivated in pot for 6 weeks.

QR A0] HENE - TT

o2 A AN BFAIHY (Figure 20). oW &3}
d NEAE BEST 2o] AR Qs A
02 zpolg YERNA &gttt

AEsE 2 ER 9 genomedl| £ DNAVF BFAo2
AYEA=A Y GRE gelslr] fl5te] PCR ¥4 AAs
73}, hygromycin 50 mg/L7} 371 i) M &S 2]
EAllA daariel 2938 03 2 0.8 kbps) PCR AHE9)
& #Rlalsltt (Figure 3B and C). 18U, F2A86}A]
A2 AEANME BolFed FEAE] EAEA FUT E
3 AA A EAZEE 213 genomic DNAE #|3t&
2 Xbald} Sacl® 2 Arrste] Southern blot #4185 A%
Ao M T PCR BaoMet Fdst ZHE Ut
(Figure 3D).

Agrobacterium< 043 A& FAAY T golle B4
E9] genotype, M 23, wix] A 2 Agrobacterium
strain 59 Q0] e vy ALE d¥A doH,
ol 82l FolA & 3
9] genotypeo] 7FF & JEFE v RoE dHA Ut
(Hiei et al. 1997). ¥ d3ME AT Ae
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Figure 3. PCR and Southern blot analysis of transgenic
orchardgrass. (A) Schematic diagram for PCR amplification of 35S
promoter and OsHSP17.9 DNA fragments. (B) PCR amplification
with 358s1 and 35Sas] primers. (C) PCR amplification with 35Ss2
and HSPasl primers. (D) Southern blot analysis. Genomic DNA
from wild-type (WT) and transgenic plants was digested with Xbal
and Sacl and was hybridized with the *’P-labeled OsHSP17.9 DNA.
Numbers indicate independent transgenic lines.
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28 JFE A= FF I AolE AN 2, AL
Adhfx)o)| A} hygromycinoll A3+ S %lb A HlE2

‘Z2Ejo] 9 S 46.5%, EEW 9| 7% 58.0%F e
9t} (Table 1). Hygromycinol AGR-S zh= A5 A
palAel olalste] A& FUAY LA gL =
Elo] o] A9 8.0%, EEW o] 4 16.5%F VEho
Zke] Apo|7t AvkE A& EoFUrt (Table 1).

PCR #4] 2@ Southern blot ¥41-8 &3l 82 3lo]
Q% %A Wolx ¥lel ARAE HSP HA7E AR
2 FRYEAY ARE AAe] el 4BAY Yo
E] total RNAE 2|3} Northern blot #4]2 A A| 3]
O A, AR BE AEA A Gdariek 59
kbpe] ZrA ) &Fo) BEH YH FAAT}F T
2 dddde A& Yepidoh (Figure 4). =3, =9
Axre] o] HAHE 2EA Alolo Apol7t Sle AL
2 Yehged, ole EY¥ #7449 copy number9t AFYE
$) A 2 somaclonal variation 5ol 23+ x}olo] 7]Ql3ci
B 759t (Kuhlemeier et al. 1987; Larkin and Scowcroft
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1981).

AEAE ool % SgoENE Hist ¥ B2
2 28ke] AR HSPY) & obf B7E uh= glAw, 3
SABoM ARAT HSPE 7287l AA wuzs)
19717 %Ho] s RO deid gom, ol AT 2
Sp% WA SO AEAR HSPL 30T 498

Table 1. The variation of transformation efficiency in orchardgrass
mediated by Agrobacterium tumefaciens EHA101.

No.ofcalli  No.ofcalli No. of transgenic

Cultivars  co-cultivated  with HygR plants 1(3;:;
A) (%) (B)
Potomac 200 116 (58.0) 33 16.5
Frontier 200 93 (46.5) 16 8.0
Transgenic plants
WT gence

1 2 3 4 6

Figure 4. Northern blot analysis of transgenic orchardgrass. Total
RNA was isolated from the leaves of wild-type (WT) and transgenic
orchardgrass. Numbers indicate independent transgenic lines. The
lower part of each panel shows an ethidium bromide-stained gel.

g W ohal 9o oko] EA ek HSP7F LFHTE RS
oju)glt} (Lin et al. 1984; Kimpel et al. 1990; Vierling
1991). ¥ AEAF HSP= 2ol oJa) opr|sl= o
o) BAME NEALS IF Mul oz} wAH oy

v' o = 1 =
A 9] refoldingg 71313 why o] v E31A] unfolding 4
E FAAZIAY dAE o

o)
B} S AAF2EA A
R

x| € &4 FHasksid Ax FG A7 =
59 EA AESRAY] JFE Stk AR dHA
2t} (De Jong et al. 1993; Waters et al. 1996; Garrette et al.
1997). AEA 9] 22 YA 5] qlo] AExF HSPY
715l B ARHAQ FTAHREA, AL FHHS HEAE °]

£-3lo] AEA HSPO| S 93t 212 Yol g5o] B
TE T Ut} (Park et al. 1996; Banzet et al. 1998; Lee 2000)
webA, B dpelA v fele] AMEAZF HSP {34z
(OsHSP17.9)7} 7ZysiA w83t ZAoE Yelhd 1,32 6 &
o] FAAZ QA= HAE o83t (Figure 4), A2
Ao g5 RE dAl AR Uk

olyel Ane Fajol A A% eI Ae EA

agle] AHAE o]8sled Agrobacteriums ©]L3F FAA
3 HPRS 8y } Aok 23y, Qb= Td 48] 215 A EE
717k 3 FAHg 3%9] s Eo:—"ﬂ #Hg A7 A%

Holl A Felat A5 HSP -84 (OsHSP17.9)8 93}
T2~ (orchardgrass)oll £¢8t7] §std Agrobacterium
2 o2 AL Aol ol ARHE AU oA
A Ao AHAE OsHSPI7.9 $AA7F &
# Agrobacterium EHA1013} FZ8)9F3t ths, hygromycin
Aty A# 22 RE] hygromycin A HEAE AATH
PCR ¥ Southern blot 41 Z 3}, vje] &=}k HSP -5-A =}
7} ARt A EA °}Zéx42§ ‘:°3ﬂ212*°‘ @r°13}°j°
o, ZZ 7}o] ¥AAE &8 oW o] AL 16.5%, '*
2glo) ¢ AL 8.0% S WEPHO*U} =&} Northern blot -4
a;}’ Eol;} ;q;(}ﬂ]. ) x-]g};g]o)]}\«] 78]}\]-;(4 oz Hl—?ﬂih:}
= AL Isigen, FAATA Y AF Tl BAZFY 2}
o2 hepnsich

AAL - B A= =grie/ieialed (19970398) 2 20008 =
ZAE & Post-Doc. A=A Lol 2]dle] 43 E A2
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