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Abstract
A defensin gene isolated from chickpea (Cicer arietinum L.), Ca-AFP in the background of
pCAMBIA1301 was transferred into tobacco (Nicotiana tabaccum L. var. petit havana) genome following
transformation using Agrobacterium tumefaciens strain LBA4404. Although all the explants showed GUS
activity after co-cultivation, transgenic tobacco shoots were regenerated only from those explants cultured in
presence of bacteriostatic antibiotic carbenicillin under hygromycin selection. Presence of the antifungal gene
in the regenerated plants was confirmed by PCR, while integration of the whole T-DNA was demonstrated by
southern blot hybridization. Furthermore, southern blot hybridization revealed that most of the transgenics
contained single copy of the T-DNA while few were found to have multiple copies. Expression of the GUS
and Ca-AFP genes in the transgenic plants was observed. Morphological analysis demonstrated that presence
of the transgenes produced no morphological abnormality or yield discrepancy in the transgenics.

Introduction
Of various plant diseases, fungal diseases play the most damaging role in our agriculture. To
protect plants from fungal pathogens and to improve crop production, many strategies are under
practice (Grover and Gowthaman 2003). Broglie et al. (1991) was the first to produce plants with
an antifungal gene to attain this goal and since then many genes have been introduced into plant
genomes to enhance host resistance. For example, hydrolytic enzymes like chitinase and
glucanase, PR-proteins like thionins and osmotins, phytoalxins, elicitors etc. (Grover and
Gowthaman 2003).
Progress in achieving sustainable and effective fungus resistance through genetic engineering
is, however, lagging behind in comparison to success in developing herbicide, insect pest and
virus resistant transgenic plants (Punja 2001). Antifungal gene transformation and expression
present many more challenges including hurdles involved with transformation techniques.
Antifungal proteins which are mostly cationic (e.g. defensins, cercopins and megainins) are not
only toxic to fungi but also have toxicity towards the host plants (Hancock and Lehrer 1998). A
number of reports suggested that constitutive expression of these proteins and peptides might
induce plant cell damage (Osusky et al. 2000) and cause deleterious effect on plant growth and
development (Honée et al. 1995). To overcome these, pathogen-induced expression of
antimicrobial gene in transgenics has been explored lately (Yevtushenko et al. 2005).
Alternatively, attention has also been given to attain broad-spectrum resistance from small genes
as they can be synthesized swiftly and with less effort by the plants. As a result, small synthetic
peptide like MsrA1 (Osusky et al. 2000) and natural peptides like plant defensins (Gao et al.
2000) have been explored to enhance fungal disease resistance in transgenic plants.
In the present study we chose a plant defensin peptide, Ca-AFP (antifungal peptide from
Cicer arietinum L.) to produce transgenics. This peptide was characterized to have broad
antifungal activity ranging from chitin containing fungus Alternaria solani to Pythium
aphanidermatum, which is devoid of chitin in their cell wall (Islam 2004). The peptide was found
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to be encoded by a single gene of 225 bp (Gene Bank acc. No. DQ 288897) (Islam 2004). As
tobacco is a model system to assess efficiency of any new gene, we introduced this defensin gene
into tobacco genome and regenerated transgenics. Following molecular analysis of the transgenic
nature we analyzed the effect of the transgene on growth and development of the transgenic plants.
Finally, stable integration of the transgenes was also checked during this study.
Materials and Methods
Transformation vector construction: The coding sequence of Ca-AFP gene (225 bp) was PCR
amplified (Islam 2004) from chickpea genomic DNA (template) using AFP5’MBam (5’- CGC
GGA TCC atg gcg agg tgt gag aat ttg gct - 3’) and AFPC2BS (5’- GCG GAT CCG AGC TCt taa
caa ttt ttg gtg cac caa - 3’) primers. The amplified PCR product was digested with BamHI and
cloned into the same site of plasmid pFF19 (Marja et al. 1990) to yield plasmid pFF19-Ca-AFP.
The 1.2 Kb fragment of Ca-AFP cassette including CaMV35S enhancer, CaMV35S promoter, CaAFP and CaMV35S polyA was taken from the pFF19-Ca-AFP through EcoRI and HindIII
digestion and cloned into Agrobacterium transformation vector pCAMBIA1301 between GUS and
Hygromycin marker genes at EcoRI and HindIII sites of MCS of the vector. The final construct
was designated as pICGEB-Ca-AFP (Fig. 1).
Tobacco transformation: Agrobacterium tumefaciens strain LBA4404 harboring pICGEB-CaAFP or empty vector pCAMBIA1301 alone was used to transform tobacco by leaf disc method
(Horsch et al. 1985). Following two days of co-cultivation both the batches of leaf discs along
with untransformed tobacco leaf discs were cultured on MS medium supplemented with
hygromycin (30 mg/l) and bacteriostatic antibiotics either carbenicillin (500 mg/l) or cefotaxime
(500 mg/l). A set of un-transformed leaf discs was also cultured as control in regeneration medium
without selection.
GUS histo-chemical assay: For the detection of GUS expression in regenerated shoots GUS
histo-chemical assay was performed as per the protocol developed by Jefferson (1987) and
visualized under a microscope.
Molecular analysis: Molecular analysis of the regenerated plantlets was performed to
determine their transgenic nature at DNA and protein levels.
Southern blot analysis: Genomic DNA of young leaves from regenerated transformed and
untransformed control plants was isolated according to Michiels et al. (2003). PCR was performed
using Ca-AFP specific primers AFP5’MBam and AFPC2BS, and GUS gene specific primers
GUS5’ primer (5’- cgc gga tcc atc tta gct cct gta gaa aac ccc) and GUS3’ primer (5’- gct cga gct
ccc ggg tca ttg gcc tcc ctg ctg). Expected products of Ca-AFP and GUS gene specific primers are
225 bp and 1.8 Kb, respectively. The integration of the T-DNA and insertion pattern was
