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Development of transgenic cucumbers expressing Arabidopsis

Nit gene
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Abstract To produce transgenic cucumber expressing Nit
gene coffering abiotic resistance, the cotyledonary-node
explants of cucumber (cv. Eunsung) were inoculated with 4.
tumefaciens transformed with pPZP211 or pPCAMBIA2300
carrying Nit gene, that has cis-acting element involved in
resistance to various abiotic environmental stresses. After
co-cultivation, the procedures of selection, shoot initiation,
shoot elongation, and plant regeneration were followed by
cotyledonary-node transformation method (CTM, Jang et al.
2011). The putative transgenic plants were selected when
shoots were grown to a length greater than 3 cm from the
cotyledonary-node explants on selection medium supplemented
with 100 mg/L paromomycin as a selectable agent. The
confirmation of transgenic cucumber was based on the
genomic PCR, Southern blot analysis, RT-PCR, and Northern
blot analysis. A 105 shoots (4.12%) selected from the
selection mediums were obtained from 2,547 explants
inoculated. Of them, putative transgenic plants were only
confirmed with 45 plants (1.77%) by genomic PCR analysis.
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Transgenic plants showed that the Nit genes integrated into
each genome of 39 plants (1.53%) by Southern blot analysis,
and the expression of gene integrated into cucumber genome
was only confirmed at 6 plants (0.24%) by RT-PCR and
Northern blot analysis. These results lead us to speculate that
the genes were successfully integrated and expressed in each
genome of transgenic cucumber.
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4] o] H7]= FHek(Guy 1990). o] A&
Eg2of © ?5_ AlZol AT Ag 845 5ot Al
XEZ Y2 AL I = phospholipase C (PLC)E SAISHA| A #
ARQIAL A AHCBF, DRE)7F g oA thofst 2E
g 2o gt Y-S 2EA Stch(Ma et al. 2006; Gupta et al.
2012). < 7| HERE A2 Axo] WS 2=
SALEY S WARAA Nt AAE 229 }M—
o] A= 355719] ofm| =4t o 7 S/ E ] Qlal, 53]
Aoyt Ax A HAHORA AE LH* 75
7}71] s}& o2 o#HchLee 2008).
08 Qo] PYAMSL o} vjA| Ei= chimericE
g4l AzlEo] ofele Aoz A
FelAE Agdn 2 AL TS B
H o] 7 Al(Cho et al. 2005; Kim et al. 2008), A1
2 A bar-3-7A A9 0]4(Cho et al. 2005) 5 =&
o] SHgA IEE gt 7ol HAF AAE L,
]k] 7} tho] o] 8511 9l 249 F AL o]
A3} 7]<(Cotyledonary-node Transformation Method,
CTM)o| Qo] A = 7fdtE] o(Jang et al. 2011) 58 -4
A=) 9l A7F A EIL Aok B3 S oA =
B 87} chitinase (Kishimoto et al. 2002) ¥ ThHuk(Szwacka
et al. 2007) AR T oSS FERAATE A Y
ool% Austel ARE BF AR 0|8 s HS
NS 98, olsk o] §9, 1% W obAlol %7
A ool FAAS WS s 9% = gt
WHe ol &t ¥ AYA d SHLEH A WA FY
A7} o] Fof A AL ot oA 27| GAlR & 4 9l
i, FAAEA EH?* A =] A A SR
o] oA ¢kol AFFo = o] AAH L QI
upha] 2 ﬁ?oﬂ/ﬂi N7 =5 e et A2 9
Az 2EY Ao WAL 2= NigAAE AR A Qo]
FAAH, & Add dHS o] 83 FAML P
(CTM, Jang et al. 2011)2. 2 Qo] FAXITAE 7| 1555
719 B saA} e}
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= o] FF & A& 5| ¥ 20|(cv. Eunsung) F
Z}(Cho et al. 20055 70% EZ-Zof 187E 2% sodium
hypochlorite-8-28of 1587F FH Abat Sl th 2% sucrose
7} A7kE MS7]E 1A vl X] (Murashige and Skoog 1962)9]]
el o 107 £A42 24 547 25C & Apefel
A 7-89 Bk wobA T Wots 2o] fAEARR
B AT Al Aol FRoR Aud F anwny
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Fig. 1 T-DNA region of the binary vectors. pPCAMBIA2300 and
pPZP211 vectors harboring nptIl and Nit genes. The genes were
driven by CaMV 35S promoter. LB: left border, RB: right
border

