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Abstract

Potato (Solanum tuberosum L.) is susceptible to many fungal pathogens including Rhizoctonia solani. In the present
study, the potato cultivar Desirée was transformed via Agrobacterium tumefaciens strain GV3101 containing the bi-
nary plasmid pGJ132 harboring both the chitinase (chid) and rip30 genes. The potato leaf disc was used as an explant
for transformation. PCR, Southern blot and Western blot were used for characterization of the transgenic plants. In this
study it was shown that not all the plants developed in selective medium were positive for the corresponding gene us-
ing the PCR technique. Southern blot analysis confirmed that transgenic plants integrated 2-3 copies of chid and rip30
genes respectively into their genome. The expression of the CHIA and RIP30 proteins was confirmed in the leaf extracts
of the transgenic clones by Western blot analysis. Transgenic potato plants expressing rip30 and chid genes showed
enhanced resistance to R. solani in a greenhouse assay.

Additional key words: fungal resistance; genes; proteins; southern blot; western blot.

Resumen

Resistencia aumentada a Rhizoctonia solani por la expresién combinada de quitinasa y proteinas inactivantes
de los ribosomas en patatas transgénicas

La patata (Solanum tuberosum L.) es susceptible a muchos hongos fitopatoégenos, incluyendo Rhizoctonia solani.
En el presente estudio, se transformo el cultivar de patata ‘Desirée’ mediante Agrobacterium tumefaciens, cepa GV3101,
que contiene el plasmido binario pGJ132 que alberga los genes quitinasa (chid) y rip30. Se utilizaron discos de hojas
como explante para la transformacion de plantas. Se utilizaron las técnicas de PCR, Southern y Western blot para la
caracterizacion de las plantas transgénicas. En este estudio se demostro, mediante PCR, que no todas las plantas que
se desarrollaron en medio selectivo fueron positivas para el gen correspondiente. El analisis de Southern blot confirmé
que las plantas transgénicas integraron en su genoma 2-3 copias de los genes chid y rip30. Se llevé a cabo un ensayo
de invernadero para evaluar la resistencia a R. solani de los clones transgénicos que expresan los transgenes. Las
plantas transgénicas que expresan los genes rip30 'y chiA mostraron una resistencia completa a R. solani.

Palabras clave adicionales: genes; proteinas; resistencia fungica; southern blot; western blot.

Introduction quality of products (Walter et al., 2001; Khan et al.,
2008). Rhizoctonia solani is the causal organism of

Potato (Solanum tuberosum L.), one of the most ~ Rhizoctonia disease complex in potato, resulting in
important food crops in the world, is susceptible to  two different symptomologies of the disease, namely
diseases caused by several fungi, bacteria and other  stems canker and black scurf. These are recognized
pathogens, leading to considerable losses in yield and  as necrotic lesions on underground plant parts, and
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sclerotia covering progeny tubers, respectively (Car-
ling & Leiner, 1986; Agrios, 1997). In severe infec-
tions total yield can be highly reduced (Hide et al.,
1996). Extensive yield losses, from 10% to 30% on
marketable size tubers as a result of Rhizoctonia dis-
ease have been reported (Read ez al., 1989; Lehtonen
et al., 2008).

Plants are known to have defence systems that in-
volve the production of pathogenesis-related (PR)
proteins, such as antimicrobial enzymes; chitinases,
glucanases and ribosome-inactivating proteins (RIPs)
(Ward et al., 1991). Chitinase catalyzes the hydrolysis
of B-1,4 linkages of the N-acetyl-D-glucosamine poly-
mer, called chitin. Chitin is a major component of the
cell walls of many fungi. In fact, plant chitinases have
exhibited antibiotic activity against various fungal
pathogen in vitro tests by causing lysis of hyphal tips
as well as the inhibition of spore germination and germ
tube elongation (Chye ef al., 2005).

RIPs are plant enzymes that have 28 S rRNA N-gly-
cosidase activity which, depending on their specificity,
can inactivate foreign ribosomes, thereby shutting down
protein synthesis. The most common cytosolic type |
RIP from the endosperm of cereal grains do not act on
plant ribosomes but can affect foreign ribosomes, such
as those of fungi (Stirpe et al., 1992; Hartley et al.,
1996).

