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ABSTRACT To develop herbicide-resistant cucumber plants (Cucumis sativus L. cv Green Angle) embryogenic
suspensijon cultures were co-cultured with Agrobacterium tumefaciens strain LBA4404 carrying a disarmed binary
vector pGA-bar. The T-DNA region of this binary vector contains the nopalin synthase/neomycin
phosphotransferase I (npt 1) chimeric gene for kanamycin resistance and the cauliflower 35S/phosphincthricin
acetyltransferase (bar) chimeric gene for phosphinothricin (PPT) resistance. After co-cultivation for 48 h,
embryogenic calli were placed on maturation media containing 20 mg/L PPT. Approximately 200 putatively
transgenic plantlets were obtained in hormone free media containing 40 mg/L. PPT. Northem blot hybridization
analysis confirmed the expression of the bar gene that was integrated into the genome of five transgenic plants.
Transgenic cucumber plants were grown to maturity. Mature plants in soil showed tolerance to the commercial
herbicide (Basta) of PPT at the manufacturer’s suggested level (3 mL/L).

Key words: Agrobacterium tumefaciens, Cucumis sativus L., herbicide-resistance, somatic embryogenesis,
transformation
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o] 7 A7HE3Rd (self—mcompatlblhty)O] 2 A&7t 5
T At} (Deakin et al. 1971). x|7}kR) &) Q0] A& 3l= Thek
Q0] (Cucumis sativus L)'= AAA 1067004 A7 oF  3A BT (Chee and Tricoli 1988; Kim et al. 1988; Chee et
19609+ E (FAO 1995)0] AAlw= ) F=2A4] Qo) 44 al. 1990a; Punja et al. 1990; Rahajo and Punja 1994; Kim et
A& sut =23 37 w3 (Cucurbitaceae)2Zo) 43t  al. 1998; Jeong et al. 1999)F o] glon), &&] 714 FAA3Z
Ueffrey 1980). oI5 3} A1Ze] 2 0 Aaie) ML 710E 0|83 A8 EUE 7R mprl (Chee et
al. 1990b), Chitinase (Raharjo et al. 1996), SOD (Kim et al.
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#7172k e, 2 Rk o3 copy Tyl <@
gene silence, A 7|&A oJHF Fo] Uk Hehy
FE Tk mEA BEsy ARslso] 8 wpday A
229} Agrobacteriume] ZEZw|ok0 2 QoA IF3 &
g 7HA 2ARE AT JheAEE BRAFI 9o, dA7t
A& H (Hiei et al. 1994), = (Perl et al. 1996), th5 (Trick
and Finer 1997; 1998), cherry rootstock (Machado et al.
1995) Sl Hixef 9k

HIMH A A 24 5 $712) 9] bialaphos ] F4#<] phos-
phinothricin (PPT)-2 glutamine synthase 2] 28 2.9)¢j) 7}
gk affinity 2 43t glutamine ¥4 AN TN, 21 E
Aol FEUoF (NH )57t F7hete] A&47} 2o
TARSEL gk 39l Streptomyces hygroscopicusol A
Aol Aakst PPTE F538kstE &4<2 PAT (phos-
phinothricin acetyltransferase) &} At (bar)7} S35 31
T} (Thompson et al. 1987). ©)& par A= BAAEA selec-
table marker 24 ¥+ phosphinothricing 331 A %)) 2]
A AZA sfdel) Beol o] &H itk AFWA] bar F
Azt 2L B3 ARA AR AEe] BY AEZE 9
(De Block et al. 1987), th5 (Casae et al. 1993), 245
(Spencer et al. 1992), H.2] (Wan et al. 1994), @ (Weeks et
al. 1993; Vasil et al. 1993), ¥ (Datta et al. 1992), ALEFT
(Hall et al. 1996) o] Ut} FijollrE oA A& BY
Atk (Lee et al. 1994).
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F1 &% 2.0 (Cucumis sativus L. cv Green angle)ol A &
g ity el A E (Jeong et al. 1999; Kim et al.
1998)E 1579 7H4 22 | mg/L 2, 4-D7} F7td MS
{(Murashige and Skoog 1962) SBA|u =] (MS1D)ol| A A ehul
FatHAl APl AN AT

FAASY v AYAE AW} fste Al WA
TR AMSEE], WA o]E gAY tid Qo] witAy
Ao ASAH HALE ZAEAD o2 s Zz)
kanamycin 0, 50, 100, 500, 1,000 mg/L, geneticin 0, 3, 10,
30, 100 mg/L, PPT 0, 2, 10, 20, 100 mg/L =22 347}
A7k ¥ix] 20 mL-& 150 mL Erlenmeyer flaskel] €37, &
of i AHAX 5mL (viv)E FHrbste] 1597 Y ¥
AP Hd A HEsTh

