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Transformation of Gourd through Leaf Explant Regeneration
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Abstract - In order to develop a disease-resistant root stock for the growth of watermelon, an efficient regeneration system of the
gourd (Lagenaria leucantha Duch.) inbred line GO701-2 via organogenesis was established in this experiment. Using proximal
parts of cotyledon explant excised from germinated seedling iz vifro, maximum adventitious shoot formation (39%) was achieved
on MS medium where cytokinin (BA) and auxin (IAA) were added at a concentration of 3mg/L and 0.1mg/L, respectively. Roots
of the elongated shoots were successfully formed on MS medium without adding any plant growth regulators. The cucumber
CsGolS1 gene known as a resistance gene against biotic and abiotic stresses, was constructed into the binary vector pBI121 under
the control of CaMV 35S promoter. When the gene was introduced into the genome of gourd by Agrobacterium-mediated trans-
formation, putative transgenic plants were obtained with the transformation efficiency of approximately 20 percent.
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Bl (Cucurbitaceae) 2ME<) BH(Lagenaria leucantha Duch.) €]
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A A AR SR 1T EEE O Qe PjEelM Fuke F2 4u)
oLt ARG AL TR A A Al tiE o2 da] o] §5] 1 )
TH I o= o] B3] A 2aldAdo) Fom v (Fusarium
oxysporumf. sp. niveurn) & 722 Bl vis) sk e A
= YERP) wiFo|ch Wt ohjz}, Hefl= Aulo] Sof Eolel v
AR Ao A2 vt i E G A 1 Yk TEfudel
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mottle mosaic virus (CGMMV) o] £Jgt sij=to] ubgs} th=-8 3+
kS VTR she vVl (Mbnosporascus cannonballus
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ATAR1 FANFE HalMlE 3T A EA2] 71 ARest 2119 &
Hol| Fxgoltk. o] 71| BlakkE, & AE 2N (Cucurbita
maxima Lee et al, 2003), 201(Cucurmis sativas; Curuk et al,,
2003; Kim ef al, 1988; Mohiuddin ef al, 1997), @& (Cucurris
melo; Dirks and van Buggenum 1989; Fzura et al, 1992), 44+
(Gitudlus vidgaris; Compton 1999; Dong and Jia 1991), 218131 &
F9}(Lagenaria siceraria Standl.) 9% 7] ks 3 AR Sl
3t ATV FYEICHHan ef al, 2004). o] $t A7 v
T2 AR E target TS A3 4 e FPHFATE= A
o], B2 9] genomeol] Blo)2lA coat protein XS £35S
AAEA} A EHjo)# el REFH7T QIokal B 51 (Gonsalves ef
al, 1994) 519137, ¥ chitinase +3APF 244 20] -7}
A sgoligtol) updo] Saklvka B 31(Tabei ef al, 1998) =3
o} 2ot fARb ) wet ARts) 2do] dekl = glom i
20| ¥k(Lagenaria leucantha Duch.) 2] ARE3} 2 28] ois)
A 2GR el vju)st Agolut. i £ A0 AL Baka
Eg~ Ui 732 dEzlee] CsGolSI /72 (Kim et al, 2006
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B A3 A=A Felinbred line GO701 —2:& A LEH(F)
ol Fepo} ARBISITE TR F3 5 AJASIL 70% EtOHo)
187 3R] 3 2% NaOCloll 583 Asto] B 2alict o)1=
et 9% 53] AFgE 3 1087 23k FE #jo] 9 (110mm
Dia, Whatman, USA) lellx] 58 AT 4-70) AAE
FAFS MS (Murashige and Skoog, 1962) 711l A]o]] 3% su—
crose®} 0.5g 2—(N—Morpholino) ethanesulfonic acid (MES),
1837 3g/1.9) phytagel (Sigma, USA) S #7138k 26T HljoF7]
W k7 stellA] WolE fesielnk Wol 379 | f1H.Y Agle
1X0.5cm JEE 258 I3, vilEL 0.5cmitdoe 4
alo] HAEAZ AR-slol) ARGSISITE HEL- AER G A 2
el et petri—dish(SPL, South Korea) @ 15708 712+ X124
BFAIL 26+27T, 16A1F 3571, 2000 Lux35=2] wiokollxd b
FeIsict

