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ABSTRACT 
 
Genetic engineering is now becoming an emerging tool for both quality and 
quantity enhancement of crops. Red Rot of sugarcane caused by Colletotrichum 
falcatum, is a major disease that causes crop loss. Hence, a genotype of sugarcane 
S-2003-us-359 was selected having susceptibility against the fungus C. falcatum. A 
couple of antifungal gene, that is, HarChit and HarCho (encoding Chitinase and 
Chitosanase proteins respectively) were delivered into its genome along with 
selectable marker gene bar. Proliferated calli of this genotype were bombarded 
with these genes and were put onto the tissue culture regime having basta as 
selection pressure. For the induction and regeneration of calli, selected tissue 
culture media described in detail by Ijaz et al. (2012) were used. After the 
selection of putative transgenic plants on basta, these plants were analyzed and 
confirmed at genomic level using PCR, Southern blotting and reverse transcriptase 
PCR. Gene expression of transgene in the form of protein is required for a 
transgenic plant and as such, these transgenic plants were analyzed for protein 
expression by in vitro assay (Leaf extract assay) and in Planta assay. From in vitro 
assay, it was concluded that in such experiments, if the proteins could be kept 
intact by isolating in required buffer, they can be functional and show their 
performance against fungal pathogens in question. Such assays are highly valuable 
for scientist working in developing countries. In both assays, P9 showed 56.71% 
resistant to C. falcatum as compared with wild type plant. P1 and P5 showed 57.9 
and 65.92% resistance to C. falcatum, respectively. P7 showed more resistance to 
C. falcatum as compared with others, and revealed 75.12% resistance against C. 
falcatum. 
 
Key words:  Transgenics, sugarcane, chitinase, chitosanase, in vitro pathogenecity 
assay, in planta pathogenecity assay 

 
 
INTRODUCTION 
 
Sugarcane is a multipurpose and commercial crop of 
Pakistan (Hussain et al., 2004). Due to its worldwide 
significance as an agricultural article of trade, a lot of 
research has been focused on the improvement of 
sugarcane crop through breeding and recently through 
biotechnological approaches (Hoy et al., 2003). With the 
development of plant molecular biology, genetic 
transformation has become one of the innermost issues in 
molecular breeding (Vasil, 1994). In 1992, Bower and 

Birch presented first report on transgenic sugarcane; 
afterwards there are numerous reports on sugarcane 
transformation with marker genes (Elliott et al., 1998), as 
well as genes controlling agronomic traits (Allsopp et al., 
2000; Leibbrandt and Snyman, 2003). Sugarcane is 
subjected to many diseases caused by fungi, bacteria, 
nematodes and viruses. Red rot is one of the major, oldest, 
broadly distributed and documented disease of sugarcane 
in Punjab and Sindh (Ahmad, 1988). Plants apply countless 
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Figure 1: A Schematic representation of constructs (A) pUbi-HarChit (B) pUbi-HarCho 

 
 

Figure 1: A Schematic representation of constructs (A) pUbi-HarChit 
(B) pUbi-HarCho. 

 
 

strategies to inhibit the ingress of pathogen into cell wall. 
One of such strategies is reinforcement of cell wall which 
involves the phenolic compounds production, such as 
lignin is accumulated in the cell wall, and extra cellular 
matrix is strengthened by glycoproteins rich in 
hydroxyproline. The enzymes secreted by fungal 
pathogens to degrade the plant cell wall are also inhibited 
by plant proteins that are the products of many pathways 
involved in the development of disease resistance. The 
defense response/ PR genes function in a variety of ways 
to hinder fungal infection and the expression of these 
genes in transgenic plants has been shown to augment 
fungal resistance (Muehlbauer and Bushnell, 2003). In 
comparison with the enzymes of plant origin, chitinases 
and (1, 3) β-glucanases of Trichoderma origin are 100 
times stronger and powerful than their counterparts of 
plant origin and are also non toxic to plant tissues even at 
very high concentrations (Lorito et al., 1996).  

