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SUMMARY 

  

 Cotton is the important cash crop of Pakistan and it is susceptible to various biotic and 

abiotic stresses. Abiotic stresses include temperature, radiations, water, minerals and salt stress 

while arthropods, nematodes, fungus, bacteria and viruses are some of the major biotic stresses. 

Cotton leaf curl virus (CLCuV) is economically important monopartite Geminivirus that 

belongs to sub class Begomoviruses, transmitted by whitefly in persistent circulative manner 

and the damage caused by CLCuV ranges upto Rs. 5 billion in Pakistan. The much cultivated 

Gossypium hirsutum is susceptible to (CLCuV) whereas G. arboreum is resistant to this virus, 

but its wax deficient mutant (GaWM3) was found to be susceptible to CLCuV. In this study, 

cuticular wax was characterized both quantitatively and qualitatively in G. arboreum, G. 

hirsutum, GaWM3 and G. harknessii for their role as a physical barrier against whitefly 

mediated viral transmission and co-related with the CLCuV (DNA-A, alphasatellite and 

betasatellite) titer along with the appearance of symptoms in plants. 

 The result depicted that CLCuV symptoms were very clear in G. hirsutum with upward 

curling of leaves and thick veins with the stunted growth. The symptoms in G. harknessii were 

visible as thickened veins and a bit downward curling, but very mild symptoms appeared in 

GaWM3 in the form of a slight upward curling of the leaves and thickened veins whereas G. 

arboreum was found to be asymptomatic. The real time PCR revealed that quantity of 

alphasatellite, betasatellite and DNA-A were 5.9 x 108 molecules/μl, 7.2 x 108 molecules/μl 

and 8.7x108 molecules/μl respectively in G. hirsutum whereas 4.6x 107 molecules/μl, 3.8x 107 
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molecules/μl, 6.3x 107 molecules/μl respectively in G. harknessii and 4.8x107 molecules/μl, 

3.6x107 molecules/μl 6.6x107 molecules/μl respectively in GaWM3 but no particle was 

detected in G. arboreum. The ratios of CLCuV components are almost close to each other in 

G. harknessii and GaWM3. Alphasatellite and DNA-A were relatively high in GaWM3 

whereas betasatellite was slightly higher in G. harknessii that resulted in more prominent 

symptoms in G. harknessii. 

 Quantitative wax analysis revealed that G. arboreum contain 183 µg/cm2 of wax as 

compared to its mutant that have 95 µg/cm2 whereas G. hirsutum and G. harknessii have 130 

µg/cm2 and 146 µg/cm2 of wax respectively. The GCMS results depicted that Lanceol, cis was 

higher i.e., 45% of the total wax compounds in G. harknessii while Heptadecanoic acid was 

prevailing compound in G. arboreum with 25.6% in total wax, whereas 1,2, - 

Benenedicarboxylic acid, diisooctyl ester was  found to be in excess i.e., 18% and 25% in the 

wax of GaWM3 and G. hirsutum. Furthermore, six important wax compounds were found to 

be absent in all three groups except G. arboreum.  

It was also observed from whiteflies feeding dye (Nile blue) assay on four groups of 

experimental plants along with control plant (plants without dye) that whiteflies have fed on 

Gossypium arboreum plants for 3 days got no color in their gut like whiteflies on negative 

control plants whereas the appearance of blue color in the gut of the whiteflies that were 

incubated on GaWM3, G. hirsutum and G. harknessii was observed under microscope with 

varying shades. 

 Reduction in wax contents upto 50% (in the leaves of GaWM3 plants) enables 

whiteflies to transmit CLCuV and cause infection to plants resulted in symptoms of CLCuD 
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whereas whitefly cannot transmit CLCuV in Gossypium arboreum. From the results, it was 

concluded that the quantity and well as quality of wax may have its role in infection caused by 

CLCuV. This information can be utilized for transformation of wax responsive gene in 

Gossypium hirsutum as well as in wax mutant. The level of resistance development in both 

cases will determine worth of this hypothesis and will be useful for overcoming very notorious 

problems of CLCuV. 
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Chapter#1 

 

 

INTRODUCTION 

  

 The non motile nature of plants makes them susceptible to various kinds of stress and 

diseases.  Major losses in yield take place due to biotic and abiotic stresses.  Abiotic stresses 

include temperature, radiations, water, minerals and salt stress while arthropods, nematodes, 

fungus, bacteria and viruses are some of the major biotic stresses. Among these, plant 

pathogenic viruses cause considerable losses in yield of crops. The most notorious part is being 

played by the member of the family Geminiviridae which are transmitted by the arthropods 

(Aftab et al., 2014). 

