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	 Potato (Solanum tuberosum), one of the indispensable food crops, is susceptible to 
various fungal phyto-pathogenic infections that result in considerable production losses both 
in terms of quality and quantity. Developing fungal-resistant cultivars by introducing pathogen-
resistant genes through transgenic approach has been a powerful tool to provide defense 
against the fungal pathogens. The current study was undertaken to develop a fungal resistant 
trait in a local potato variety.To achieve this goal, a local Pakistani Potato variety (Diamant), 
was transformed with chitinaseChiCgene utilizing plasmid pEKB/ChiC using Agrobacterium 
tumefaciens strain EHA101. The infected explants were grown on MS medium supplemented 
with 2 mg/l BAP and 0.2 mg/l NAA. Explants were then sub-cultured on MS medium supplemented 
with 2mg/l BAP and 2mg/l GA3 for shooting. PCR examination confirmedthe integration of ChiC 
gene in the potato genomic DNA. The transformed potato variety could also be used as fungus-
resistant breeding material and offers new opportunities to develop improved potato cultivars 
fordifferent agronomic and other desirable traits.
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	 P roduc t ion  o f  po ta to  (Solanum 
tuberosumL), one of the mankind’s most valuable 
food crops1  is seriously constrained due to 
occurrence of number of diseases. Fungi, bacteria, 
virus and viroids are the main disease-causing 
organisms which bring significant losses in 
potato production both in terms of quality and 
quantity2. Fungi in particular, cause more than 25 
diseases including black dot, charcoal rot, brown 
spot, common rust, deforming rust, early blight, 
fusarium dry rot, leak, gangrene, etc in potato 

plants limiting the production to a large extent. It is 
thus need of the hour to manage fungal diseases in 
potato plants in order to sustain their productivity. 
Although fungicides are used for the control of 
fungal diseases but their adverse effects on the 
environment do not encourage their use3,4. Genetic 
engineering technology is a powerful tool for the 
introduction of agronomically desired traits into 
commercial cultivars and is environment-friendly. 
However, for the development of transgenic plants, 
identification of suitable target genes and protocols 
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for efficient gene transfer are essential5. With the 
advent of omics approaches, number of genes 
(encoding pathogenesis-related proteins) have been 
identified which can be manipulated to develop 
fungus-resistant plants. The best characterized 
pathogenesis-related genes are those encoding 
chitinase, a lytic enzyme that provides defense to 
plants specifically against fungal phyto-pathogens6. 
Chitinases catalyze the hydrolytic cleavage of the 
â-1,4-glycoside bond of chitin, a key component of 
fungal cell wall7 . The resulted disruption of the cell 
wall makes the fungal cells osmotically unstable 
and malformed by affecting the morphology 
and growth of fungal cells that leads to their 
death. Chitinases (E.C 3.2.2.14), the “glycosyl 
hydrolases” whose molecular weight ranges from 
20 kDa to around 90 kDa[8] , thus exhibit enormous 
potentiality to control the pathogenic plant fungi. 
	 The presence of Chitinases varies from 
micro-organisms (e.g. Bacteria, actinomycetes, 
Yeasts, Fungi) to macro-organisms (e.g. arthropods, 
plants and humans). Bacteria such as Streptomyces9 
, E. coli10 , Alteromonas11 andAeromonas12  have 
the ability to produce Chitnases and such bacteria 
has been isolated from many sources including 
shellfish waste, soil, compost wastes of garden 
and parks and hot-springs. Chitinase has received 
high attention for bio-control of harmful insects 
and fungal phytopathogens. The introduction and 
expression of chitinase gene from different origins 
have resulted in the enhanced fungal resistance 
in different crops including tomato13 , Rice 14-15, 
Groundnut and Peanut16,17,18, Banana19, Italian 
rye grass20 , Cucumber21, Cotton22, Banana23 , 
Grapevine24 and Tobacco25 .
	 In the current study, Diamant, a commercial 
potato variety of Pakistan was transformed with 
chitinase gene, Chi, to increase its resistant against 
fungal phyto-pathogens and sustain its productivity. 