Stol| A 2k Alololl = G 2218 A A5Ee] Agrobacterium
T FsuFalr] &3t A 52 AR5 th(Jang et al. 2011).
SEX} LEHE
pCAMBIA23003} pPZP2110] Z+2F CaMV 358 & m g o]
AuAZA nptl A AL A2 A Nit- A=z &
AH =5 A 2ekel o m(Fig. 1), pPCAMBIA2300% & # & =
freeze-thaw =¥ © 2 EHA1059]), pPZP2113H3 9 €] = EHA101
o] zZtZt At F5=2 AR5} th(Jefferson et al.
1987). 50 mg/L kanamycin (pCAMBIA2300) ==+ 50 mg/L
spectinomycin (pPZP211)0] z+zy A 7F=l LBAA H) A] 25 mL

of Z+7+9] colonyS HE3slo] 28CE 8A| 7t o)Ak vf o3t
F W47 47100 = 06 - 10)9] #& AHg3Heih

Q0| FRFE MAt

X
2
;

2 o17] glsto] AW BAL 7 wraue e
| 9] Agrobacterium-3-2%(EHA101 E+= EHA105)
gk & 5 Hi k& vl A (Jang et al. 2011)
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(305 bp)o] 54 A7 D= primer= AHE-5F3TE PCRE
Aofa ZlE Lol AEHE HFSE Nitfr ALY =9
of 5 Qlst7] $I5Fo] SouthernF A& HAISHY O™,
E3F RT-PCRI} NorthernE A& &3 &9 S-AHx}o] Ha
= sttt SoutherndtA & 2y 5k7] flsfA]l 24
A 50 emol A} gk 53t AlEAR2RE od o 2AS
ZF5}o] genomic DNAE %5} ¢ th(Dellaporta et al. 1985).
EcoR I Astam A= oF 50 ug2] DNAE 37Co A 16A]7F
B WS AIA A 819 e ), 0.8% agarose Ao A 7] Y
= 319} Agarose A AFO] DNA M= 2 Zeta® Probe nylon
membrane (Bio-Rad, catalog #162-0196)°]] %A p_gCTP (Stratagene,
catalog#300385) 2 labellingdt 2F 305 bp=7] 2] Nit probe 2
65°CollA] hybridization3}o] Southern-41S- A A5} tHSouthern
1975). E Nir 217ke] wrelo] g Bhelaty] Ja|Al &
Aol A F2l 90| AR o902 el 30 mge)
RNAE =359 h RT-PCRL total RNA 10 mg-& template
=2 3}o] SuperScriptTM 1T (Invitrogen, USA)E ©]-8-51¢] first-strand
cDNAE- 143} a1, Second strand amplification- Nit primer,
Taq polymerase (NEB)Z ©]8-3}o] GeneAmp PCR system
(Perkin Elmer Applied Biosystem, USA)ol| A FAFo] b O
2 =33} ¥ T}, Northern blot 42 30 ug? RNAE 5.1%
formaldehyde agarose gelof| 4] Z17] %53t 3 nylon membrane
(Zeta-Probe GT genomic tested blotting membranes; Bio-Rad)
o] o], LA AF T} Probe= 305 bp =7] 9] PCR fragmentS