Several transgenic plants harbouring PR genes
have already been produced, aiming at producing
fungal disease-resistant varieties in a variety of crops
(Jach et al., 1995; Tabei et al., 1997; Bieri et al.,
2000; Datta et al., 2001; Jayaraj & Punja, 2007; Xiao
et al., 2007; Almasia ef al., 2008; Esfahani et al.,
2010), including the transgenic tobacco that was en-
gineered with the RIP encoding DNA sequence of
barley and exhibits resistance to R. solani (Logeman
et al., 1992). Many of the PR proteins may act syner-
gistically in vivo and also enhanced inhibition of
fungal growth when tested in combination in vitro
(Jach et al., 1995; Chye et al., 2005). Transgenic
plants expressing more than one PR protein genes
were also developed in potato, rice and tobacco (Zhu
et al., 1994; Zhu et al., 2007; Esfahani et al., 2010).
Such transgenic plants showed better resistance than
those having a single gene.

Transgenesis has proved its value as a method to
enhance disease resistance in potato and related species.
For example, potato plants transformed with the der-
maseptin analog MsrA2 exhibit broad-range resistance
to phytopathogenic fungi, including Cercospora,

Fusarium and Pythium (Osusky et al., 2005). Also,
lysozyme accumulation in transgenic potato plants
considerably inhibited growth of several bacterial spe-
cies, including Erwinia carotovora and Pseudomonas
syringae (Kato et al., 1998). Potato plants expressing
the AP24, thaumatin-like pathogenesis-related protein,
transgene, showed increased resistance to P. infestans
(Liu et al., 1994) and tomato plants transformed with
tobacco AP24 and bean chitinase transgenes showed
improved resistance to F. oxysporum (Ouyang et al.,
2005).

In the present study, simultaneous integration and
expression of the barley 7ip30 and the Serratia marc-
escens chitinase (chi4) genes was used, and the trans-
genic potatoes produced were evaluated in greenhouse
conditions for their resistance to R. solani.

Material and methods
Plant material

Virus free potato tubers of the tetraploid cultivar ‘De-
sirée’ was used for transformation. Etiolated sprouts from
these tubers were surface disinfected and single-node
segments were excised and placed on MS medium (Mu-
rashige & Skoog, 1962) supplemented with 100 g L™
inositol, 30 g L™" sucrose, 0.7% (w/v) agar, the pH was
adjusted to 5.6. Stems developing from these nodes were
propagated in vitro by subculturing the top shoots or stem
segments including axillary buds every 3-4 weeks. The
shoots were grown at 23 °C and a photoperiod of 16 h
under 3000 lux light intensity.

Bacterial strain and growth conditions

The disarmed Agrobacterium tumefaciens strain
GV3101 with the binary vector pGJ132 (16176 bp),
kindly provided by Dr. G. Jach (Max Planck Institut
fiir Ziichtungsforschung, Cologne, Germany), was used.
The T-DNA of pGJ132 contains both chid gene from
Serratia marcescens (Lund & Dunsmuir, 1992; Howie
et al., 1994) and rip30 gene coding for barley (Hor-
deum vulgare L.) RIPs (Logeman ef al., 1992), both
driven by the 35S of Cauliflower mosaic virus (CaMV)
promoter. The plasmid contains the npt/l gene coding
for neomycin phosphotransferase II that conferred
kanamycin resistance, as a selectable marker of the
transgenic plants (Fig. 1).
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Figure 1. Schematic representation of T-DNA region of pGJ132
(G. Jach, Max Planck Institut fiir Ziichtungsforschung, Cologne,
Germany) with expected restriction sites. The binary vector
pGJ132-RIP30-CHIA contained the kanamycin resistance gene
(nptll), a Cauliflower mosaic virus 35S promoter (35S-Prom), and
Serratia marcescens chitinase cDNA chid, a barley cDNA rip30.
RB and LB denote the right and left T-DNA border sequences.