determined through Southern blot hybridization. Genomic DNA was restricted with EcoRI and
HindIII and probed with Ca-AFP gene sequence to detect the 1.2 Kb integrated gene fragment. If
the expected 1.2 Kb is observed then it would indicate that the whole T-DNA has incorporated
into the host plant genome as the location of Ca-AFP cassette is in between GUS and Hygromycin
gene. For the determination of number of independent insertion of the transgenes, the genomic
DNA was restricted with HindIII which cut the T-DNA at a unique site between GUS and Ca-AFP
cassette. When the digested product is probed either with the GUS or Ca-AFP gene sequence it
would detect all the copies of GUS and Ca-AFP genes.
Dot blot experiment: To determine the antifungal gene expression total protein from the
transgenic and control plants was tested through dot blot experiment. Following loading of crude
protein samples detection was done according to Towbin et al. (1979).
Morphological analysis: Following confirmation of the transgenic nature, morphological
characters such as plant height, number of leaf and leaf area were calculated two months after they
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were transferred to greenhouse. Though plants started flowering after three months, flower number
was recorded after four months. Pods were collected on maturity and average of five pods was
calculated. All the data were collected from five individuals of each transgenic plant line.
Results and Discussion
Transgenic plant production: Only the infected leaf discs (either pICGEB-Ca-AFP or
pCAMBIA1301) that were cultured in presence of carbenicillin survived and regenerated shoots
within three - four weeks (Fig. 2a). The regenerated shoots were then transferred to fresh MS basal
medium supplemented with hygromycin for further growth and root formation. More than 94% of
the shoots rooted and also showed positive reaction during GUS histochemical activity test. The
rooted plantlets successfully acclimatized in greenhouse and matured to flower in three months
like the control plants and fruits were collected on maturity.
On the other hand, the survival and regeneration frequency was extremely low in pCAMBIACa-AFP infected leaf discs cultured in cefotaxime supplemented media (Fig. 2b). Here the
regenerated shoots were found to attain a maximum height of 1 cm but they died in subsequent
subculture. The untransformed leaf discs (control) did not survive on the selection medium (Fig.
2c).
Yu et al. (2001) showed that bacteriostatic antibiotics, cefotaxime and carbenicillin are not
only antibacterial but also affect regeneration process. Silva and Fukai (2001) reported that the
success in transgenic plant regeneration relies on the fine balance of four points, such as (1) the
plant, (2) the Agrobacterium, (3) selection agent and (4) the agent for eliminating Agrobacterium.
They reported enhanced shoot regeneration in presence of cefotaxime while reduced regeneration
in presence of carbenicillin in tobacco under kanamycin selection following Agrobacteium strain
LBA4404 infection. Using the same plant species and bacterial strain our observation contradicts
this report when we tried to regenerate transgenic tobacco under hygromycin selection. We found
no regeneration in presence of cefotaxime. Negative effect of cefotaxime was reported in various
plants including tomato (Ling et al. 1998) and chrysanthemum (Silva and Fukai 2001), while
negative impact of both carbenicillin and cefotaxime on regeneration was observed in rose by Li
et al. (2002).
Molecular analysis of regenerated plants: PCR performed with Ca-AFP and GUS gene
specific primers amplified the expected 225 bp and 1.8 Kb long DNA fragment, respectively. This
confirmed the presence of these two transgenes within the in vitro grown plant genome
regenerated in presence of hygromycin selection (Fig. 3a-b). GUS positive reaction of these
hygromycin resistant transgenic plants during histochemical assay indicates insertion of the whole
GUS and Hygromycin cassettes, and expression of these two foreign genes. When PCR positive
plants were further analyzed through Southern blot hybridization using Ca-AFP probe, a 1.2 Kb
band representing the whole Ca-AFP cassette was found in all the regenerated plants (Fig. 4a). All
these data demonstrated that during integration of the T-DNA into the host genome
rearrangements, deletion or incomplete integration had not occurred.
Most of the transgenic plants showed the presence of one to three copies of inserted T-DNA
in respect to transgenes GUS (Fig. 4b) and Ca-AFP. Lorito et al. (1998) also reported one to three
copies of insertion of antifungal endochitinase gene in tobacco through Agrobacterium-mediated
transformation. Multiple copy insertion is often reported in transgenic tobacco transformed
through same method (Finnegan and McElroy 1994).
All the hygromycin resistant transgenic plants that were found positive for the GUS gene at
molecular level were also found positive at protein level when histochemical assay was performed.
When dot blot experiments of the crude protein samples were performed with Ca-AFP antibody,
expression of the Ca-AFP gene at protein level was also observed in all of these plants (data not
shown). These data demonstrated that all the transgenes expressed in the transgenic plants.
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Fig. 1. Map of the binary vector pICGEB-Ca-APP: antifungal gene. GUS and hygromycine: marker genes, 35S En, 35S P
and PolyA: CaMV 35S enhancer, promoter and polyA signal. 2. Regeneration from infected tobacco leaf discs in
presence, a: carbenicillin, b: cefotaxime, c: un-infected leaf discs under selection. 3. PCR confirmations of regenerated
plants using a: Ca-AFP and b: GUS primers. 4. Southern blot analysis of transgenic plants. Genomic DNA, a: probed
with Ca-AFP. M: HindIII digested ë-DNA marker, Lane1-15: independent transgenic lines, C: un-transformed control.
b: probed with GUS. Lane 1-9: independent transgenic lines, C: un-transformed control. Note that lane 6 and 7 have 2
and 3 copies of insert.