[32P]dCTP (Random Primed DNA Labeling kit; Boehringer
Manheim) 2 3FX|3}o] AME-3}9 S ™, Prehybridization} hybrid-
ization2 0.25M sodium phosphate-8- (pH7.2)Z} 7% SDS-&-
Boz 65Co)|A 433} ch. Membrane2 20 mM sodium
phosphate (pH7.2)9} 5% SDS-EM O 2 Eol 2% 27 o)A
102 &3 A& & Xeray filmof A @48ttt

dat ¥ o3
Agrobacterium S o143 901 YAABA YL A,
0% 9 Q) AHOmsE S| A A A A
Bl o]8-3} 37 (Chee 1990; Dong et al. 1991), Z L o F9
A 22 A e A9E AREE olgaE B
Ch(Jang et al. 2011). 3t Aol 2 = nptll (Trulson et
al. 1986; Chee 1990; Dong et al. 1991)%} bar-AXHCho et
. 2005)2 o 3| St B AT AL A T
Hue 294 dHoziy 7|y AduA 2 A
WIS AAE ol gato] BUATAE AAkalr] $ltol
S 0] EF Bunsng” §4 B 4AA 2912 T
Sy o 3 A Aol A 25 A S 65 B AT
vioFalalar, 1 7|7 Setel] Add dHomRE WA
she BE 2otE A7 oA chimerich s S %
Stk WoF SEARE L es] BT WA Aol
2~3mm 27]e] [g HAL He RHol U7 Ay
shof AlZuf Al o] & A putative shootsE =3}t A%

H RS FAT iAo e 2T F =

Fig. 2 Plant regeneration from cotyledonary-node explants of cucumber transformed with Nit gene. A: Cotyledonary-node explants
inoculated. B: Resistance-shoot formed from selection medium supplemented with selective agents at 8 weeks of culture. C:
Elongation of shoots with paromomycin-resistance. D: Putative transgenic cucumber grown in rooting medium. E, F: Growth of

transgenic cucumbers. G: Growing fruit after pollination
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Foll A4 wAzlon, 2AA A7sHA At &
oj9] Y& F&S ol &t Ay A A5
28519 thFig. 2). o|¢t Zro] A4 AHH ()
et al. 2011) S 2 putative 2.0] FAAZIAE A= E]%f o]
2ol glglon, viE Ao 2R E AAx HS F
3t & A A 3ko|1}4(0.5%, Kim et al. 2008) AH¢] AHo g2 H
B 7| e B3 A AN E(0.35%, Cho et al.
2005)°] Bl @& FAALAAE 4= 5 UATh

pCAMBIA2300-Nirtk @ B o] 79~ 35 uj et A g4
AH(13127]) 2 FE 2770(2.06%) 2] paromomycin A 43
FASAE €& & Uden, ofF 17HA|(0.84%)0l A
genomic PCREA © & Z3| Nit PCR product (305 bp) & H=
3k 4= QUQICHFig. 3A). TS PCR productE 7453t paromomycin
A AEAE WY =2 Southernit A& 343t A9
W A1(0.68%) genomeo A Nit- A A7} QH A 02 = Q) &
of A2 gkl olF 670 A|(0.46%) 1 A Nit+- =}
7F et H o2 daEE 1 9)-&-E RT-PCRI} Northern blot
—F_Mﬂ% 3 Zrelskict. Wb pPZP211-Nitd & ¥ B o] 7
© Azu Agd A 12357 2EE 1874 H|(6.31%) 0] A]
paromomycin A &4 YEFHIL, 0|5 347 A](2.75%) 2 F
E] PCR product”} 7<= %t} SouthernE AL £ 2=
Aoz Nitir A = 3070 A (2.42%) ol A el & &
AR = H Niefr A o] IS o= A A ol A = g}
¢l th(Table 1).

o]e} o] NizAhe] 5 weuElo] e} ©.0] genome
o @0 oA wol ulw i uhaulE o] whal .68 ~ 2.42%
(Southern®-A 7]&)2 & x}ol& B P, Nitg- A A7} ¢
AHo 2 ot & g WL 2 ofANS |
QAth. B3 pCAMBIA2300 W g 2 P AASE 97
ZolA 9% AT FAR = Ao e} 8%
2R o] & FAHAINAZ AAsH7] YA =4
LA oA A U o B E Folsl Zlo] WAL
w0] F90chFig. 3B). 429 FAAANEL o]¢ thep
3t @9l & AE9 EF3} Agrobacterium®] % 3H(Simmonds
and Donaldson 2000), AEr E’]—ﬂ(Cho et al. 2005), vjFdH

