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ABSTRACT One of the limitation for Agrobacterium-mediated transformation via organogenesis from

cotyledon explants routinely in cucumber is the production of chimeric plants. To overcome the limitation,

Agrobacterium-mediated transformation system via somatic embryogenesis from hypocotyl explants of

cucumber (c.v., Eunsung) on the selection medium with paromomycin as antibiotics was developed. The

hypocotyl explants were inoculated with Agrobacterium tumefaciens strain EHA101 carrying binary vector

pPTN290; then were subsequently cultured on the following media: co-cultivation medium for 2 days,
selection medium for 5 x 14 days, and regeneration medium. The T-DNA of the vector (pPTN290) carried

two cassettes, (/bi promoter-gus gene as reporter and 35S promoter-npt// gene conferring resistance to

paromomycin as selectable agent. The confirmation of stable transformation and the efficiency of transfor-

mation was based on the resistance to paromomycin indicated by the growth of putative transgenic calli on

selection medium amended with 100 mg/L paromomycin, and GUS gene expression. Forty eight clones

(5.2%) with GUS gene expressed of 56 callus clones with resistance to paromomycin were independently

obtained from 928 explants inoculated. Of 48 clones, transgenic plants were only regenerated from 5 clones

(0.5%) at low frequency. The histochemical GUS assay in the transgenic seeds (T1) also revealed that the gus

gene was successfully integrated and segregated into each genome of transgenic cucumber.
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FES 7R AEA Y o] AYH o= A
53| Aot 23}k 22 v] HESHH AET
NEE S 4 FeHoz
P21 Qlt} (Horvath et al. 2007).

27] HAHEL Agrobacterium rhizogenesS ©)
5te] == T (Trulson et el. 1986), 4. tumefaciens-2-5-uj
o W A 9 W A SolH TS B9 5
X2} £glo] o] R o)X 2kal (Chee 1990; Dong et al. 1991;
Saramento et al. 1992; Nishibayashi et al. 1996), £3] ||
< FHEE BAoR Qo] ME, fuk FojA] uo]g A A
34 FAAEA7F AL EIQITH (Gaba ot al. 2004). TE|L} o}

fl

A% st} 29| YUABYFNA 1 2 BARE thy
Z71900] o3 fEHE TR A

“escape” @A} (Cardzoa and Stewart 2004), B AR EA] AH 9
A dd B W w2 A FEATA BN (Gaba et
al. 2004), AYHTARZA ppl AR A4 (Cho et al.
2005a; Gaba et al. 2004) 50| AAE T glom, o]zt £
e SESH7] 918l Lololl] AUARA] bar §7219) o
& 754 9 Agrobacterium o5 7+ 7G4 v A (Cho
et al. 2005a) 18|12 FYU3t BF}RH= ol A 48} (Kwon et al.
2007), 7FA1 2} 2HE-0] W3 (Lee et al. 2004) 2 SRR} 2B
] | (Hiei et al. 1994) 5-0] AlSAH o 2HE A 7|what
e AXA o AL FATES AR T gEAIAE
Aioh= HH AR FAHE Al A”lo] FEE o] gt 17
U 20]9] 7% o Ao HAzuf 2SS Bk 2B A
Ajo] o]$_o17dz]t1]- Chee 1990) BHH]—}H 7143-]/&_4 /dal—l_]_ A
Az Re AEA 2o HAYTA Y of2g oo thA

71991 ANZHIAS B} FAABAEG A waE

upgha] B dAPoAE FIH o ] A
YA Qo] AlEzL 7HH1-27P ER o7 WA $o]o) o Aol
o A FA Qe FAAS L sealy] Ystoed 2 20
Mo FFL2RE Ak ] djEbgo] 7p53t «oxr T2l
o5 HHE ol&sto] FAXBAE AAlerdzlo] Harst
A} i

%zﬂ-z% AE Eﬂ
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E N2

=W 207 20] FF F AT S e 24P
FAE 70% LZ-2 187} 2% sodium hypochlorite-8-4 ]
15820 3 At 3FATE 2% sucrose} 0.8% agar7} A7}
MS7]28 %] (Murashige and Skoog 1962)0] HE=|t]4] o
107]9] FAFE A48kl 25°C QPATEoll A 10Y 59t WotA]
Atk 9o 102 % olsl 20| AEARYH a3
(0.7 em)& At 3§t Agrobacterium} F-SujoFsl7] 95t A
22 AMgstdt