i}

A=A 2=

718 uiR]= MS7 1R of| 30g/L sucrose, 3g/L. phytagel-&
7¥8I3 on pHE 5.8% 235t Al Aokl @
O] AR = ST AP |E7 WS ARSI SAl0 2 IAAS A}
2315 01 A|EF)W 0 2= BA (6—benzylaminopurine), zeatin
S AREBISITE Al R lof| v A AR EA ) £5F 9 5 7
317] $l8led SAlF) Aol 7S] Z23ke 1.0, 2.0, 3.0mg/L BA,
zeatin?} 0.1, 0.2, 0.3mg/L IAAS ZZH ARE31SAT). nfjok 45 $o)
31 shoot?] 75 ZARI O Bale A 2AE Adzaas
1mg/L. BAE &5 i< o] Alc)) vleks}o] Alzg Alga|z] o m wiok
4 (SPL, Korea) ol|¥] 2413100} A7} 3emo it 419 7)A1E A
HEEAE 71| & MS HliR|of| wiokshaa #al B fest
ok B2t FA3E Al 2 A3HIUE (perliter HE, 311
v/v) el o]xlsle] Bk w3513t

b 23 U Agrobacteriumdl £33
2 EAHE 2 AEE- binary vectore= 3PP CaMV 35S pro—
moter®} FYA| kanamycing: selection marker® & F U&=
NPTIL 228 2381 Q0 pBI121S ARS31olch 7t a3t
o1

Agrobacterium tumefaciens LBA4404 {5 ARE3ISIC) B3 A~
EfA ] 32 20] galactinol synthase -2 CsGolSDH &
binary vector®ll AZ8vs10] Agrobacteriunel =95t 3 2l 312

A3l ol g1k

pBI121 vector7} S1%¥ Agrobacterium tumefaciens LBA4404
12 25 pug/ml rifampicin® 50 #g/ml kanamycin®] 7}
YEP(10g of yeast extract and 20g of Bacto peptone) <) wjjx]e]|
A} 27k wljoket -, 7olel b fie) AT} Fsulekeislc)
215 A AR} 7 FEIR] 2 MSHIR| oA 27 F-Evllekd &
ute] 2} AL 250 pg/ml cefotaxime} thesh 50 A8
A= 2715k iR ol 24 Aleksisith. 2.0] galactinol synthase -3
27} BAABE 28k 50 2 g/ml kanamycin BlX| el ABo) 7)ls
39 ole1sl 29 genomic DNAS #8310 PCR X
southern blot analysis]l 28} 542} =3]odf-E ERIsI8IT PCR
analysisZ )34 binary vectorti¢] CaMV 35S promoter 5412
left primer (5 —AGAAAGAATGCTAACCCACAG-3) 2+ 0]
GolS S-A=Le] EAHL oA right primer (Y —GGGGTACCGGAA
TATTTATTTTGTCACT-3) & AIRate] ARSItk PCR 53
Z74-2 Taq polymerase”| 3871 PCR premix (Bioneer, Korea) &
ol &3t #Hx 95T olM 587} pre—denaturation - 95CellA 30
%, 58Tl 30z, 72Tl 2% 3027+ 303] HEEAIX - HEH o
2 72T 581} post—extensionA]#A PCRE F5351%ck PCR
productZ Southern blot analysisE 9813 0.7% agarose gelol+]
A7199%519tk Sambrook® Russell (2000) 2] # el we} nylon
membrane®l] ©}5A1A blot-& 7H= F-DNA probe P& %45}
20AIRE EAgskelelel. 3498 REgo] ¥4 ¥ membranes
2% SSC/0.1% SDS -89 0 2 AJ2-0llA 1023 7 A8} 0.1 X
SSC/0.1% SDS -4 2 60TCollA] 10377 29 A& gt tha X—ray