Chitinases are imperative and significant component of 
plant defense system (Collinge et al., 1993). This group of 
enzyme hydrolyses β-(1, 4) linkages endolytically in chitin 
molecules (Cabib, 1987).  Chitosan is a component of 
fungal cell wall and degraded by an enzyme Chitosanase, 
and this enzyme is a proficient candidate for slowing down 
the infection process (Hendrix and Stewart, 2002). This 
enzyme is capable of breaking the ß-1, 4 linkages between 
N-acetyl-D-glucosamine and D-glucosamine residues in a 
partially acetylated fungal cell wall polymer. Actions of 
these enzymes are enhanced in plants in response to 
infection with fungal pathogens and have association with 
improved resistance (Ijaz and Khan, 2012). Literature 
supports the Co-expression of chitinase and chitosanase to 
enhance plant defense against fungal pathogens and 
proved their synergistic effect (Ayoo et al., 2011; Rana et 
al., 2012). Chitinases from Trichoderma harzianum, in 
addition to their antifungal activity, have also been 
revealed to augment tolerance against salinity and heavy 
metals in transgenic tobacco (Dana et al., 2006).  Many 

plant species have been transformed with chitinases 
(Punja, 2001) and these studies showed great variability in 
the antifungal effectiveness among chitinases from 
different sources. The in vitro antifungal potential of 
chitinases has been documented (Collinge et al., 1993; Ji 
and Kuc, 1996) and the introduction of chitinase genes 
into plants under the control of a constitutive promoter 
has been found to augment plant resistance to fungal 
pathogens in greenhouse studies (Tabei et al., 1998) and 
field trials (Grison et al., 1996).  

In this study, we co-expressed the genes for Chitinase 
and Chitosanase enzymes, in Red Rot (Colletotrichum 
falcatum) susceptible genotype of sugarcane to enhance its 
resistance against fungal pathogens. For determining the 
affectivity of these expressed proteins against pathogen of 
interest (C. falcatum), we developed a new protocol which 
tells not only about the presence of desired protein but 
also give the information about the affectivity of the 
expressed proteins. This method has advantage over 
Western blot analysis and ELISA. Thus, this is because both 
methods (Western blot analysis and ELISA) only give 
information about the presence of specific protein, but the 
protocol of the present study will help to identify the 
presence, as well as the affectivity of expressed proteins 
where disease resistance related proteins are over-
expressed or down-regulated. 
 
 

MATERIALS AND METHODS 
 
Gene of interest to be used 
 
The genes under study (HarChit and HarCho) were 
selected due to their reported antifungal properties. This 
study was conducted to evaluate the affectivity of these 
said genes against a caustic fungus C. falcatum, which is a 
severe threat to sugarcane. These genes were cloned 
separately under the control of constitutive Ubiquitin-1 
promoter       and     nos     terminators     (Figure 1).     Pant  
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transformation vectors of these two genes were a kind gift 
from Dr. Dirk Becker, University of Hamburg, Germany. 
 
 
Sugarcane transformation  
 
In this study, sugarcane genotype, S-2003-us-359 was 
genetically transformed. Tissue culture system, which is a 
base line of genetic transformation study, was used as 
described by Ijaz et al. (2012). The young leaf rolls were 
chopped into 2-3 mm slices, cultured on callus induction 
medium as described in a publication cited earlier and put 
in the dark at a temperature 26±1ºC for callus induction. 
For co-transformation, twenty one (21) days old 
proliferated calli were bombarded with 0.6 µ gold 
particles. The selectable marker gene, bar cloned under the 
control of different constitutive promoter i-e; 35S 
promoter and nos terminator, was used for the selection of 
transgenic plants. These gene constructs were precipitated 
onto gold particles before bombarding these, following the 
protocol described by Ayoo et al. (2011). Bombarded calli 
were incubated for 5 days in dark conditions at 26±1ºC. 
Subsequently, these calli were set on to selected 
regeneration media (Ijaz et al., 2012) containing basta (10 
mg/l) for selection of putative transgenic plants. In Basta 
containing media, plants that survived were only those 
with bar gene product, while all other ones showed 
necrotic death.  Shoots were regenerated from these 
bombarded calli. The plants which were selected on 
selective medium were multiplied on multiplication 
medium (MS Salt = 4.33 g/l, Sucrose =30 g/l and Phytagel 
= 2.66 g/l). 
 