MATERIAL AND METHODS

Plant Material
	 Fresh tubers of Diamant (a commercial 
potato cultivar), were collected from National 
Agr icu l ture  Research  Cent re  (NARC), 
Islamabad. These tubers after authenticated by 
a Taxonomistfrom University of Agriculture, 
Peshawar, were planted in pots in green house and 
were watered on a regular basis until 20 days. When 

the plants were completely developed, shoots 
and leaves were taken for pre-culturing. Leaves 
were washed several times with tap water and 
then surface-sterilized with sodium hypochlorite 
solution (1% active chlorine with 2-3 drops of 
Tween 20) for 20–25 min. The leaves were rinsed 
with sterilized water four times inside laminar 
flow cabinet. Leaf discs were then prepared with 
a sterilized scalpel (5 × 5 mm2) and used for pre-
culture purposes. The experiments were carried 
out at Recombinant DNA Technology Laboratory, 
Institute of Biotechnology and Genetic Engineering 
(IBGE), Agricultural University Peshawar.
Bacterial strain and Transformation
	 A colony of Agrobacterium tumefaciens 
strain EHA101 pEKB containing Chitinase was 
cultured in LB medium in a shaker incubator at 
180 rpm and 28 °C to attain OD of 0.8 at 600 nm. 
The bacterial suspensions were grown overnight, 
centrifuged and then prepared for inoculation.
Plant Transformation and Selection
	 Agrobacterium strain EHA101 harboring 
the binary vector plasmid pEKB/ChiC was used 
to infect the explants. MS medium lacking agar 
was prepared in two separate 100 ml flasks and 
autoclaved at a pressure of 15 psi and temperature 
of 121oC for 20 min. Agrobacterium tumefaciens 
was cultured overnight on a rotary shaker (130 
rpm) at 28oC in liquid LB (Lysogeny Broth) 
medium (containing 10 g l-1NaCl, 5 g l-1 yeast 
extract, 10 g l-1tryptone, 25 mg l-1 chloramphenicol, 
50 mg l-1 kanamycin sulphate with pH 7.2). The 
bacterial suspension was centrifuged at room 
temperature for 15 min at 8000 rpm in 15 ml 
falcon tubes.  Supernatant was discarded and 
the bacterial pellet was resuspended in 100 ml 
flask containing hormone-free MS medium. The 
resulting Agrobacterium suspension (inoculum) 
was used for infection of the explants. All the 
explants were added to the inoculum in the flasks 
and were shaken continuously for 8–10 min. The 
leaves discs were blotted dry with sterilized filter 
paper to remove extra bacterial culture.
Cultivation on MS media
	 The explants were then co-cultivated 
on 1% agar-containing solidified MS medium 
supplemented with 2 mg l-1 benzyl aminopurine 
(BAP), 0.2 mg l-11-naphthalene acetic acid 
(NAA) and 20 g l-1 sucrose, under continuous 
dim light using cool white fluorescent lamps for 3 
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days. The explants which were not infected with 
Agrobacterium and served as controlwere also 
treated likewise.
Co-cultivation
	 After co-cultivation, the explants were 
washed with hormone-free liquid MS medium 
containing 200 mg l-1 cefotaxime and transferred 
to agar-solidified MS medium  supplemented with 
200 mg l-1 cefotaxime as bactericide and 50 mg l-1  
kanamycin sulphate (Km) as selective chemical. 
These antibiotics were added after filter-sterilizing 
and autoclaving. The cultured explants were kept in 
normal-culture room for 2 weeks. These explants 

were transferred to MS medium containing 2 
mg l-1gibberellic acid (GA3), 2 mg l-1Benzyl 
aminopurine (BAP), 1% agar (w/v), and 200 mg 
l-1 cefotaxime.
PCR analysis
	 For molecular analysis, DNA was extracted 
from the young leaves of transgenic and non-
transgenic potato plants using CTAB method. The 
forward (ChiC1- 52 -CGGGATCCGTCATGAG 
T C T G C T G G T C G C - 3 2  )  a n d  r e v e r s e 
( C h i C 2 - 5 2 - A C G C G T C G A C AT C A G C 
AGCTCAGGTTCGGAC-3) primers of the 
chitinase gene were designed and used for 