Bl e F Al

2 1

Fhike] A3l =71 &5

Zhato] AR5 9Jalo] wol 3 727 10 B HH. Az vl
AES o838 A F9 F A= TAFI 77k 8§49
(proximal) 2} ¥R 7-¢] (distal) & W7ol ARSIt Table 1. Al
388 AR A, 1094 @ FHRCH79A) € fE2olA Aest
£0) T TR) T AR Follx] k) AlR-Sgo) 7 A
RO (30%) 21 vheo] ARgie] SRR YERSTH13.1%).
HiER9) = 7P G AEEHS HITHG.5%) . o9} o] 2189 A
HRF-2J oA ARe}go] Al VERHE R 9.0], AFA], 0kl KB
19 Aol JxskF e Mohiuddin ef al, 1997; Lee et al, 2003;
Han et al, 2004). 28} 2148 2N 9 0 2 78] A-siA] A=
A GE dolry] sl AllE7Ide® BA(LO, 2.0,
3.0mg/1) ¢} zeatin(1.0, 2.0, 3.0mg/L) 113l 212 Z TAA(0.0,
0.1, 0.2, 0.3mg/L) & &5 = E8Hg]slo] LzeglelA ullekstal
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Table 1. Comparison in the efficiency of adventitious shoot
regeneration among different plant parts excised from
cotyledon of the gourd inbred line GO701—2!

Seedling age Shoot regeneration

(days) Explant part frequency (%)°
7 Proximal (cotyledon) 30.0%3.0
7 Distal (cotyledon) 13.1%1.0
7 Hypocotyl 5510.2
10 Proximal (cotyledon) 7.1£1.0
10 Distal (cotyledon) 45%0.5
10 Hypocotyl 0.0£0.0

YEach explant was cultured on MS medium supplemented with 3mg/L
BA and 0.1mg/L IAA, and the regeneration frequency was evaluated
4 weeks after cultivation.

*Values are means of five replicates T standard error. Each replicate
includes ten explants per a petri dish.

tH(Table 2, Fig. 1). A& 482 3.0mg/L BASH0.1mg/l. IAAS
S AETlx 39% Z 7 ke 11 vR0 2 2.0mg/L. BA
9}0.1mg/L IAAS B33 &) 77} 33%0)0t}. Zeatin oV BA &
F0.25mg/Le)st 27 4.0mg/L o 32 2310k AL 4z
AJ=)7] Q)T o) E3lo] B, Auke ThE ZEo) v)al A1)
£o)] 4] om AP)ES Y 0 2= A A Wolu} FaHx BA
7HH GO AR|ET I BRI 8410 2 [AAS &
et Aol of 352 ARtheS A 5 tH(Table 2). ¢3!
Al AREEF Lol FAdE 225 1.0mg/L BAZ} 502 Az)d
MS Hljx|efx] Alciuieksla shoot 2] A4go] Dojhe Bae 5= 9191
thFig. 1B). A1x7}3cm o) #3512 79 & drdsio] 712 MS
HR|of] AL 1 1R ok uix| oA Aok 1S

Fig. 1. Soot regeneration from cotyledon explant of the
gourd inbred line GO701-2. A, Seed germination. B,
Adventitious shoot regeneration from proximal part of
cotyledon cultured on MS medium supplemented with
3mg/L BA and 0.1mg/L IAA. C, Elongated shoot cult—
ured on MS medium supplemented with 1mg/L. BA. D,
Rooted plantlet on MS medium without plant growth
regulator. E, Acclimatized plants grown in plastic
mazenta box. F, Fruit setting on a regenerated plant
grown in greenhouse.

Be] Fgo) 71g 2 2L ERIsgIt(Fig. 10). Ak 5 L2
Aeshd AEAE EaE AT vl o1Aslo] SUAHE T

Table 2. Effect of plant growth regulators on adventitious shoot regeneration of the guard inbred line GO701—2. Proximal cotyledon
explants of 7—day—old seedlings were cultured on MS medium, and the efficiency was evaluated 4 weeks after cultivation

Treatment (mg/L) Shoot Treatment (mg/L) Shoot
Zeatin IAA formation (%) BA IAA formation (%)
1.0 0.0 24.0%3.9 1.0 0.0 20.0£0.5