 
Molecular analyses of transgenic plants 
 
Selected putative transgenic plants were confirmed at 
molecular level for the integration and expression of the 
gene of interest. For this purpose, PCR and southern blot 
analysis were carried out. This is the first step to prove 
putative plants as transgenics at DNA level. Southern blot 
analysis is the second step to confirm the PCR. Thirdly, the 
expression of introduced genes was analyzed using 
reverse transcriptase PCR (RT- PCR).  

DNA was isolated from the non transformed (wild type) 
and putative transgenic plants survived on selection 
medium using the protocol described by Pallotta et al. 
(2000). The sequence of HarChit forward primer is, 
5′GAGAGCCAACGGATACGC 3′ and HarChit reverse primer 
is, 5′CCATCGAAACCCCAATCCTT 3′, whereas sequence of 
HarCho forward primer is, 5′CACAACCACAAATCGGGAAC 
3′ and HarCho reverse primer is, 
5′CGTGGCCGTTATCACCGC 3′.  

For detection by southern blot analysis, 100 μg genomic 
DNA of Wild type and each transgenic plant was cleaved 
with restriction endonucleases. EcoRI was used alone for 

the linearization of both pUbiHarChit and pUbiHarCho 
plasmids. However, HindIII + EcoRI were used to cut the 
cassette out of pUbiHarChit plasmid while PvuII alone was 
used for cassette out of pUbiHarCho. Restricted products 
were separated on 1% gel through electrophoresis 
(biocom ltd, MP-300V) and were transferred to Nylon 
membrane (Fermentas SensiBlotTM plus Nylon Membrane 
(#M1001, #M1002)) by capillary action (Sambrook et al., 
1989). Genomic DNA on the nylon membrane was cross 
linked using UV cross linker (UVP HL-2000 HybriLinker) at 
exposure of 1200 KJ. Gene based plasmid DNA fragment 
(350 bp/400 bp) was labeled with Biotin -11-dUTP. DNA 
on nylon membrane was hybridized with Biotin labeled 
probe by incubating overnight at 42°C with shaking. For 
detection of desired DNA fragments, membrane was 
incubated in Streptavidin-AP conjugate. Enzymatic 
reaction was performed by incubating the membrane in 
freshly prepared substrate solution (BCIP/NBT) at room 
temperature in the dark to develop color of the fragments. 
Development of signal was documented after one hour of 
incubation and then after overnight incubation. 

For Gene Expression analysis, total RNA was isolated 
from young leaves of transgenic and wild type plants using 
peq GOLD Tri fast Reagents. Isolated RNA of wild and 
transgenics plants were used directly for the synthesis of 
cDNA using Revert Aid TM First Strand cDNA Kit, following 
the protocols recommended by the suppliers. rt-PCR 
reaction was carried out by keeping the synthesized cDNA 
as template using HarChit and HarCho primers. 
 
 
Phytopathological assays with Colletotrichum falcatum 
 
Fungal isolates was provided on request by Shakarganj 
Sugarcane Research Institute, Jhang, Pakistan. The fungus 
was multiplied by growing the mycelial plugs on Potato 
Dextrose Agar (PDA) medium at 26±1ºC, 2000 lux, 8/16 
dark and light conditions. When all the mycelia turned 
salmon pink in color, the plates and test tubes were 
analyzed under the microscope at 100 x to observe spore 
development (Figure 2). The spores were harvested by 
flooding and rinsing the mycelium with autoclaved ultra 
pure water. The rinsed water was collected in the falcon 
tube. Few drops were taken and spore density was 
identified with the help of haemocytometer at 100x using 
defined scale. The spores were stored at -80°C. 
 
 
Leaf extract assay (In vitro assay).   
 
Fresh leaves were detached from transgenic and non 
transgenic plants surface sterilized with the help of 70% 
ethanol and crushed in pestle and mortar in 50mM Sodium 
Acetate buffer at pH 5.8(in Sodium acetate buffer Chitinase 
and Chitosanase enzymes retain their maximum activity). 
The crushed material was centrifuged at 13200 rpm for 2-
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Figure 2:  Multiplication of Colletotrichum falcatum and 
spores development. 