Agrobacterium tumefaciens strains

Ubiquitin T2 R ¥, Gglucuronidase (GUS) S-AA}, At
FA|2A] nptlI 7R} (pPTN290, Figure 1)Z freeze-thaw 1
©2 EHAI0 o] B AMasE] Feem ALE519IT} (Jefferson
et al. 1987). 50 mg/L streptomycin®} 50 mg/L spectinomycin
o] 47He YEPAARA] 50 mLe]l 2}z}F2] colony S %5}
BCR 8AIZE o) W43t & th==7] F417] (ODgso = 0.6

A9 zopE 2 9] - 1.0)9] & AME3oTh
N T _ — =__ ==  _
g 8 -~ ] 2= = 8 .
T g R TES g3 S
RB , Ubi promoter GUS Plus-Int ™ 35s poly A 358 Promoter LB

Figure 1. Plant transformation vector (pPTN290) showing restriction sites. T-DNA region of pPTN290 vectors (RB-Right border,
GUS plus-Int- GUS gene interrupted with eukaryotic intron, 35s poly A-35s polyAAA tail, npt IT ~ neomycin phosphotransferase

II gene).
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Lo FAASAES 7] st oF 92874 viZ HHS
pPTN290HIE| = A H3IA| 7] 25 mL 2] Agrobacterium-&N
(EHAI01)f) 30 59t FR8t & F5H)okE 2] (co-cultivation
medium : CM, "o MS salt, 20 mM MES, 100 mg/L cysteine,
1 mg/L 2,4-D, 39 mg/L acetosyringone, 3% suctose, pH 5.4)]
15704 23ste] 39 F2t 35 wgatolct 35 okt
ZAUE 3 - 53] FAIRE & M)A GE8)R] (Callus Induction
Medium: CIM, MS salt, MS vitamin, 3% sucrose, | mg/L
24-D, 100 mg/L paromomycin, 50 mg/L ticarcillin, 50 mg/L
cefotaxime, 3 mM MES, pH 5.6)] &4 6 - 85 &9k 25 7}
Aoz Aiulel stict f=d AL F oA AYAE
Fu) sloflA] Alksled 'y MS 712807] (', MS salt, 0.5 mg/L
GA3;, 50 mg/L paromomycin, 50 mg/L ticarcillin, 50 mg/L
cefotaxime, 3 mM MES, pH 5.6)0] &4 S4EAE <UL

= viX] = 8 g/L Phyto-agars #7}5}7] A pHE 24 5}0]
121°C, 12710l A 158:7F 39t Bt 315121, 90 x 15 mm

. a '

Zetay A= 4)0) 25 mLA RZ3te] ALt )
F2 14T 2= vfFaloA Faparote} njuray A
&b oF 2H0R T2 WY APLZEE A2
GEE BT 46 pmol m?s' &) 16X17F G370l A ik 81
ok Adejz] o)A G FAEA s EYOR $A 2494

<%} st
B-Glucuronidase (GUS)LH

Agrobacterium3} ¥|ZERE FFMYF & 5 Adujz]of
A 6 8% Eok HjoF & Ao An sl GUSEE FRAEA
(To)ZEE 8151 T\ ZAE 37°C o)) A S-bromo-4-chloro-3-indole-
glucuronidase- -4 of| 2] A|F ) (Jefferson et al. 1987). 244
7t 3 70% giE fHoR B A7 T GUS PRS-

(¢)

bl oo &

ABHH, TIERIH GUS S

Figure 2. Plant regeneration from hypocotyl explant of cucumber transformed with gus and nptll gene. A: Callus formation at
edge of hypocotyls explants cocultivated. B: Selection of callus on selection medium with 100 mg/L paromomycin, C: Proliferation
of paromomycin-resistance callus on selection medium, D: Somatic embryo formation on the surface of calli, E: Somatic embryo
with GUS positive response, F: Plantlet in bottle, G, H: Transgenic plants grown in soil, I: Control seeds, J: T1 seeds with GUS