Cotton is the most significant fiber crop that shares 60% of the total fiber of the world 

(Akhtar et al., 2014). Cotton plays a critical role in Pakistan’s economy. Although it is a non 

food crop, but it earns significant foreign exchange. The share of cotton is 1.5% in GDP of  

Pakistan and it constitutes about 7% of value added in agriculture sector. The cotton crop was 

cultivated over the area of 2879000 hectares in 2012-13 which was 1.6%  more than  last year 

(2835000 hectares) but the production of bales were reduced to 21 million which was 4.2% 

less than the last year. Moreover, the cotton production was 10.3% less than the target because 

of unavailability of water, attack of thrips, aphids, whiteflies and devastating effect of Cotton 

leaf Curl Disease (CLCuD) (Farooq, 2013).  

 Cotton (Gossypium sp.) is a dicotyledonous shrubby Malvaceaious plant that 

basically belongs to the Indian subcontinent, America and Africa. The flower in cotton 

develops into boll and that boll is ripened produce seeds after pollination, surrounded by soft, 

staple fiber which are ultimately used in making cloth. Pakistan ranks 1st in producing cotton 
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yarn, 3rd in exporting raw cotton, 4th in consuming staple fiber and 5th in overall production 

of cotton crop (Rao, 2009). 

The genus Gossypium has almost 50 different species from which four are in 

agricultural use including G. barbadense L., G. herbaceum L., G. arboreum L. and G. hirsutum 

L. and two of these, G. barbadense and G. hirsutum  are tetrapoloid while the rest of the two 

are diploid (Wendel and Cronn, 2003). G. hirsutum dominates in commercial cotton cultivation 

and contribute to 80% of the total cotton production in the Asia. Gossypium genus is very 

diverse in nature and its polyploidy character makes it more difficult to classify it within the 

genus.  Many scientists have tried to classify cotton, but the classification given by (Chen and 

Gallie, 2004)was widely accepted as it was based upon chromosomal affinities. According to 

Chen and Gallie (2004) classification system, 50 species of cotton were classified, in which 45 

were diploids (2n=26) and 5 were tetraploids (2n=52). These cotton species were further 

categorized into 8 genomic groups from A-G and K. On the basis of phylogenetic studies, 

diploid Gossypium was further categorized into two major clads i.e., first is 13D-genome and 

the second is 30-32 A-, B-, F-, C-, G-, and K- genome species lineage. On the other hand, the 

tetraploid Gossypium species were grouped into a single lineage namely 5AD.  

Among 75% naturally occurring diseases of cotton plants are pathogenic. In subtropical 

and tropical region, G. hirsutum  is vulnerable to the Gemniviruses i.e, cotton leaf curl virus 

(CLCuV), cotton leaf Crumple virus (CLCrV)  and Cotton mosaic virus (CotMV) (Sharma et 

al., 2004). From 1992-93 the CLCuV has become a serious threat to cotton as well as Pakistan’s 

economy. During these years, the disease was reported to spread over 97,580 hectares which 

resulted in the loss of 543,394 bales in Punjab. It was the first severe alarming epidemic of 

CLCuV (Mansoor et al., 2003). 

CLCuV belongs to the family Geminiviridae and genus Begomovirus. Geminiviruses 

are group of small insect transmitted plant pathogenic viruses responsible for   various crop 

diseases in cotton belt (Moffat, 1999). Begomovirus constitute the largest and economically 

most important genus containing over 200 species so far and their number is still increasing 

(Hussain et al., 2012). Begomoviruses are transmitted in a persistent circulative manner by the 

whitefly Bemisia tabaci (Gennadius). Begomoviruses are found to be the major culprit of 
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economically important plant diseases i.e.,  Leaf curl diseases of cotton and tomato, cassava 

mosaic, and bean golden mosaic causing annual losses upto billions of dollars per year (Varma 

and Malathi, 2003). 

Generally Begomoviruses are further classified as monopartite and bipartite viruses. In 

monopartite, they contain only a single DNA-A which has the size of 2800n.t approximately. 

Whereas in bipartite, the virus genome consists of two DNA particles i.e., DNA-A and DNA-

B, each having the size of 2600 n.t. (Fauquet and Stanley, 2003). Additionally the ssDNA 

structures may be found along with Begomovirues. These associated structures are called 

satellite DNA, namely alphasatellite and betasatellite, having the genome size 1400 n.t. 

approximately. Betasatellite are found to be associated with pathogenicity and development of 

viral symptoms, but role of alphasatellite has not been established yet (Mubin et al., 2007). 