 
 

Table 1:  Scale for scoring Infection Establishment by C. falcatum. 
 

Highest level of infection establishment ++++++ 

Higher level of infection establishment +++++ 

High level of infection establishment ++++ 

Midlevel of infection establishment +++ 

Poor level of infection establishment ++ 

Little infection establishment + 

No infection establishment - 

 
 
3 min to separate the debris from watery phase containing 
proteins. One plate containing buffer only, the second plate 
containing spores and buffer in equal volume, and the 
another containing total protein extract from transgenic 
plants mixed with equal volume of spores. The fourth plate 
was contained non transgenic proteins extract mixed with 
equal volume of spores. Spore density was taken as 1x 106 

spores /ml. All experiment was repeated five times. Data 
were collected on the basis of fungal mycelium 
development. The mycelium development in control plates 
(Sodium Acetate Buffer + fungal spores) was taken as 
reference i-e 1 and numbers were assigned to other plates 
as factor of comparison to control. 
 
 
In planta testing against Colletotrichum falcatum  
 
Transgenics and non transgenic controls were sprayed and 
flooded with 1x 106 spores /ml. The sprayed plants were 
incubated in phytotron at 24°C. High humidity was 
maintained by covering the plants with transparent 
polythene bags. As a result, a high humidity in the range of 
70-80% can be maintained (Personal communication with 

Frank Maier, University of Hamburg, Germany). Data were 
collected by observing each leaf for tip dryness, 
development of dead hearts, mid rib redness and red 
lesion. On the basis of these observations, each plant was 
assigned an infection development level based on the 
defined scale given in the Table 1. 
The wild type plant symptoms was taken as reference and 
assigned 100%. Later the symptoms on wild type were 
compared with the symptoms on transgenic lines. Based 
on the data collected through scale in Table 3, a 
pathogenicity index was calculated using the formula given 
as (Rana et al., 2012): 
 
                                                          100   
Pathogenicity Index   =                                                    × Infection level of transgenic plant 

                                           Infection level of Wild type 

 
 

 
 
RESULTS 
 
 This study was basically aimed at the heterologous 
expression of two antifungal genes (HarChit and HarCho 
encoding Chitinase and Chitosanase respectively) of T.  
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Figure 3:  Various stages in transgenic selection: Basta resistant 
plants on medium RM3 with 10 mg/l Basta and ½ MS medium 
with 10 mg/l Basta.(a) selection on regeneration medium (b, c & d) 
Advanced selection stage on regeneration medium (e & f) Selection 
on rooting medium. 

 
 

for HarChit and HarCho. While PCR confirmed, no HarChit and HarCho in non 

transformed sugarcane genotype and means these genes are not present endogenously 

(Fig 4). 

 

  

 
 
 

 

 

Figure 4:  PCR analysis of putative transgenics for HarChit:   M = I kb ladder, E= Empty lane, WT= 

Wild type plants, Transgenic plants =P1, P2, P3, P4, P5, P6, P7, P8, P9, P10, -ve control (water), E=Empty 

lane, + ve control (plasmid DNA) 

 

Transgenic plants proved with PCR were also checked through southern blot analysis, not 

just to confirm the gene constructs presence, but also to check the integration pattern and 

copy numbers of integrated genes in the genome. In all transgenic plants additional bands  

     M      E    WT   E     P1      P2     P3     P4     P5     P6     P7     P8     P9     P10    E    -ve   E    +ve 

 

350bp 

 
 

Figure 4:  PCR analysis of putative transgenics for HarChit:   M = I kb ladder, E= Empty lane, WT= Wild type plants, Transgenic 
plants =P1, P2, P3, P4, P5, P6, P7, P8, P9, P10, -ve control (water), E=Empty lane, + ve control (plasmid DNA). 