Morphological analysis of the transgenic plants: All the transgenic plants were found
morphologically similar to the untransformed control plants (Table 1). Yield of both transformed
and untransformed plants were also comparable. This indicates that introduction of this antifungal
peptide under constitutive promoter along with an enhancer exerted no deleterious effect on the
host morphology or yield.
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There are many reports of abnormal morphology in transgenics when attempts were made to
produce fungus resistant transgenic plants. Osusky et al. (2000) reported lesion-mimicked
phenotype in transgenic potato when they transformed cationic peptide to obtain broad-spectrum
fungus resistance. Under constitutive promoter, transgenic tomato, was also reported to die when
transformed with elicitor gene to produce fungus resistant plants (Honée et al. 1995).
Table 1. Comparison of morphological features of untransformed control plant with trangenic plants
of six different lines.
Plant
lines
Untransformed
control
16
56
73
102
107
111

Plant height
(cm)

No. of grown
up leaves

Leaf area
(cm2)

No. of flowers
(after 4 months)

Pod weight*
(g)

95

22

156

20

0.81

89
88
89
96
95
94

22
23
21
23
24
24

149
151
150
157
157
154

18
18
19
21
20
22

0.82
0.78
0.61
0.68
0.80
0.95

* Average of five pods is mentioned here.
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