A. tumefaciens, GV3101 strain, was grown in Luria-
Bertani (LB) medium at 28 °C. For leaf infection,
bacteria cells were grown overnight at 28 °C with con-
stant shaking (200 rpm) in YEB medium (Hooykaas
et al., 1979) supplemented with 100 mg L' rifampycin,
50 mg L™ of kanamycin, and 100 mg L™ streptomycin.
When ODg,m reached 0.8—1, the culture was diluted
1:10 in MS medium. The bacterial cells were collected
by centrifugation and resuspended in MS medium sup-
plemented with 50 mg L' sucrose, pH 5.6.

Plant transformation

The leaf disc transformation method was used. Five
mm leaf discs were cut from in vitro plants. A total of
40 explants were used. The explants were infected with
30 mL of the A. tumefaciens and placed at 25°C in
dark conditions for 1 hour. Infected explants were co-
cultivated for 2 days, in the dark, on a MS basal me-
dium without antibiotics to facilitate transformation
and supplemented with 100 g L' of inositol, 30 g L'
sucrose, 0.7% (w/v) agar. The pH was adjusted to 5.6.
Subsequently, the leaf discs were washed with MS
basal medium containing 500 mg L' cefotaxime to

eliminate bacteria. After drying on sterile filter paper,
they were transferred to Petri dishes containing 25 mL
of the MS basal medium supplemented with 2 mg L™
zeatin, 20 pg L' gibberellic acid, 20 ug L™
a-naphthalene acetic acid (a-NAA), 500 mg L' cefo-
taxime and 100 mg L' kanamycin. They were main-
tained on this medium for 5 weeks at 23°C and 16 hour
photoperiod for shoot regeneration and elongation. The
resulting shoots, about 5 mm long, were regenerated
during 4-5 weeks after transformation and were then
transferred individually to MS medium containing
kanamycin (100 mg L") and cefotaxime (500 mg L")
for rooting. Transgenic plants were further transferred
to greenhouse conditions.

In this experiment several parameters were recorded:
the percentage of explants with induced callus prolif-
eration, the percentage of regenerated calli, the number
of shoots per callus and the percentage of transgenic
plants.

Molecular characterization of transgenic plants

To detect rip30 and chid genes by PCR, genomic
DNA was extracted from leaf material according to
Edwards et al. (1991). DNA fragment, containing the
rip30 or chiA genes, of 500 and 700 bp respecti-
vely was amplified by PCR using specific primers.
The complete sequence of these primers is as follows:
rip30, S’CAACCCGGCGCACTTCTC3’; reverse rip30,
5’GGCCTTCATCTCATTGCCG3’; forward chid,
5’CTGAAAGAGATTGAAGGCAGCTTC3’; and re-
verse chid, 5’>CATGGCGGTGCCGACGAC3’. These
primers were designed by the software Primer3 (Rozen
& Skalestsy, 1999). PCR amplification reactions con-
sisted of an initial denaturation at 94 °C for 2 min fol-
lowed by 40 cycles of denaturation at 94 °C for 1 min,
hybridization at 55°C for 1 min, extension at 72 °C for
2 min and a post- extension at 72 °C for 10 min. Taq
DNA polymerase was used in all PCR reactions. The
resulting PCR products were separated by electrophore-
sis agarose gel 1% (w/v).

Southern blot analyses were employed to detect the
integration of 7ip30 and chiA in transgenic plants. A
total of 10 pug of DNA genomic was extracted from
young leaves and digested with Eco RI and Hind 111.
The probe of 1936 bp corresponded to the insert from
pGJ132, digested with Stu I and Sgf'1, separated on a
0.9% agarose gel, transferred to a nylon membrane
(Hybond N*, Amersham Pharmacia Biotech) and hy-
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bridized with the DIG-labeled probe of the rip30 and
chiA genes. Hybridization, washing and detection were
performed using DIG Easy Hyb (hybridization solution)
and DIG Wash and Block Buffer set following the sup-
plier’s instructions (Boehringer Mannheim).

Western blot analysis was used to evaluate the ex-
pression of the integrated rip30 and chiAd genes in ge-
nomic DNA of transgenic plants. Total proteins were
extracted from 300 mg of young leaves of potato plant
according to Laemmli (1970). The homogenized sam-
ples were boiled for 3 min, extracts were centrifuged
at 13000 rpm for 2 min, and then 40 uL of soluble
proteins were loaded onto 12% SDS-polyacrylamide
gel (SDS-PAGE) according to Laemmli (1970) and
electroblotted onto a polyvinylidine difluoride (PVDF)
membrane (Amersham). Immunodetection was per-
formed using polyclonal anti-serum raised in rabbit
against the RIP30 and CHIA proteins and goat-anti-
rabbit IgG (Amersham) conjugated to horseradish
peroxidise (HRP) as secondary antibody, at 1: 1000
dilution.