 
 
harzianum into sugarcane genotype S-2003-us-359 by 
genetic transformation for inducing resistance against C. 
falcatum. The philosophy behind the co-expression of 
these genes is the synergistic enhancement of antifungal 
activity when these enzymes are used together (Steyaert et 
al., 2004). In this study, a total of 684 calli were 
bombarded and 12 Basta resistant plants were selected on 
10 mg/l Basta, making a transformation frequency of 
1.75% (Figure 3).  
 
 
Molecular analyses of transgenic plants  
 
Genomic DNA from Basta resistant plants was isolated. 
PCR analysis was performed using primer based on gene 

sequence of HarChit and HarCho. The sequence of these 
genes is absent from non transgenic sugarcane line. This 
PCR analysis proved these putative transgenic plants to be 
positive for HarChit and HarCho. While PCR confirmed no 
HarChit and HarCho in non transformed sugarcane 
genotype and means these genes are not present 
endogenously (Figure 4). 

Transgenic plants proved with PCR were also checked 
through southern blot analysis not just to confirm the gene 
constructs presence, but also to check the integration 
pattern and copy numbers of integrated genes in the 
genome. In all transgenic plants, additional bands were 
also present, which show the copy number of the 
integrated gene cassette. Transgenic plants P1, P5 and P7 
all    had    different   integration  pattern showing single to 
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Figure 5: Southern blot analysis of HarChit gene:  M= I Kb ladder, E= Empty lane, 1= 
DNA digested with EcoRI, 2= DNA digested with HindIII, and EcoRI. Lin= Linearized 
plasmid DNA with EcoRI, C.O = Cassette out from construct with EcoRI and HindIII. The 
first lane of every plant contains digested DNA with enzyme which linearized the 
plasmid DNA. Here EcoRI was used to linearize the DNA. The second lane of every plant 
has DNA digested with enzymes which cut gene expression cassette on both sides. Here 
EcoRI and Hind III was used together to separate cassette. The size of Linearized 
plasmid DNA is 5.766 Kb and the gene expression cassette is of 3.025 kb. 

 
 

 
 

Figure 6: rT-PCR analysis of pUbi HarChit: M = I kb ladder, E= Empty lane, WT= Wild type 
plants, Transgenic plants, -ve control (water), E=Empty lane, + ve control (Plasmid DNA).  (a) 
Total RNA    (b) PCR of cDNA. 

 
 
multiple copies of HarChit gene (Figure 5). In positive 
control, an additional smaller band appeared after long 
detection times. This may be attributed to the presence of 
some super-coiled plasmid molecules or any kind of 
unspecific detection. Similarly, transgenic plants with 
different integration pattern showing single to multiple 
copies of HarCho gene were also observed. 

Expression of HarChit and HarCho genes at 
transcriptional level was checked in the transgenics. PCR 
reactions were performed by keeping the synthesized 
cDNA as template, using HarChit and HarCho gene specific 
primers as already used from genomic DNA. Bands of 350 
and 400 bp were expected for HarChit and HarCho genes 
expression, respectively. The PCR products of transgenics 

were compared with non transgenic (wild type) control, 
PCR control (water as template was used in PCR to check 
any contamination) and positive control (Plasmid DNA). 
PCR –ve control did not show any band and same was 
observed in non transgenics (wild type) control, where 
cDNA from non transgenic was taken as template. Positive 
control (Plasmid DNA) showed expected result by giving a 
band of exact size, as shown in transgenic plants, as well 
(Figure 6).  
 
 
Phytopathological analysis  
 
For  phenotypic assays, In Planta and In vitro fungal assays 
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Figure 7:  Graphical representation of In vitro fungal assay: Control: without leaf 
extract, only spores in sodium acetate buffer, and is taken as reference for transgenic 
lines as well as for wild type regenerated plant.  WT: Leaf extract of Wild type in Sodium 
acetate buffer plus spores. P1, P5, P7, and P9:  Leaf extract of transgenic lines in 
Sodium acetate buffer plus spores. Transgenic lines P7 showed less pathogenesis (0.24 
units) as compared to P5, P1 and P9, which have 0.32, 0.4 and 0.43 units for fungal 
growth respectively. Wild type showed more fungus growth by scoring 0.81unit. 