Since 1990s, whiteflies (Bemisia sp. ) have emerged to become the major pests in 

warmer parts of the world (Ribeiro et al., 2003). The proliferation of the disease was associated 

with the increased population of whiteflies responsible for the transmission of the viruses in 

plants. The whiteflies which have developed association with Geminiviruses or more 

specifically Begomoviruses, have emerged as an important limiting factor for the cultivation 

of vegetable and fiber crops (Morales and Anderson, 2001). 

 CLCuV can be detected by various techniques even visually with help of symptoms. 

The most distinguished symptoms of Cotton leaf curl disease (CLuCLD) is upward or 

downward curling of the leaves with thickened veins which are more prominent on the upper 

side. In severe attacks, the “enation”, the cup shaped outgrowth on outside of the leaf blade is 

also observed. On the whole it results in stunted growth of plant (Khan et al., 2011).  

The first and foremost physical barrier in plant pathogen interaction is epicuticular wax 

(Carver and Gurr, 2008). A layer of cuticle composed of cutin and wax is present on plant 

surfaces, particularly non-woody plant surfaces which protect the plant from environmental 

stresses (Jetter et al., 2000). Besides protecting the  plants from the abiotic stresses, epicuticular 

waxes not only resist bacterial and fungal invaders, but also make it difficult for insects to feed 

upon plants (Eigenbrode and Espelie, 1995). They  may change the feeding behavior of the 
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insects e.g., in wax deficient pea mutants the aphid spent more time on the pea plants (Chang 

et al., 2004).  A protective epicuticular wax layer that is present on a plant surface is highly 

variable in structure, composition and thickness in different plants even among the same genus. 

Chemically wax can be defined as “a polyester matrix of hydroxyl- and hydroxyl epoxy fatty 

acids C16 and C18 long (cutin) embedded / overlaid with epicuticular wax.”  

Intracuticular (impregnated with) and epicuticular (exterior to the cutin biopolymer) 

both types of wax are present on plant surfaces. In some plants with glossy surfaces, 

epicuticular wax is present in the form of smooth film while in some other species, it is present 

in the form of protruding wax crystals (Barozai and Husnain, 2014). Biochemical analysis of 

the wax mutant phenotypes has played an important role in the identification of plant 

epicuticular wax genes. Glossy appearance of wax mutant plants appeared to be linked with 

the deficiency in wax layer. Several wax mutants of different plant species deficient in wax 

layer have been studied (Zafar et al., 2003). 

The Asiatic G. arboreum is resistant to CLCuV (Zafar et al., 2003). To solve the 

mystery of the wax role as a critical barrier in transmission of CLCuV by whiteflies in Asiatic 

G. arboreum, in 2009 a study was proposed in CEMB, University of the Punjab, Lahore, 

Pakistan by production of a wax deficient mutant GaWM3 from Asiatic G. arboreum having 

50% less wax than Asiatic G. arboreum (Khan et al., 2011).  By using this wax mutant plant 

Khan et al., 2011 showed that whiteflies are able to transfer the virus in wax mutant GaWM3 

but not in G. arboreum. Another species of cotton G. harknessii thought to be waxier than G. 

hirsutum was included in this study to evaluate the part played by the wax in the defense system 

of the plant against CLCuV. If some differences are observed either in wax or in comparison 

with values of RT PCR,  will indicate the role of wax in feeding and ultimately transmission 

of CLCuV. So the current study was based on characterization of wax for their role as a 

physical barrier in transmission of CLCuV in cotton. 
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Chapter # 2 

 

 

REVIEW OF LITERATURE  

  

2.1. COTTON 

The English word cotton came from the Arabic word “al qatan” or “kutun” (Weete et 

al., 1978). At the first cotton mean merely a fine textile and the word were broad enough to 

include flax. History of cotton plant cultivation in the world is very old. Pakistan is the ancient 

home of cotton cultivation. The oldest and one of the first discoveries of cotton usage in the 

world  excavated at Moenjo-dro in Sindh, bear testimony to the proficiency of Indus 

civilization in the use of cotton as far backs as 3000 B.C. (Rahman et al., 2002). 