Resistance evaluation of the transgenic plants
in greenhouse

Five individual transformants were selected. These
clones with confirmed insertion of 7ip30 and chiA genes
and untransformed plants were micropropagated in
vitro. After 4-5 weeks, five plants for each clone and
for each control were transplanted into individual pots
and placed in the greenhouse for further screening for
resistance to the fungus. The R. solani strain Ci96,
provided by Neiker Institute (Vitoria, Spain) was grown
on potato dextrose agar (PDA) medium [20% (w/v)
potato, 1.5% (w/v) glucose and 1.5% (w/v) agar] at
25°C with light for 5 days, and subcultured as needed.
The inoculation was done as described by Chand &
Logan (1983). After 4 months, the crop was harvested
and the tuber symptoms were assessed in five tubers
per plant. The symptoms evaluated were the appearance
of black or brown sclerotia on the tuber surface, using
the ADAS (Adams disease assessment scale) (Anony-
mous, 1976) ranging from 0 to 25% according to the
infected surfaces covered by sclerotia. The inoculations
were repeated three times for a more effective infection.

For the statistical analysis, an ANOVA was per-
formed to evaluate the significance of the differences
in resistance among the clones. Means were separated
using the LSD test (p < 0.05).

Results

Transformation and characterization
of transgenic plants

Transformation with the pGJ132 showed that a total
of 70% (28 out of 40) of explants induced callus prolif-
eration. The number of explants with callus regeneration
was 17. The total number of shoots was 218. Not all the
plants growing on kanamycin-containing medium were
positive in the identification of the corresponding gene
present on the T-DNA using the PCR technique. Only
65% (141 out of 218) of the plants rooted in kanamycin
medium displayed a 500 bp amplification fragment for
rip30 gene and a 700 bp for chid gene. The specific
primers did not amplify the corresponding fragments in
the untransformed samples (Fig. 2).

Southern blot analysis was performed in 141 posi-
tive PCR clones and showed that the rip30 and chid
genes were integrated into the genome of the tested
transformed plants. In these transformants, two and
three hybridizing bands were detected for chid and
rip30 genes respectively. Fig. 3 presents a Southern
blot for one selected positive PCR clone (C1) hybrid-
ized with the probes for chid and rip30. Two bands
are obtained for the chid gene (lane Cla), indicating
that there could be two copies inserted for this trans-
genic clone. A digestion with Hind 111, on the other

<«—700 bp
<«— 500 bp

Figure 2. PCR-amplified regions used to confirm the integration
of the rip30 and chiAd genes in transgenic plants of cv. Desirée.
Amplification of ip30 (500 bp) and chid (700 bp) genes in the
transformed potato with the pGJ132. Lane M, size marker. Lane
C, non-transformed control. Lanes C1-CS5, independent trans-
genic potato clones. Arrows indicate the amplified fragments of
rip30 (500 bp) and chiAd (700 bp) genes in transgenic clones.
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Figure 3. Southern blot analysis of the cv. Desirée. Genomic
DNA (10 pg) from transgenic and non-transgenic control po-
tato plants was digested with EcoRI and HindlIl enzymes, and
hybridized with a DIG-labeled probe for chid and rip30 genes.
Lane M, DIG-labeled molecular weight marker III. Lane C-,
non-transformed control. Lane Cla and Cl1b, independent trans-
genic clone transformed with the pGJ132 and genomic DNA
digested with Eco RI and Hind 111, respectively. Lane C”, the
plasmid pGJ132 DNA template as positive control. The arrows
indicate the transgenes copy number in the transgenic clone
(bands with different locations).

hand, gives three bands of the rip30 gene (Fig. 3, lane
C1b). The size of the bands differed, indicating that
this transformant have two and three copies of the chiA
and rip30 genes respectively integrated at random sites
in the genome. The pattern of integration was variable.
Therefore, 84% (118 out of 141) of the transgenic
clones showed two and three copies of the chid and
rip30 genes integrated, respectively, whereas 23 trans-
genic clones showed two copies of both genes. No
transgene insertion was detected in non-transformed
controls.