 
 
were performed, and a pathogenecity index was made. 
Wild type (control) was taken as hundred percent. In both 
assays, P9 showed 56.71% resistant to C. falcatum as 
compared with wild type plant. P1 and P5 showed 57.9 
and 65.92% resistance to C. falcatum, respectively. P7 
showed more resistance to C. falcatum as compared with 
others, and revealed 75.12% resistance against C. falcatum. 
In in vitro assay, leaves of transgenic lines, viz, P1, P5, P7 
and P9, as well as wild type plants were ground in Sodium 
acetate buffer, and equal volume of leaf extract and fungal 
spores (100 μl each) were mixed and spread on to PDA 
(Potato Dextrose Agar) medium. These petri plates were 
incubated at 26±1ºC under 16/8 h light and dark 
conditions. Data were taken after 72 h of incubation. After 
72 h clear differences were observed. Fungal growth was 
clearly restricted in petri plates containing transgenic 
plants leaf extracts, while in control and wild type 
comparatively more fungal growth was observed (Figure 
8). 

The results showed that the leaf extract from wild type 
plants did not retard the fungal growth a lot. On an 
average, 0.81 units of fungal arose in wild type plates as 
compared with 1 unit of control. While the transgenic lines 
did not allow the fungus to grow as good as the wild type 
did. The graph (Figure 7) in which a control (have just 
fungal spores in Sodium Acetate Buffer) was taken as 
reference for wild type, as well as for transgenic lines 
shows wild type having more fungal growth than 
transgenic lines by scoring 0.81 units of fungal growth. P7 
plant extract showed less growth of fungus with the unit of 
0.24, followed by P5 plants, which showed more fungal 
growth than P7 by scoring 0.32 units. P9 showed more 
fungal growth than P5 and P7 and scored 0.43, followed by 
P1 with 0.4 units. –ve control with buffer only did not 

show any fungal mass proliferation which means that all 
the cultures were contamination free. 
 
 
In plant analysis of transgenics against C. falcatum  
 
In order to check the resistance status of transgenic plants, 
four transgenic lines, P1, P5, P7 and P9, as well as wild 
type (non transformed regenerated plants) were 
completely sprayed with spore solution. Equal volume (5 
ml) of spores was also applied with irrigation water to the 
roots. Plants were incubated at 24- 25°C in phytotron by 
providing ~ 70-80% relative humidity under 16/8 h light 
and dark rotation. Pathogenicity index was developed on 
the basis of leaf tip dryness, dead hearts on leaf surface, 
mid rib redness and red lesions. First observation was 
taken 10 days after inoculation and then observed daily for 
next two weeks. The graph in Figure 9 shows that if the 
pathogenicity index of wild type is taken as hundred 
percent, it is 43.29% for P9, indicating that P9 is 56.71% 
resistant to C. falcatum as compared with wild type plant. 
For P1 and P5, 42.12 and 34.09% pathogenicity index was 
observed, which shows 57.9 and 65.92% resistance to C. 
falcatum, respectively. P7 showed more resistance to C. 
falcatum as compared with others, and 24.88% ailment 
was observed on this, which revealed 75.12% resistance 
against C. falcatum. 
 
It becomes clear that the results obtained for both types of 
experiments followed the same trends. Therefore, both 
methods are basically reliable. In planta analysis are more 
time consuming, laborious and does not inform us about 
the level of inbuilt resistance against pathogen. In vitro 
assay   is   less time consuming, less laborious and gives us  
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Figure 8:  In vitro fungal assay: Control: without leaf extract, only 
spores in sodium acetate buffer. WT: Leaf extract of Wild type in 
Sodium acetate buffer plus spores P5:  Leaf extract of transgenic lines 
in Sodium acetate buffer plus spores. Comparison of mycelial 
development of C. falcatum was made in the presence of leaf extract 
of wild type and transgenic plants. Fungal growth was documented 
up to 96 hours post culture. Retarded growth of fungus was observed 
in the presence of leaf extract of transgenic plants. 
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Figure 9:   Graphical representation of Pathogenicity index of transgenics as 
well as wild type plants. P7 showed more resistance and less infection level 
followed by P5. Wild type showed 100% infection as reference. 