F(Jang et al. 2011) 2 AR} 9] <= =(Gaba et al.
ﬂm%ﬁﬂ4ﬂ42ﬂ4ﬂe¢Aﬁkéaﬂ%mﬂ
2A 2o AHd dHE o] &3 A FYA AFA 7
F401%9] =2 FEHe NEE Ho|E Zi(Jang et al.
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Fig. 3 PCR, RT-PCR, and Northern blot analysis of transgenic
cucumber carrying Nit gene. A: Genomic PCR analysis of
transformants by specific primer designed from Nit gene. PCR
products were run in 1% agarose gel by electrophoresis. B:
Upper level is total RNA that isolated from transgenic cucumbers
(E77, E90, E95, E96, E97, E102) transformed with pCAMBIA2300-
Nit gene and wild type (WT). Middle level is constitutive expression
of Nit gene in above same transgenic cucumber by RT-PCR
analysis. Lower level is expression of Nit gene in above same
transgenic cucumber by Northern blot analyses. Total RNA
extracted from transgenic cucumber plants (Ty generation). The
RNA (30 pg) was separated in 1% agarose gel in each lane and

subjected to Northern hybridization. The 305 bp Nit PCR product
was labeled with [32P]dCTP and then used as probe
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2011)9} ¥ A] 4.12% 2 A AFFS B, o] )
A R R A A9 A HO|LH0.35%, Cho et al. 2005)2} HH
Z A (0.5%, Kim et al. 2008) B] & A =7 Jet =
4 dwo] wjf aA S Hol =ik gH EHAL0S/
pCAMBIA23009] 79~ 2.06% %] A A3 ALY
TE KojZo] EHAIO/pPZP2I Y& W E|(6.31%)] H]a) &
A RE Aoz Yepgoy =YFAaxe Hde 2359
EHA105/ pCAMBIA2300-NitH & W €] of] o] &l A ALE 7§ )
o gt el gHoz i WE e} fAR =YH 9} oHg
2 o] debd 4 QaS HoFSUTh o]ef o] &
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Table 1 Analysis of molecular level for transgenic cucumber carrying Nit gene by Agrobacterium-mediated transformation using

cotyledonary-node explants on selection medium

Gene Agro-strain carrying with No.. of explants No. of plantlets gDNA-PCR Southem blot RT-PCR Northern

vectors inoculated regenerated (%) analysis (%) analysis (%) analysis (%) analysis (%)
EHA101-pPZP211 1,235 78 (6.31) 34 (2.75) 30 (2.42) 0 (0.00) 0 (0.00)
EHA105-pCAMBIA2300 1,312 27 (2.06) 11 (0.84) 9 (0.68) 6 (0.46) 6 (0.46)
Total 2,547 105 (4.12) 45 (1.77) 39 (1.53) 6 (0.24) 6 (0.24)
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SALEY A AP Qo] FAMSA BAS SlehA &
] “Eunsung” #& 2] Ag4 dHZ NitgAAE EZ9ts}
L pPZP2119} pCAMBIA2300 BrE el 2 72t J A A3
= Agrobacterium} 35 st et FEUY & FAA
A A, FARSA F= AR, FAEA A

AHd AHS o] 83= CTMYH(Jang et al. 2011)0] wh
of st wawe o] uel AuAe] 100 myl
paromomycing A 7}5Fo] AdtatAy-S A on, Az
oA 3 em=7]9] shootE &%= 3F & PCR, Southern, RT-PCR
2 Northerni A4S £3] A A3} oJHE Folslgc) &

S g 2,54770 ) AgA AHOZRE 10570 4|(4.12%)
7h AR 25 Qo] on], 15 F 45ARI(LT) o)
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of Nitf-AAFe] o] 75 &lstr] flste] 457)A of o
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e 4= e, o]F 22 6714(0.24%) ol A 9t Nit7-4
A7F kA o7 vrE El 1 9158 RT-PCRI Northernt:
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