0.1 13.0*0.2 0.1 2.310.2
0.2 1.0£0.5 0.2 7.4%1.8
0.3 19.0£5.0 0.3 19.0%7.0
2.0 0.0 17.0£0.2 2.0 0.0 14.0%x3.1
0.1 2.0x0.5 0.1 16.0£4.6
0.2 30.0+5.0 0.2 10.0*0.1
0.3 33.0E£7.0 0.3 28.014.0
3.0 0.0 3.0x1.0 3.0 0.0 18.0+5.1
0.1 28.0%1.5 0.1 39.0£3.0
0.2 15.0£2.3 0.2 24.0%5.6
0.3 21.0£0.2 0.3 14.010.2
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Fig. 2. Genomic DNA PCR and Southern blot analysis in transformants. The introduced CsGolS1 gene of transgenic
gourd plants was amplified by genomic DNA PCR using the gene specific primer set (figure in the left), and the
target gene is confirmed by Southern blot analysis using a 32P—labeled cDNA probe (figure in the right). M, size
marker (1 kb ladder, NEB). PC, positive control (pBI121 plasmid). NC, negative control (non—transgenic plant).
Putative transgenic plants by Agrobacterium—mediated transformation were selected in MS medium containing

50mg/L. kanamycin.

R R el A7 TRl B3 90% o] AE
S5 vERtHFig. 1D). 13- 22 potol $A 2 eild ljeksie] 4t
o] A & RISl 1FH 0 7 FRAIA T1 FAFE Hsisich

2.0] CsGolSI F3A ] Zht =4] 1) o)

A 9l B e 7&t ulel o) Agrobacterium tumefaciens
LBA4404/ CsGolS1 -5 Zertas} 3 lleksle] 448k &
3133k A3 binary vectorZF £ SRS oA Al
=R ARE ZARIIE 2, CsGolST /74 =94t
< 50 #g/ml kanamycin®| 71 wjR]opd AAo) 7lssiglon,
PCR analysis®l| &3l 52154 10742 2 27014 band7} 4%
o] & 20%2] FAHE F-&S YERIITE T3 PCR AHE2] south—
ern blot FAP ]| &J3lA AEst Alo]=(1 kb) 2] band & EQ1FH2.
EX CsGoISI A7) genomedl] AU e Al g1t
T USrHFig. 2).

1

[

HIRRE-2- ARSI A ) ARGl uheh E-2 - H.] A
Al719]) vk AR shEel] 2 J3FE IR 53] A5 2] ARk}
AzxFAel 71 adFleletn ¢x Ytk Rhonda and Willam
1990). & AN E FEto|u} AFA] IEZ 0 F 2roli= i)
inbred line GO701-2% 71X 2 233 & Ax} 744 2 {8 2
Q) A7 RO A ESHEo] O H5-5 ERIE T o]
2 v AER Ttk AR T fEAR ) A
7 AR-Fell 718 aspdolehs B uel A S eH(Sriva—
stava et al, 1989; Lee et al, 2003; Han et al., 2004) . ¥k oh]
2}, ¥R O] Foh ol ek Al A Al Wb 2
AR TR T2 A Y A xR ] a7t oiE
vepdtia €eiA gich 20)¢] 295 M BAS}H0.5 «M NAAZH
FHbolx= 5.0me/L BASHO.5mg/L TAAE 3371 | v oA 713

2 z8gE0] Wer Hrar G A IoHKim er al,1988; Dong
et al, 1991). 18)v} 58l &0 - A AR AR
7199 BAZ d-gx)g|eh= Aol /M T2 AlxF-ake-s vEld
that 313 Dirks and van Buggenum 1989; Han ef al, 2004).
B AT AAZAA| FA BAL zeatin F 5o Wt AR34E
o] depxl om Fuke] 8- cytokining G AMESh= AR
07 JAAE Egxesl= Flo] Alx FAdel o] A de BEsIS

=

Z}inbred line GO701—2¢1 2.0] galactinol synthase #341&
2831l A, B9 2] 2157} kanamycin A4
A o] IAlsRitk 22 vt kanamycined] 23l TARER] 9k
AR ZHE genomic DNAE FE351 PCR analysissi$i=
ok 20%2) 7NAAA AVERE Z171(1 kb) €] PCR W=7 ERIE S
. 023 FAHSANZ 71 MS wiR| ol FEEEA7} A 37
2| 92- vl oA AlcieieF 3l el 7t B3 E G o o) APEEle 4
S HEe Q1F wkE] o] A3l Elgho =AM T1 TAE &,
F 2= Q). e A3 TR HARNEA FAAs giE
Msl7] Yardis 2 7] EARE B F e glek A, &
Aol 74 &3340 A8l G-80) 39%E W] wiEel o5 =Y