 
 
information about the inbuilt plant resistance against 
pathogen. 
 
 
DISCUSSION 
 
With the development of plant molecular biology, genetic 

transformation has become one of the innermost issues in 
molecular breeding (Vasil, 1994). Genetic engineering 
offers an additional source of disparity through which 
breeders can develop new resistant varieties and 
introduce the genes which confer resistance against 
stresses. Sugarcane is one of the most important crops of 
the     world.    It   is vulnerable to various diseases. Among 
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Figure 10:  Difference of mid rib redness in control (wild type) and 
transgenics. The transgenic lines showed the reduction in mycelium 
development on the leaf surfaces which appears in the form of reddish 
brown spots along the midrib of leaf.  

 
 

 
 

Figure 11: A) Transgenic plant sprayed and flooded 
with fungal spores 15 days post inoculation. B)  Wild 
type (non transgenic plant) sprayed and flooded with 
fungal spores 15 days post inoculation. The leaves are 
healthy and showed no symptom development on 
transgenic while the wild type non transgenic plants 
showed growth reduction.   

 
 
various diseases of sugarcane, red rot is one of the most 
important disease and a potential threat for sugarcane 
crop. Identification, isolation and transfer of genes into 
sugarcane are feasible due to the advancement in 
molecular biology (Butterfield et al., 2002). In this study, 
genotype S-2003-us-359 was selected for genetic 
transformation through in vitro regeneration study. This 
genotype has good agronomic traits, but susceptible to red 
rot disease. In gene gun mediated transformation, 
transformation frequency is low. In this study, the 
transformation frequency calculated for the genes of 
interest was 1.75%. This frequency is better than the 
frequency observed by Rana et al. (2012) who found 
0.26% transformation frequency in wheat. A low 
transformation frequency, 0.008 to 0.33% (Casas et al., 
1997) and 1.5% (Girijashankar et al., 2005) were also 
reported   in  sorghum. Oldach et al. (2001) reported 0.9%  

transformation frequency in wheat. 
In this study, two antifungal genes, HarChit and HarCho, 

were used and co-expressed. These two antifungal genes 
were taken from T. harzianum, the fungus which was used 
as biocontrol. These enzymes have 100 times more 
chitinolytic and glucanolytic activity than plant 
endogenous enzymes (Lorito et al., 1994). HarChit and 
HarCho genes along with bar genes were delivered into 
sugarcane genome to develop resistance against C. 
falcatum which is a causative pathogen of Red Rot disease. 
These antifungal genes were co-transformed into 
sugarcane genome and their expression was taken 
constitutively. The philosophy behind the co-expression of 
the two antifungal genes was the synergistic enhancement 
of antifungal activity (Steyaert et al., 2004). Fungal cell 
wall chitin is interconvertible to chitosan and some 
portion is always present as chitosan; therefore, the use of 
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chitinase along with chitosanase makes sense as chitinase 
will be tackling chitin and chitosanase will be dealing with 
chitosan. Both enzymes together will bring maximum 
damage to the fungus. Literature supports the Co-
expression of chitinase and chitosanase to enhance plant 
defense against fungal pathogens and proved their 
synergistic effect (Ayoo et al., 2011; Rana et al., 2012). 
Pathological assays of the transgenic lines showed a 
decrease in the damage caused by C. falcatum. 

A total of 12 plants were found resistant to BASTA at the 
completion of transformation experiments. These plants 
were then verified for the presence of HarChit and HarCho 
genes by PCR analysis, Southern Blot analysis and rt-PCR 
analysis. Co-expression of these antifungal genes was 
observed in all twelve plants and this result is in line with 
the result obtained by Mathews et al. (2001), who showed 
70% co-expression of genes of interest. Bliffeld et al. 
(1999) also observed 100% co-integration but our results 
are in contrast with the results of Pellegrineschi et al. 
(2002) and Rana et al., (2012) who observed 25 and 23% 
transgenic plants, respectively out of selected plants in 
basta. Southern blot analysis of this study depicts different 
integration pattern of HarChit and HarCho genes in 
transgenic lines. Integration of transgene copies did not 
correlate with the genes expression levels. Gene 
expression levels depend on the site of integration of 
transgene, and homology-dependent transgene 
inactivation due to integrations of multiple copies 
(Kumpatla et al., 1998). 