Fig. 1.  T- pEKH/ChiC DNA region having bar andchitinase genes. The bar and chitinase genes are driven by 
CaMV 35S promoter, and for neomycin phosphotransferase (NPTII) gene by nopaline synthase promoter (nos-p). 
RB indicates right border and LB the left border sequences of the T-DNA region. CaMV 35S-P signifies Cauliflower 
mosaic virus 35S promoter and nos-T  the terminator of the nopaline synthase gene. Restriction enzymes recognition 
sites are also indicated
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Fig. 2. Transformed colonies of E. coli grown on 
solidified LB medium, containing 50 mgl-1Kanamycin, 
and 20 mgl-1Teramycin

Fig.  3.  Agrobacterium tumefaciens-meditaed 
transformation with ChiC gene of potato ‘Diamant’. 
(A) Leaf explants in the course of infection. (B) Explants 
in the course of co-cultivation. (C) Callus formation in 
infected explants after 4 weeks infection, grown on 50 
mg/l kanamycin and 300 mg/l cefotaxime. (D) Shoot 
production in explants after 7 weeks infection, grown 
on100 mg/l kanamycin and 300 mg/l cefotaxime

amplification of ChiC gene in the Agrobacterium 
plasmid by PCR. The anticipated PCR product size 
was around 0.9 kb of chitinase gene. Electrophoresis 
of the PCR products was carried out using 1% 
agarose gel.

RESULTS

Potato Transformation
Competent cells
	 The competent cells were prepared 
using calcium chloride Method26  followed by 
transformation of E. coli with vector plasmid 
pEKB/ChiC (Fig. 1 and Fig 4 A), harboring ChiC 
gene, isolated from Streptomyces griseus strain 
HUT6037. Transformation of E. coli was carried 
out employing the method of Sambrook and 
Russell(2001)[27] that is shown in the (Fig. 2). The 
plasmid extracted from the E. coli was subjected 
to single and double digestion using Bam H I and 
Hind III for confirmation. Gel electrophoresis of 
the digested product was carried out and observed 
as shown in the Fig. 4B.

Potato transfection
	 The Agrobacteriumtumefaciens-mediated 
transformation of potato ‘Diamant’ with ChiC gene 
was done as shown in Fig. 3. Inoculum preparation 
was carried out by culturing Agrobacterium 
tumefaciens EHA101 overnight. The leaves of 
explants were infected and co-cultivated. Callus 
formation was induced on medium having 
50 mg/l kanamycin and 300 mg/l cefotaxime 
after 4 weeks of transfection. After 7 weeks of 
infection, shoot were generated on medium having 
100 mg/l kanamycin and 300 mg/l cefotaxime 
(Fig. 3A, B, C and D).Similar results was also 
found usingAgrobacteriumtumefaciens-mediated 
transformation in shepody and favorite potato 
varities with 67 % of efficiency 28. Another study 
shows that ODREB2B gene is transform into 
zhongshu and huangmazi potato varieties using 
agrobacteriumtumefaciens29.
Molecular Analysis
	 For the screening of transformants 
for ChiC genes integration, genomic DNA was 
extracted using CetylTrimethyl Ammonium 
Bromide (CTAB) method[30]  from the calli 
developed on MS medium containing kanamycin. 
Amplified fragments of approximately 0.90 kb 
were observed for all clones of ChiC suggesting 
the successful integration of transgene into the 
genome of transformed plants (Fig. 4C and 4D). 
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Fig. 4. (A) Plasmid DNA extracted from the E.coli coloniesgrown on supplemented with 50 mg/l kanamycin 
supplemented LB medium. M is size marker (ë/Hind IIIdigest). 1-7 lanes illustrate plasmid DNA extracted from 
independent E. coli colonies. (B) Plasmid DNA extracted from E .coli by restriction enzyme digestion grown on 50 
mg/l kanamycin supplemented LB media. M, size marker (ë/Hind IIIdigest).  Lane 1 shows uncut plasmid (23 kb). 
Lane 2 shows two fragments of the plasmid digested by Hind III. Lane 3 shows plasmid DNA double digestion with 
Hind III and Bam HI. (C)Agrobacterium plasmid DNA PCR Analysis. PCR analysis of plasmid DNA extracted from 
the Agrobacterium tumefaciens colonies grown on LB medium by using the ChiC gene primer. M is size marker (ë/
Hind III digest). 1-5 lanes shows independent colonies in which ChiC gene is amplified (0.9 Kb). (D) PCR analysis 
of dna extracted from the leaf explant calli infected with the A. tumefaciens having ChiC gene, after 40 days of 
infection. M is size marker (1 Kb ladder digest). 1-5 lanes shows independent samples of explant in which ChiC 
gene was amplified (0.9 Kb). Lane 6 shows DNA from non-transformed control plants as a negative control. Lane 
7, plasmid DNA from transformed Agrobacterium tumefaciens, as a positive control (the plasmid DNA).
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PCR products from total DNA of non-transformed 
control plants showed no such amplified band.