The Western blot analysis demonstrated that the
rip30 and chiA genes are transcribed and translated into
proteins in the tested transgenic clones. The 30 kDa
peptide of the RIP30 protein was detected as a single
band in the total protein extracts from the transgenic
plants with varying levels of expression in different
clones (Fig. 4a). Also, the 52 kDa peptide of the CHIA
protein was expressed at different detectable levels in
the tested transgenic plants (Fig. 4b). The control non-
transformed plant did not express the RIP30 and CHIA
proteins.
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Figure 4. Western blot analysis of RIP30 and CHIA proteins in
cv. ‘Desirée’. Protein extracts (10 pg) of young leaves from five
independent transgenic clones (C1-C5) and non-transformed
control (C°), resolved in a 15% polyacrylamide gel and sub-
jected to immunoblot analysis using antibodies for rabbit poly-
clonal antiserum. Arrows indicate the 30 kDa band of the RIP30
protein (a) and the 52 kDa band of the CHIA protein (b).

Resistance evaluation to virulent isolate
of R. solani

The results of greenhouse evaluation of the trans-
genic clones expressing the rip30+chid genes are
presented in Table 1. The clones expressing chid and
rip30 genes showed an enhanced resistance to the
pathogen and no symptoms were found in their tubers.
The non-transgenic control presented damages of 10%
of the surface tuber covered by sclerotia, compared
with the high level of protection observed in the trans-
genic clones.

Table 1. Symptoms caused by R. solani in the transgenic
clones of potato ‘Desirée’ expressing rip30 and chid genes,
tested in greenhouse

Transgenic clones Mean symptoms!'

Control (non-transformed) 10.00 b
T1 0.00 a
T2 0.00 a
T3 0.00 a
T4 0.02a
T5 0.03a

! Symptoms were assessed by ADAS scale (Anonymous, 1976),
assigning values between 0 and 25% according to the infected
surface covered by sclerotia. The mean of a total of 25 tubers for
each transgenic clone and for the control is shown. Values fol-
lowed by different letters are significantly different according to
the Tukey’s b test (o < 0.05).
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Discussion

In this study, the potato cv. ‘Desirée’ was trans-
formed with an association of chid and rip30 genes
isolated from Serratia marcescens and Hordeum vul-
gare L., respectively. This was attempted because ap-
plication of multiple resistance genes to plant genetic
manipulations could widen the spectrum and increase
the level of resistance in many crops (McDowell &
Woffenden, 2003; Zhu et al., 2007).

Potato leaf discs were used as explants for transfor-
mation with A. tumefaciens, which has been com-
monly used for this purpose in potato (Beaujean et al.,
1998; Ducreux et al., 2005; Banerjee et al., 20006). In
previous studies the potato micro-tuber discs, were
found to be effective explants for transformation (Es-
fahani et al., 2010). In the laboratory, however, when
micro-tuber discs were used there was a lack of re-
sponse of some varieties and even a decrease in the
regeneration rate (M hamdi et al., 2003). In this study,
using leaf disc explants, the regeneration rate was high
and the transgenic shoots obtained were morphologi-
cally normal.

Differences between the number of plants grown on
selective medium with kanamycin and those positive
in the PCR assay were noted. Something similar was
reported by Kumar et al. (1995), who observed many
escapees despite the selective medium. This could be
explained by the fact that calli are formed by a set of
juxtaposed cells and, thus, some of these cells although
not transformed, can escape the selective antibiotic and
regenerate shoots (M’hamdi et al., 2003). Moreover,
some plants may integrate only the gene of resistance
to the antibiotic but not the transgene, as the transfer
of T-DNA occurs from the right to the left border and
the actual transgene is not integrated (Wang et al.,
1984). Indeed, in the binary vectors that we used, the
nptll gene conferring resistance to kanamycin is near-
est to the right border than the chid4 and rip30 genes.
The transgenic clones (positive in PCR) were confirmed
by Southern blot analysis. This showed that the PCR
product was the result of T-DNA integration into the
genome of transgenic plants. We observed integration
of two and three copies of chid and rip30 genes, re-
spectively, into the genome of 118 clones.