The transgenic lines were multiplied in Multiplication 
media (MM) for in vitro multiplication. Sugarcane is 
originally the crop of tropics, but its cultivation has been 
extended over subtropics between latitude 37° North and 
31° South (Reddy, 2004).  Here in our environment, 
sugarcane is propagated vegetatively and not sexually, 
because in our environment sugarcane flowering is not 
possible. As a result, its next generation is not possible 
because Faisalabad is located at latitude 30° to 31.5° 
North. Therefore, only clonal generations are taken by 
growing the plants in the field. In this study, transgenic 
plants were in vitro multiplied instead of clonal 
propagation in green house or in the field. In vitro 
multiplication of plants is time saving, as big number of 
plants can be recovered in short span of time as compared 
with time consuming and less productive green house or 
field conditions. The effect of these antifungal genes was 
observed against sugarcane pathogen C. falcatum, which 
causes Red Rot disease. For the evaluation of HarChit and 
HarCho genes, over expression lines for Red rot of 
sugarcane, young seedlings were used. Transgenic lines 
and non transformed regenerated plants were completely 
sprayed with Colletotrichum falcatum spores (1x 106 

spores /ml). Data were collected after two weeks. Wild 
type was taken as hundred percent, it was 43.29 % for P9; 
it means P9 is 56.71 % resistant to C. falcatum compared 
to wild type plant. On P1 and P5, 42.12 % and 34.09 % 

pathogenicity index was observed, which shows, 57.9 % 
and 65.62 % resistance to C. falcatum respectively. P7 
showed more resistance to C. falcatum as compared to 
others, and 24.88 % ailment was observed on this, which 
revealed 75.12 % resistance against C. falcatum. In planta 
assay has also been carried out done by Ayoo et al. (2011) 
who observed transgenic lines of sorghum, which were 
genetically transformed, as genes for chitinase and 
chitosanase enzymes showed more resistance to C. 
sublineolum than wild type plant (non-transformed).  

Another method was also used to evaluate the affectivity 
of expressed proteins in transgenic lines. This method is 
the modified form of in vitro assays which were reported 
by Oldach et al., (2001). This modified in vitro method was 
not reported earlier. The leaves of transgenic lines and the 
wild type plants were ground in Sodium Acetate Buffer. 
Chitinase and Chitosanase enzymes retained their 
maximum activity in this buffer (Singh, 2010; El-Sayed et 
al., 2011). Leaf extracts were mixed with equal volume of 
fungal spores and spread on PDA medium and incubated at 
26±1ºC for 8-16 h dark and light condition. In in vitro 
assay, the mycelium development was documented for 96 
h post culture. The mycelium development in control 
plates (fungal spores in Sodium Acetate Buffer) was taken 
as reference for wild type, as well as for transgenic lines. 
Wild type showed 0.81 unit mycelium development as 
compared with 1.0 of the control. P7 showed 0.24 unit 
mycelium development as compared with 1.0 of the 
control, followed by P5 transgenic line, which showed 
more fungus growth than P7 by scoring 0.32 units.  P9 
showed more fungal growth than P5 and P7 and scored 
0.43 units for mycelium development, followed by P1 with 
0.4 units. This method can be combined with protein 
analysis, such as Western blot analysis and ELISA. As by 
this way, the affectivity and functionality of transgenic 
protein can be seen. While in other assays (Western blot 
analysis and ELISA) only the presence of protein is shown.  
In comparison with in planta assay, only transgenic and 
non transgenic plants reactions to pathogen are taken. But 
in this in vitro assay, the resistance of non transgenic 
against the pathogen, as compared with the  control 
(having no plant material), can also be seen. Additionally, 
when this method is compared with already used methods 
of resistance analyses that is in planta or detached leaf 
assay, it is not only less expensive, but less laborious and 
easy to handle. In this method, the conditions are more 
controlled as the experiment progresses in vitro under 
controlled light and temperature which is the highest 
possible control in biology. 
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