HAIE B o] HEHE

E Age AM-E bar §-AAE 7}2] binary vector (pGA-
baryv T ey AE&E IFAAIN Edol AME-aHTh
YEP agar ¥ Ao 4] 29 7F v sle) E2UE Aisly, 5Y
gk A Al 2 B3t vt HELOE AT
HAMGEE 93 3UA wWFF v deis Hebd 40
ml (v/v)oll 0.1 M2] B-hydroacetosyringone 20 WL} Agro-
bacterium 200 uL.'58 #7}3k gyratory shakero)A] 40 rpm
O 2 48 AJZF FF 25CAAlA FF wiekstTh

HEMEH | T2t

Agrobacterium3}t 48A17F F= aljokgt Qo kAl ek
ok MEZ Agrobacterium2 A|A3H= 3AAIQ cefotaxime
°] 800 mg/Lol 7t AA|A) (MSID)Z 13] AH3 ¥,
A2} cefotaxime TEE B0l FHA 2~338] A AT
cefotaxime 300 mg/Lo] AH7I¥ AXu)x] (MSID)oA] 3
7 Ak 2, AA AR (MS + 1 mg/L 2, 4-D + 300
mg/L cefotaxime + 100 mg/L kanamycin + 20 mg/L PPT)
dx 157 A0 g Al st 257 Akl 1Ak
A G A ke o el AXE 2,4-D
7t AAR LG IAR A Ha ojgste] ANENES 7
T3tk drF el AxAed AagE 7HRE A L)
2 Mwsle] A<z (1/2 MS + ABA 1 mg/L + GAs 0.1
mg/L + cefotaxime 300 mg/L + PPT 20 mg/L + gelrite 6
g/L)ol A 257 FRACE wjokaly, WoluiA] (12 MS +
cefotaxime 300 mg/L + PPT 40 mg/L + gelrite 6 g/L)}| 4]
AAEAE ASAT EdE Bl £3lsle] ®Es
SR F T4l ol stgiTh

Northern blot A

Yol A9 total RNA ¥#]&= guanidinium isothiocyanate
(GIBCO, BRL)E ©]€3% Chomaczynski#} Sacchi (1987)
S o7 WE e F53197, 1 %S spectrophotome-
terZ 73 tE 20 ug9 total RNAE agarose gel Afoll A
Z7] %3ty AsN8la Nytran membraned] capillary
transfer HO2 ZFolAIZTh olu bar 429 probes
random priming W% (Maniatis et al, 1989)0.2 [a—32P]
dCTPE EA3}5ith Membraneol] probeE F7}81e] 60°Co
A 16A17F F9F w231 th. MembraneS 60°CollA 33] A
A3 F 70T A 8417 %<t Xoray filmol] =3 & th

24 e Al

bar frdAe =9 9 IEo] ElE Qo] FINAE F
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YTE 24 A 2ANEE At HAA WE
Al B AAAR Qo] HEA FelA AREHE 4

JA A ZA| (Basta; A%) 3mL/ALE 171€ 7H802 AN
23] Az A2 109 o)F AxA] A FFE
FAs AT

2 o
20| dighde|A0f SHAK| Zbpld FAL

ek el Qo] wilAl Az Ao kanamycin, gene-
ticin?} phosphinothricing x&sle] YAFAs) JEZE XA}
&tk kanamycin A 2jol= QA AEE P87 A8
IAREA o] HA ATl Ve Qs glzgre] )
3 1,000 mg/L A2jolX ¢k 70%9] FAAsT ebdS ®
OE AzTdMe TR Hert et ggttk o o)
Z79 g BE Ao wix|e] FAo] At AlY
Foll &7 F A EY Aol Ml el jol& el
ok 2o 73S 24A7 o) AR FAHEA GRS
™ 50 mg/L FEAAM a7 7P fFAFEAAL, 5003
1,000 mg/LAME 4 B HE w24 JA=Qch (Figure.
1A). Geneticin Ag)ol= TE 7oA ity Az A9
F4o] 73] AUk 7F Bt 5 3 mg/LAAE
7ol HIs) 48%2 21 JeRSith 10 mg/L ©]439]
AgAMe FAEA 43 A4S Jeple A
(Figure. 1B).

PPT Heldle TE A M Ht} W Fko] A
Foll M wibAy e 0] Z2o] TlaiA AslElom, A
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A ok T2 14.6%F VERAth (Figure. 1C). A
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HEH U
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Figure 1. Sensitivity of embryogenic suspended cells of cucumber
(Cucumis sativus L.) in different selection agents. Suspended cells
were observed after culturing with selection agents for one week. A,
Kanamycin; B, Geneticin; C, Phosphinotricin.