L= kS Adsol & Aotk Han er al (2004)-& A& #3190
2 50171 918l ol el 2R& AAAIR] silver nitrate (AgNOs) &
ArEBIoIT) ol Qo)ol 7 FE oAl My Ak A ot
L ZEBE2) Qglo] H A Ee wE) Xjol7) QAN B3] ljEo)
U 2139 ARskao] Wi gglo R deA Ak (Mohiuddin ef a,
1997). T8 FE Aol = 0.5—1mg/L Y silver nitrateE AFE3}
o} Bgton} 2t GO701-2 line? 739 A3} &80 30—33%°
14 &3} (AT RAA). 2} $ Aminoethoxyvinyglycine
(AVG) 9} 72 ol el 314 SAA|S] ARgolut B THE HiREe] 2.Ao]
8 Ao} 24, 8laEC] 79 kanamycin®] AT g £0] Hoj

A7) wel] Ak wpA 2 tefsle: sl & ook itk AlA, 5
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Yol & zlo )7} 8 2 theket FFol e s U FAMe 58
o Al B ek,

ek Atef W= Q0] galactinol synthase 1(CsGoIST)-G21A}
*=rhizobacteria”| colonized® 20| Ba]ojlA] 230 leaf spotQl
Corynespora cassiicolas BRAHE v 7)ol f 2 il == 44
A5 F 3R HarE v Kim er al, 2006, inpress). A1&2] ga—
lactinol synthase(GolS) 82K thofgt 215 FollA] raffinosett
stachyose2} Z+-& Rafiinose family oligosacchrides (RFOs) €] AJ
Aol fofsli= gho|th AEellx] o]23t RFO:= UM o & 3}
of] FH3A Ff=lo] Qlovt At o warolA desiceationofvt
dehydrate S} 78 AEgX tolerancedl] Boldhkn A=) 9k
(Blackman et al, 1992; Brenac et al, 1997). 3] o71gtol4
8871 GolS -30% = drought £} high salinity ol -5 W=tk &
A 3lom o] frAx} Tk WS = 9l FAZIE AR oA
galactinol ¥} raffinose 2] level©} S715)0] drought tolerance® X
Ak BICHTaji ef al, 2002). - Aol ] P2 Hglo) o]
43t 90| galactinol synthase 1(CsGolST)-3-AR12) YA 152
olF i} wdslks gl A AEAp 2 Fgopg Akl
Botrytis. cinereae £ F-&4%%! Erwinia carotovoradl] thaf} 7335k
A& JEpSY] Whizel B StHKim ef al, 2006, in press).
o] A &d Wh&-2 jasmonic acid (JA) reporter 32101 VSRS-22}
v} pdf1. 2778A10) D718} jar] —1 20 AEA=E E3lo] JA
dependent 3t A1 24| A2] indcued systemic resistance (ISR)
712 o3I HKim et al, 2006, in press). Wb 290]
CsGOIST 7Ry 74E Bl 1 22 vEZ] AEHXA olglo e
oA A & BEFQ AEA Yol BiEgo)
Z] 1ol Bkl s EdA U ) tjE7del o] 877t =
< 02 AleHch ‘

8 2

FEe) thE 0 2 AN 31 Qli= o] At 208 gslow
A AR FAAE A EAE do] Bk 2 AFS st
o) 2190E Aet AR slell vX = A e L EL] a5 £
ARSI 3L Q0] galactinol synthase (CsGolST) S$-4ARAE Fulo) &
ARG A= vhga) Aok J8) a2 AR 794 9
FHE] AFE F Aol 7R & 288 veRIRla,
cytokinin® = BAY} zeating TEA2]51= AT 207 JAA
£ 8= o] Az Halol o] Aol BIAEYA
U R-RARI Q0] CsGolSI 7342 pBI121 binary vectoroll A
Z§s8le] olazulHE 25 ol 8, Fulol YAHHsIGA A3, 3
AABAE kanamycine] 7R vixlei AAslgis PCR 2
Southern blot #-2e] 2Ja} f-21EA19] 20% =7 AR
< RIS 93k ’

AP A}
B A7 =205 Biogreen 21 AR A =)l 2JaiA
S33E3) 0 ole] sl g AALE Eshe vlolth
o]
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