The greenhouse assay was carried out to evaluate
resistance to the pathogen in transgenic plants and
showed enhanced resistance in transgenic clones ex-
pressing the rip30 and chid genes. The combined ex-
pression of these two genes was effective in preventing

disease development. The deployment of genetic en-
gineering approaches that involve the expression of
two or more antifungal gene products in a specific crop
should provide more effective and broad-spectrum
disease control (Jach et al., 1995; Melchers & Stuiver,
2000; Anand et al., 2003; Almasia et al., 2008; Esfa-
hani et al., 2010).

A previous study by Esfahani ef al. (2010) showed
that a combination of chitinase (chit42) and glucanase
(bgn13.1) genes isolated from different Trichoderma
species increased the antifungal activity against
R. solani AG-3 in transgenic potatoes. Chye et al. (2005)
reported that transgenic potato plants co-expressing
Brassica juncea chitinase (B;CHI,) and Hevea brasil-
iensis pB-1,3-glucanase (H,GLU) inhibited fungal
growth better than extracts from transgenic potato
expressing either B;CHI, or H,GLU, suggesting a syn-
ergistic effect. Observations of collapsed epidermal
cells in the co-expressing potato roots suggest that these
proteins effectively degrade the fungal cell wall, pro-
ducing elicitors that initiate other defense responses
causing epidermal cell collapse that ultimately restricts
further fungal penetration.

Our results revealed that the »ip30 and chid genes
were successfully integrated into the genome of trans-
genic potato plants, and expressed as revealed by the
production of the RIP30 and CHIA proteins. The ex-
pression of these two proteins together demonstrated
enhanced resistance to R. solani in the transgenic
potato.

Acknowledgments

Part of this work was funded by the INIA (Spain)
and by Basque Government funds. The authors thank
Dr. Esther Ceballos, Dr. G. Jach (Max Planck Institut
fiir Ziichtungsforschung, Cologne, Germany) and
Dr. E. Ritter (Neiker-Tecnalia) for their technical as-
sistance.

References

Agrios GN, 1997. Plant Pathology, 4™ edn. Academic Press,
NY.

Almasia NI, Bazzini AA, Hopp HE, Vazquez-Rovero C,
2008. Overexpression of snakin-1 gene enhances resist-
ance to Rhizoctonia solani and Erwinia carotovora in
transgenic potato plants. Mol Plant Pathology 9: 329-338.



784 M. M’hamdi et al. / Span J Agric Res (2012) 10(3), 778-785

Anand A, Zhou T, Trick HN, Gill BS, Bockus WW, Muth-
ukrishnan S, 2003. Greenhouse and field testing of trans-
genic wheat plants stably expressing genes for thaumatin-
like protein, chitinase and glucanase against Fusarium
graminearum. J Exp Bot 54: 1101-1111.

Anonymous, 1976. Manual of plant growth stages and disease
assessment keys. Ministry of Agriculture Fisheries and
Food (Publications), Pinner, Key N° 2.4.1. Alnwick, UK.

Banerjee AK, Prat S, Hannapel DJ, 2006. Efficient production
of transgenic potato (S. tuberosum L. ssp. andigena) plants
via Agrobacterium tumefaciens-mediated transformation.
Plant Sci 170: 732-738.

Beaujean A, Sangwan RS, Lecardonnel A, Sangwan-Norreel
BS, 1998. Agrobacterium-mediated transformation of
three economically important potato cultivars using sliced
intermodal explants: an efficient protocol of transforma-
tion. J Exp Bot 49: 589-1595.

Bieri S, Potrykus I, Futterer J, 2000. Expression of active
barley seed ribosome-inactivating protein in transgenic
wheat. Theor Appl Genet 100: 755-763.

Carling DE, Leiner RH, 1986. Isolation and characterization
of Rhizoctonia solani and binucleate R. solani-like fungi
from aerial stems and subterranean organs of potato plants.
Phytopathology 76: 725-729.

Chand T, Logan C, 1983. Cultural and pathogenic variation
in potato isolates of Rhizoctonia solani in Northern Ire-
land. T Brit Mycol Soc 81: 585-590.