positive response
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oA A== 20789] Q0]EE FRE T dolA]
A Q& FAEAY & AEE 1.0 mgl 24-DE A7)5t
MSHjZ|of|A] ujFst A3k, aff HAY S AHAE FAs= o
o (24) 1FFE& A% steltt (At oA A)). A4 Ew &
Ae& 2= 24 vi5 ERE dgrobacterium™} 3-58)F gt
X paromomycinol H7HE gz oA wjoket A wiof
23 3 v A 7P A g AR R
g Lghio] Azt 4 =7 ARt w43 5
Hi = ZPgAE] ol A FAJE kA o] Theddl A (Figure
2A)E Ao g 2alsle] 22 7HH0F 6 - %0} Hijo}
SHA wEA Yo AA G2 AU} (Figure 2 B).
SR u|Fstol A o]gt W ARRE Pl AHAE A
Wato] AR (Figure 2C), ' MS 7] Eu)z]o] $7
AMZEE F=3 & AEAE DIt (Figure 2D - H). 4]
B2 E55 Aol whet uf Ay AA0] Hej 9 Al EH)
23} 5] the 4= 917] tof (Komatsuda 1992; Choi et
al. 2002) H¥ FHof W= FF Ee A Adsie] A9
of o}-8st= Ao] Fasttt & 4= ek E3] 2019 H9=
o] FEolAe AMZE FART= 73RS 5
g A=A ARET HA o] Fo1R] 7| Phito| (Selvaraj et al.
2007) AMZal S S5 FHAATA AS FHo=
A % 2382 deFHolet & 4 ok B dFo
e oA f55= 204 74219] 5% & 24 %
o] HiEHHOZRE AA|Zuf PAYo] 7h5otgon, it
9 FFoMe 713 ol & ojFolHt (Cho et al.
2005a).

8% %7| paromomycin®] H71H Aufzjo A wls AH
SziE Aed FAo] e oFojz ot AiA|d
A 25 YA 02 Adulofehe ot AAte] whE Az At
9 Aejag FEEG o] wd Ao A2 A
iAol Fzh W3 Fdg oA AFo] o,

whE S Wol AeAe] e WA LehtA] 29t
on, =ro) det Fe R A vy Aot FAREA
th (Figure 2C). FAXGIANA H7txlE AHA Q] 5
of wet AEZAE0 w2 theFstA Uehdtt g EW
glufosinate= FAHto] Pojupr] gk A ZHfole &

Ruol 307 Az Qs AAF o2 A ZHAE
F& HolAA AL ZE FAL AlZ|A5H (Muller et al. 2001;

[e}

Cho et al. 20052), paromomycin-2 neomycin phosphotransferase
I (npell) fx 2480l o3 EFASFH O RA §RHslo)
YopA] ¢F2 MZ e WIEAE, FAAS A2 A
AL 2 ool AR Y2 WA AR 4 9
7] W&ol (Roa-Rodriguez and Nottenburg 1999) %—.— z
< BAG Aol A A GEE 7 FEAEA
AAFOILE (Cho et al. 2005) Hj2} B9} 228 AR}3} 4]
=9 W% dHoRRY AA F42 F3 FHAIAE
dedl 402 o] 85 o] YTt (Cho et al. 2006, 2008).
olof §A1317] 2ojoh FU UL Sute] YK
A2 paromomycin®] ARFA I BHolE|lth (Kwon et al.
2007). 2 A 4= paromomycine =gHA o] Thelst Sef
S AT WE WS Hole A 0 A& el
A5 Solt Bz TR WaRoRYS

AR Asg HEs ERHYL & 4 Ao
O~

F

09‘_. _l%ﬂl

Agrobactermm-lqL 209k 3t 92879 v AHoZH
BiQF 6 - 85 3 AWFE 56719] AHAE A}
Azre] ARl S ZARE A2 AE27F HaRlE (2.1% -