Discussion

	 Fungal phyto-pathogenic infections 
are one of the major constraints to agricultural 
production. Almost 25% of plant productivity 
in developed countries and 50% in developing 
countries is lost due to plant diseases of which 
one third is only due to fungal infections31. 
Chemical fungicides are being applied to the 
plants to encounter the fungal infections but their 
use is associated with environmental risks. One 
of the advanced and eco-friendly solution to this 
conundrum is the development of fungal-resistant 
plants though modern biotechnological approaches. 
Genes which provide defense against the pathogen 
infections have been identified as pathogen-related 
genes (PR genes). Chitinase genes are one of the 
important PR genes that exhibit a broad-spectrum 
antifungal activity by catalyzing hydrolysis of 
chitin, a key component of fungal cell wall. In 
addition, these genes have also been reported to 
play vital role in abiotic stress tolerance of plants 
as reviewed by32. Chitinase genes have been used 
to produce genetically modified (GM) plants that 
are resistant to fungi. Cloning, expression and 
introduction of the chitinase gene into biologically-
susceptible species have been one of the appealing 
areas of chitinase applications. The Chitinase 
genes have been characterized from different 
microorganisms 33,34,35,36 and transformed into plants 
and bacterial strains to enhance their antifungal 
activity37.
	 Introducing chitinase genes in susceptible 
plants have been reported to induce enhanced 
protection by degrading the chitin in hyphae 
restricting fungal growth, and by inducing the 
release pathogen-borne elicitors that augment 
defense reaction. The expression of chitinase 
gene has been observed to induce resistance to 
fungal infections in various transgenic crops 
including wheat38 , rice39, tomato13, cotton40, 
apple41 and banana15 etc. In this study, Diamant, 
a commercial potato cultivar was transformed 
with ChiC gene to increase its tolerance against 
fungal phyto-pathogenic infections. This is 
the first report of Agrobacterium mediated 
transformation with Chitinase gene in Pakistani 

commercial potato variety, Diamant. The lower 
transformation efficiency observed in our study 
may be due to hormonal combination, rather than 
transformation efficiency42. Even though 0.5-1 
cm long adventitious shoots were developed from 
some of the explants but these were not enough for 
DNA extraction.

Conclusion

	 In this study, it was concluded that the 
genetic transformation of Diamant, the commercial 
potato variety of Pakistan, which was carried 
out successfully by using the chitinase gene, 
may help in providing resistance against fungal 
phyto-pathogens and sustain its productivity. The 
transformed potato variety could also be used as 
fungus-resistant breeding material and offers new 
opportunities to develop improved potato cultivars 
fordifferent agronomic and other desirable traits.
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