Cotton plant is perennial but domesticated cotton is pseudo-annual shrub which is 

cultivated in hot and humid climate, but wild species can grow in colder, subtropical and 

tropical areas. Cotton crop is sown in beginning of the summer and harvested in fall. Cotton 

belongs to family Malvaceae, genus Gossypium. The classification system given by (Chen and 

Gallie, 2004) is acceptable for most of the scientist. They recognized approximately 50 species 

in Gossypium, including 45 diploids (2n = 26) and five tetraploids (4n = 52). The species on 

the basis of chromosome pairing affinities are clustered into eight genome groups, which are 

referred to as A to G and K. On the basis of phylogenetic studies, diploid Gossypium was 

further categorized into two major clads i.e., first is 13D-genome and the second is 30-32 A-, 

B-, F-, C-, G-, and K- genome species lineage. On the other hand, the tetraploid Gossypium 
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species were grouped into a single lineage i.e., 5AD. Two diploids (G. herbaceum and G. 

arboreum) and two tetraploid species (G. hirsutum  and G. barbadense) are mostly cultivated 

cotton around the world (Wendel and Cronn, 2003).  

Cotton is the backbone of textile industry, it is the cheapest source of fiber as well as 

used as an oilseed crop. It has also gained importance in bioenergy production. Top four cotton 

growing countries, Pakistan, USA, China and India are contributing for approximately two 

third of the world’s cotton. The statistics presented by the OECD-FAO (Food and Agriculture 

Organization) of the United Nations in 2013, depicts the 1.7% increase in cotton production 

across the world. Cotton share 4.6% area among all seeds and grain crops and world total 

cotton production was around 25 Mt (million tons) in 2012 (Silva, 2013). 

Among all the species of Gossypium, the upland cotton, Gossypium hirsutum also 

known as Mexican or long staple cotton rank first in total cotton's share, which is about 90%. 

Gossypium barbadense, commonly known as sea-land cotton, Egyptian or extra long staple 

cotton, is ranked 2nd having the  8% of the world’s cotton shares, while Gossypium herbaceum 

(Levant Cotton) and Gossypium arboreum (Tree Cotton) both contribute 2% of the world’s 

cotton (Jiang et al., 1998). 

G. arboreum (Tree Cotton), although give low yield, but it has many important 

agronomical characteristics i.e., high fiber strength and tremendous plasticity, insects and 

disease resistance, which are absent in G. hirsutum. Beside these G. arboreum can be grown 

under poor growing conditions and low managed area.  

2.2. PROBLEMS ASSOCIATED WITH COTTON CROP 

Problems that are associated with cotton crop are both biotic and abiotic. Various 

pathogens attack cotton plant and cause many diseases i.e. root rot disease caused by abiotic 

factor (over-watering) and biotic factor (Thielviopsis basicola). Cotton leaf curl disease caused 

by single stranded DNA (ssDNA) viruses, Geminiviruses, is also a major threat to subcontinent 

cotton (Mansoor et al., 2003). G. arboreum show high resistance to root rot disease (Wheeler 

et al., 1999) and to the Geminiviridae viruses (Zafar et al., 2003). 
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Continuous changes in the weather pattern of the world have resulted in increased 

temperature and less rainfall which led to the drought condition. World over drought condition 

has seriously affected yield and quality of crops (Huang et al., 2012). The G. arboreum has the 

ability to tolerate and cope with the adverse effects of the drought (Borole et al., 2000). 

G. arboreum L. (Desi cotton) contains desirable genes for stress tolerance not only 

against abiotic but also against biotic factors i.e., resistant against insects (bollworms, aphids 

and whiteflies)  as well as fungal diseases (root and stem rot) (Barozai and Husnain, 2014). 

2.3. VIRUSES  

 The word virus is derived from Latin, literally means poison, first used in English in 

1932.  A virus is a very small, contagious agent that can replicate only in the living cells of 

organisms. Viruses are able to infect all types of organisms, including plants, animals, bacteria, 

and Archaea (Koonin et al., 2006). Viruses are ubiquitously  present in all ecosystems around 

the world (Edwards and Rohwer, 2005). 

 Generally, virus particles are composed of three parts: genome made from either DNA 

or RNA, a protein coat that protects this genome, and a lipid envelope (in some cases) that 

surrounds the protein coat when they are outside of a cell. Viruses have different shapes. They 

may be spherical, rod like, icosahedral or helical. From an evolutionary point of view, there is 

inconclusive report on their origin, most scientists believed that they had been evolved from 

mycoplasmas while others thought they were risen from bacteria, but all are agreed upon their 

role in horizontal gene transfer that help in increasing genetic diversity among individuals 

(Canchaya et al., 2003). Despite of the diseases spread by the viruses and all other activities 

that viruses are notorious for, they still have a very good contribution in science and 

humankind. A lot of scientific research has been done with viruses to study the different 

molecular mechanism in living organisms, such as DNA replication, transcription, translation, 

RNA processing, protein transport, and immunology, (Lodish et al., 2000) and they may still 

be the good source of information regarding genetic the besty and evolution (Suttle, 2007).  So 

virology, the study of the viruses might be beneficial in at least two ways. First, study of the 

virus itself and secondly, how they interact with the host and take over the host cell machinery 
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that leads to several biological pathways and help to understand the hosts (Varma and Malathi, 

2003). 