Chye ML, Zhao KJ, He ZM, Ramalingam S, Fung KL, 2005.
An agglutinating chitinase BjCHI1 with two chitin-
binding domains confers fungal protection in transgenic
potato. Planta 220: 717-730.

Datta K, Tu J, Oliva N, Ona I, Velazhahan R, Wew TW,
Muthukrishnan S, Datta SK, 2001. Enhanced resistance
to sheath blight by constitutive expression of infection-
related rice chitinase in transgenic elite indica rice culti-
vars. Plant Sci 160: 405-414.

Ducreux LIM, Morris WL, Taylor MA, Millam S, 2005.
Agrobacterium-mediated transformation of Solanum
phureja. Plant Cell Rep 24, 10-14.

Edwards K, Johnstone C, Thompson C, 1991. A simple and
rapid method for the preparation of plant genomic DNA
for PCR analysis. Nucleic Acids Res 19: 1349.

Esfahani K, Motallebi M, Zamani MR, Sohi HH, Jourabchi
E, 2010. Transformation of potato (Solanum tuberosum
cv. Savalan) by chitinase and B-1,3 glucanase genes of
mycoparasitic fungi towards improving resistance to
Rhizoctonia solani AG-3. Iranian ] Biotechnol 8(2):
3-81.

Hartley MR, Chaddock JA, Bonness MS, 1996. The structure
and function of ribosome inactivating proteins. Trends
Plant Sci 1: 254-260.

Hide GA, Welham SJ, Read PJ, Ainsley AE, 1996. The yield
of potato plants as affected by stem canker (Rhizoctonia
solani), blackleg (Erwinia carotovora subsp. atroseptica)
and by neighbouring plants. J Agric Sci 126: 429-440.

Hooykaas PJJ, Roobol C, Schilperoort RA, 1979. Regulation
of the transfer of Ti-plasmids of Agrobacterium tumefa-
ciens. J Gen Microbiol 110: 99-109.

Howie W, Joe L, Newbigin E, Suslow T, Dunsmuir P, 1994.
Transgenic tobacco plants which express the chiA gene
from Serratia marcescens have enhanced tolerance to
Rhizoctonia solani. Transgenic Res 3: 90-98.

Jach G, Gornhardt B, Mundy J, Logemann J, Pinsdorf E,
Leah R, Schell J, Maas C, 1995. Enhanced quantitative
resistance against fungal disease by combinatorial expres-
sion of different barley antifungal proteins in transgenic
tobacco. Plant J 8: 97-109.

Jayaraj J, Punja ZK, 2007. Combined expression of chitinase
and lipid transfer protein genes in transgenic carrot plants
enhances resistance to foliar fungal pathogens. Plant Cell
Rep 26: 1539-1546.

Kato A, Nakamura S, Ibrahim H, Matsumi T, Tsumiyama C,
Kato M, 1998. Production of genetically modified lys-
ozymes having extreme heat stability and antimicrobial
activity against gram negative bacteria in yeast and in
plants. Mol Nutr Food Res 42: 128-130.

Khan RS, Sjahril R, Nakamura I, Mii M, 2008. Production
of transgenic potato exhibiting enhanced resistance to
fungal infections and herbicide applications. Plant Bio-
technol Rep 2: 13-20.

Kumar A, Miller M, Whitty P, Lyon J, Davie P, 1995. Agrobac-
terium-mediated transformation of five wild Solanum species
using in vitro microtubersin. Plant Cell Rep 14: 324-328.

Laemmli UK, 1970. Cleavage of structural proteins during
the assembly of the head of bacteriophage T4. Nature 227:
680-685.

Lehtonen MJ, Ahvenniemi P, Wilson PS, German-Kinnari
M, Valkonen JPT, 2008. Biological diversity of Rhizoc-
tonia solani (AG-3) in a northern potato-cultivation en-
vironment in Finland. Plant Pathol 57: 141-151.

Liu D, Raghothama KG, Hasegawa PM, Bressan RA, 1994.
Osmotin overexpression in potato delays development of
disease symptoms. Proc Natl Acad Sci USA 91: 1888-1892.

Logeman J, Jach G, Tommerup H, Mundy J, Schell J, 1992.
Expression of a barley ribosome inactivating protein leads
to increased fungal protection in transgenic tobacco plants.
Biotechnology 10: 305-308.