=z + 55

B ZigjAo| M 3l RYES}

Agrobacterium=} 29 7F FEujel & A Ao Ao %7)
HEART A% o2 uiry AR A wj 1Y
ojf-FH AHAvt At Ao ZMEHACE v TR
= URF) vEA FAELEE Uoron) A gl 7
BAvt HYAoE Ty ZWE dejiel S3E AHE O
Atk kA A wiRjel A vk TURFE FHAAS &
& JRACE g% 4 AUtk AA v x| oM Adrg
W BelAE 2, 4D7} WA ke AR B
W F, 4%5E Aeize] EHolA ATk skt
(Figure. 2A, B). A2A A34& veplls AAEE 1
mg/L ABA$} 0.1 mg/L GAs 7} 7+ AdsufR|ol A kA
o8 A%l 3 27 SS9 2AEAE TR
o} (Figure. 20). §ARBA @S thze) vy BejA
= 20 mg/L PPT7} 748 wiAolA o}2el Z4j0] Lehix)
%3 ST (AR BIAA). &2 EA = PPTE 40 mg/L
2 5 WRME et E77F AEeE desict
(Figure. 2D).

Figure 2. Development of PPT resistant cucumber plantlets using
embryogenic cells transformed with Agrobacterium harboring bar
gene. A, Appearance of somatic embryos on selection medium with
20 mg/L PPT; B, Discoloration of PPT resistance green cell and
somatic embryos in light condition on selection medium with 20
mg/L. PPT; C, Plantlet regenerated from somatic embryos on
selection medium with 20 mg/L. PPT; D, Green plantlets with
rooting on MS basal medium containing 40 mg/L PPT.



56 - Korean J. Plant Tissue Culture

bor IR ol Y e

TEAA olF TA MY o)) A o AH As
o] DNAZ #8312 PCR 242 4A 3 Az, pGA-bar
HEE FYPOE FXE A FUF A bar 9 npr £
k] band7t FRIE QAT PCR $-E4HE0] bar HAAE
Southern blot ¥4} F3}e] A& h (AR RIAA].

o] & FAAY NEANA bar SAR] LHE FAIE}]
&l bar probe2 ©]23}ed northern blot 2418 AA|gH
A, h2TE AL 5719 FAAF Qo] MA MAAA
JAHE oF 0.5 Kb 9X]9) bar-mRNA W=7} B8R 5] 9]
& Aot (Figure. 3).

e 848 1ty Adte] AF vk Ak
279 HAAS Qolo bialaphos == PPT7} 3-8 4
AR ) sE AZA] (Basta; FF)E 3mL/L FEE A
23 A, 275 Al 3Y o] F5E ZMHAEXA I
Aol YeEO v bar A7 T8lE FAAS 2ol A
ZA 23] AxAME AP Holn s st
(Figure. 4). 0|3 242 &7 FHAHS 20l gujg #o
| e g AgAsigh

&

[

AA7EA] AEA ] ) FH2 P A yAAHE 7]
zo] /AHe] ot I F iFEE NPT [ §HA4E 3
AABAE AL3IAh 7186l B E 20] FAAE I
ME FUT AEFAAE o] 8313 AYEZDZ A= kana-
mycinTHs AMSEGTE B Ao ALY Qo] widA A

2% kanamycinol &3t F2As= A et A 4%
o} ol MY 4 B Ao tekd FNEZDS A
ato] AFAA|HEE AN Dekeyser 5 (1989)9] ZAzet
o ARk, HE st S AEAe <l7 kana-
mycin®ll & A3JE Je I ke Fol BuE v 9l
t} (Hauptmann et al. 1988). &=3F 20]2] FAASAZ APA
3}7] 938l Raharjo 5 (1996)2 kanamycino] $-5-F v =)
AN 717 v A AP ot AkE wlEAy
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Figure 3. Northern blot analysis of transgenic cucumber plants.
Total RNA was hybridized with bar DNA fragment labelled with
*P_4CTP. C; non-transformed plant; Lane 1-5, transgenic plantlets.
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A7t AEshgol Zadle 2g B

ol9} o] Qolo] AT M= kanamycin Aol 23
A E 2 AR TAaE Pk ARt W7
Aol 7H5% 5~10 mg/Lo] PPTo] Aol AT Zo=w
BT $H 10~20 mg/L9 geneticin®] AR 7HsE
Aolc.

YAAWA A%e] PPTE ol&ak: ¥ge PPI7L
STNE YAAVHA S AL L HEAS AU
Yol (NH") - dalN A7) dEe] E343
selection agent2 Y& 1T} (Shan et al. 1986; Akama et
al. 1995). WEtA AEFARPA) AT 7, AL AR
A, M) 13 A seet Ay 229 Mdee 1
stojof & Aolt.

HA7A wgA BeAE FARE QS AHEE 232
EE 2H2 ¢ DNA £¢ (particle bombardment, elec
troporation, PEG-transformation %) ¥i& AREslith b
Hel) v B 2o Agrobacterium®) T-DNA Ao &
ol &3 FAMS 71£ HI7IA H (Hiei et al. 1994), X
(Perl et al. 1996), th5 (Trick and Finer 1997; 1998) So] X
o gick

T
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Figure 4. Herbicide resistance in transgenic cucumber plants. Non-

transformed (A) and transgenic plants (B) were sprayed with Basta

at a concentration of 3 mL/L. Control plants were killed within 10"
days, while transgenic plants were grown normaily.
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