9.1%)= 2ko]7F AR oLt 4871] A 2o GUSGAR7}
AHE ] 52%9] 2 Y=g Yehdch (Table 1). o3t
Ao A2 e Zﬂ*ﬂ H%‘ J& 3 AEA A AE 2
oA 271 (0.7%), TAA 17 (0.6%), LRAVI Tl A
270 21%)F 2=t ?:‘01 T 705 22 59 A 28
oAt A2A7F frmso] off- Fe vlw (0.5%)F ek
o} (Table 1). AA ez e] B 5702] FAEHF A
LA AR AT dFeAE Bl TIEAE 88 = 9
ow, GUSHAARZ} thz5 (Figure 20)f) v|3)) StAH o=
LT 2 skt (Figure 21). 7] 20]9] HA
g A7 diRE o, ulE 9 AGEHC R R J) S
23l 0]F0]7 0]Z (Chee 1990; Dong et al. 1991; Saramento
et al. 1992; Nishibayashi et al. 1996), ZZ7HR| & A A £u)gt
A (Woo et al. 2001)Ert= 7| AL B A1EA4 A4 2
HAXMZ A7 W= 2 Q) (Lee et al. 2004; Cho et al.
2005a; Vasudevan et al. 2007; Selvaraj et al. 2007). o] 0.
& Woo (2001)5-& vtz Aol Hehjjore 23 32
Ak Ak 215t A5 Al sl A FAHS

o2 GUSH

A& APakstA] E8to] Q019 AlZA| A2 A A )t
L o7|gdlo] R 48 Aog HiuEo] 9ty B Hit)

HE HPBROZRE B A Bels 48 3
S AR HE7A = 7|3AYA] UERU = chimeric@Aro|Lt
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Table 1 Formation of paromomycin-resistance calli and transgenic cucumber from the cultures of hypocotyls expfants on selection
medium amended with 100 mg/L paromomycin after Agrobacterium strain (EHA101) carrying pPTN290 vector cocultivated

H ol No. of No. of transgenic cucumber by GUS expression assay (%)
ypocoty .
. B paromomycin . No. of plantlets regenerated
Experiments exsllja;trsjtrsedco resistance call N((;.Ugf Ca".lt'.S clones with from embryogenic callus clone
{%) posiive response with GUS gene expression
| 270 18 15 (5.6) 2 (0.7)
Il 92 6 6 (6.5) 0 (0.0)
il 163 8 6 (3.7) 1(0.6)
vV 92 2 2 (2.2) 0 (0.0)
v 64 4 4 (6.3) 0 (0.0)
VI 96 1 8 (8.3) 2 (2.1)
VI 55 5 5 (9.1) 0 (0.0)
VIH 96 2 2(21) 0 (0.0)
Total 928 56 48 (5.2) 5 (0.5)
L0 u] FAASA AT (Gaba et al. 2004)0] H]3le] & 2] AQ] paromomycindAEA| AP GUSHAAY]
oo mabaolgicy. T GUSSAAPEEO] Bholsl B W ojio] o3 AL Agrobacterium3t FEHOkE
A A BYAZRE wpabgdeA A AN Eege 928749] #E&HHe)A paromomycinof AFGE Zb= 567
U A AT 47 S OB vt FF oo 9 s T IR oF 487} A 2E (2%)°]
FURBAS PR A YN A AT A GUSHAAE dE o dRsT ke Susit
A BYAZEE ABH Yo i HH ) Y2 AL T 48749 PEjs FEFA 24 5749 AL FEORTH
Yot 70| Wadolzh AR @A uTh Mo ABAE Pol W WE (05%)E Uehith £33 TER
HLE 9] AR AL T&57] 9Jste] A A oA GUSHAERS qus 7L o] Aol Ao
A A arnE ABYARG NEE /ML 9 BY L SEET 982 T sl
72 Ak ek
A AL
X [®]
A

AgrobacteriimZEH|FHO R 20]9 7|IHYS EI
FRAAZ A 71 EAIF Fott chimeric 8424 2]
arAHl o). o) 23t BAIAE S 9iste] dHAA=A
paromomycin©| H7pE AujRloflA 24" FFo| wisA
Hozue AMLifgYS Fo FAPFAILEE 7t
gtk wlEHHE pPTN290E AW E 7} =% Agrobacterium
7% (EHA101)o]| 3057 23 3 2207F 2ok 5193,
Auhjz]of A 23 7HE 0.2 53] A wiokstEA YA A
g Ao Adh AN ZeEy 2 AEAE F=sH i
pPTN290+ 3 ¥ £} 2] T-DNAX reporter 8224 Ubi Z2
REo) o8] gus AL 2 HeE a2 A=
A paromomycinol| A& ZHe= nptll AR 7} 358 TR
Blo] o3 YHEHEE ARt A FEAASI] Y=

45 571 de AlE (ARPC) 9] | S 1
o} 3 sty on, YHegtAZIE Tom ClementeBM AR F
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