Lund P, Dunsmuir P, 1992. A plant signal sequence enhanc-
es the secretion of bacterial Chi A in transgenic tobacco.
Plant Mol Biol 18: 47-53.

McDowell M, Woffenden BJ, 2003. Plant disease resistance
genes: recent insights and potential applications. Trends
Biotechnol 21: 178-183.

Melchers LS, Stuiver MH, 2000. Novel genes for disease-
resistance breeding. Curr Opin Plant Biol 3: 147-152.
M’Hamdi M, Rouviere C, Rojas-Beltran J, Du Jardin P, 2003.
Optimisation de la transformation génétique de la pomme
de terre par Agrobacterium tumefaciens. Utilisation de la
résistance a 1’hygromycine comme marqueur sélectif.

Biotechnol Agron Soc Environ 7: 183-188.



Resistance to Rhizoctonia solani in transgenic potatoes 785

Murashige TH, Skoog F, 1962. A revised medium for rapid
growth and bioassays with tobacco tissue cultures. Plant
Physiol 15: 473-497.

Osusky M, Osuska L, Kay W, Misra S, 2005. Genetic mod-
ification of potato against microbial diseases: in vitro and
in planta activity of a dermaseptin B1 derivative, MsrA2.
Theor Appl Genet 111: 711-722.

Ouyang B, Chen YH, Li HX, Qian CJ, Huang SL, Ye ZB,
2005. Transformation of tomatoes with osmotin and chi-
tinase genes and their resistance to Fusarium wilt. J Hor-
tic Sci Biotechnol 80: 517-522.

Read PJ, Hide GA, Firmager JP, Hall SM, 1989. Growth and
yield of potatoes as affected by severity of stem canker
(Rhizoctonia solani). Potato Res 32: 9-15.

Rozen S, Skalestsky H, 1999. Primer3 on the www for gen-
eral users and for biologist programmers. In Methods in
molecular biology (Misener S & Krawetz SA, eds.). Hu-
mana Press Inc., Totowa, NJ, USA, pp: 365-386.

Stirpe F, Barbieri L, Battelli LG, Soria M, Lappi DA, 1992.
Ribosome-inactivating proteins from plants: present sta-
tus and future prospects. Biotechnology 10: 405-412.

Tabei Y, Kitade S, Nishizawa N, Kikuchi N, Kayano T, Hibi
T, Akutsu K, 1997. Transgenic cucumber plants harboring
a rice chitinase gene exhibit enhanced resistance to gray
mold (Botrytis cinerea). Plant Cell Rep 17: 159-164.

Walter RS, Rosemary L, Gary FD, Weingartner DP, 2001.
Compendium of potato diseases. APS Compendium of
plant disease series, American Phytopathological Society,
St. Paul, MN, USA.

Wang K, Herrera-Estrella L, Van Montagu M, Zambryskie
P, 1984. Right 25 bp terminus sequence of the nopaline
T-DNA is essential for and determines direction of DNA
transfer Agrobacterium to the plant genome. Cell 38:
455-462.

Ward ER, Uknes SJ, Williams SC, Dincher SS, Wiederhold
DL, Alexander DC, Ahl-Goy P, Metraux JP, Ryals JA, 1991.
Coordinate gene activity in response to agents that induce
systemic acquired resistance. Plant Cell 3: 1085-1094.

Xiao YH, Li XB, Yang XY, Luo M, Hou L, Guo SH, Luo
XY, Pei Y, 2007. Cloning and characterization of a balsam
pear class I chitinase gene (Mcchitl) and its ectopic ex-
pression enhances fungal resistance in transgenic plants.
Biosci Biotechnol Biochem 71: 1211-1219.

Zhu Q, Maher EA, Masoud S, Dixon RA, Lamb CJ, 1994.
Enhanced protection against fungal attack by constitutive
co-expression of chitinase and glucanase genes in trans-
genic tobacco. Biotechnology 12: 807-812.

Zhu H, Xu X, Xiao G, Yuan L, Li B, 2007. Enhancing disease
resistances of super hybrid rice with four antifungal genes.
Sci China Life Sci 50: 31-39.