2.3.1. Plant viruses 

Viruses influence all cellular life. Viruses are very specific in their host infectivity and 

cause infection only in their specific host (Dimmock et al., 2007). Some viruses can only 

replicate within cells that have already been infected by another virus. These are known as 

satellites viruses (La Scola et al., 2008). The virus that complete their life cycle in plants are 

called as plant viruses. As all the viruses are obligate intracellular parasites, plant viruses are 

also dependent upon plant cell machinery to complete their replication.  

The first plant virus was discovered by a Dutch microbiologist namely Martinus W. 

Beijerinck who detect tobacco mosaic virus in 1898. According to him the first virus ever 

depicted and from which the term was finally acquired was the tobacco mosaic virus or TMV, 

which was called “contagium vivum fluidum” or contagious living fluid (Ellis et al., 2008). 

The shape and size of the viruses vary, but almost half of the viruses are rod shaped 

and the average range of the virus length is 300-500nm with a diameter of 15-20nm. To form 

a disc, protein subunits can be placed around the circumference of a circle. In the presence of 

the viral genome, the disks are stacked and a tube is created with room for the nucleic acid 

genome in the middle (Patil et al., 2007) The second most abundant structure found in plant 

viruses are isometric particles which are 40-50nm in diameter. Whenever there is a single coat 

protein, the basic structure consists of 60 T subunits, (T is an integer). Some viruses have 2 

coat proteins and they associate to form an icosahedral shaped particle. There are a few 

numbers of plant viruses which have a lipid envelope in addition to their coat proteins. This 

envelope is derived from the plant cell membrane as the virus particle buds off from the cell. 

Three genera of virus family Geminiviridae possess geminate particles which are like 

two isometric particles stuck together. The beginning of plant virus infection is an intricate 

process which involves entry and disassembly of the virus particle. The virus particle must 

remain stable within the extracellular environment to protect its genome. In order to initiate 

the infection process, the particle must destabilize and disassemble upon entry into a host cell 
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(Narayanasamy, 2008). The copy number of the virus depends upon the availability of the vital 

components, host cell machinery and energy required to derive the replication. 

In most of the cases, the plant viruses are single stranded (ss) positive-sense RNA 

viruses and only in few cases are single stranded or double stranded DNA viruses. The 

multiplication of the virus progeny inside the plant cells involves translation, replication, cell 

to cell and long-distance movement of viral sequences. Since last three decades, significant 

progress has been made to understand the plant-viral interaction and dissemination (Stange, 

2006). 

2.4. GEMINIVIRUSES 

 Geminiviruses are groups of small insect transmitted plant-pathogenic viruses  

responsible for   various crop diseases in tropical and subtropical regions of the world (Moffat, 

1999). Significant amount of crop losses is caused by these viruses sometimes leading to the 

epidemics. Various factors may be involved in conditions that results in crop epidemics such 

as development of more virulent virus by recombination of different Geminiviruses co-

infecting a plant. Other contributing factors include the transportation of viral infecting 

materials,  immigration or emigration of viral vectors and expansion of agriculture into new 

growing areas (Gray and Banerjee, 1999). Geminiviruses have become the subjects of intensive 

research because of their implications to plant pathology, plant molecular biology, and plant 

biotechnology. 

Their genome consists of circular single stranded DNA (ssDNA), composed of one or 

two components of 2700–3000 bp with different sequences. The genome of Geminiviruses is 

encapsidated into twinned particles that are formed by joining two incomplete T = 1 icosahedra 

joined at the missing vortex (Fauquet et al., 2005). They are able to multiply without a helper 

virus. Their replication occurs within the nucleus of the infected cell and is dependent entirely 

on DNA intermediates. 

On the basis of genome structure, host range and insect vector Geminiviruses are 

classified into four genera: Mastrevirus, Curtovirus, Begomovirus and Topocuvirus, (Fauquet 

et al., 2005). These genera infect economically important crops throughout the world and cause 
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significant damage. The Begomoviruses, Curtoviruses and Topocuviruses share superficially 

similar genome structures and only infect dicotyledonous plants, but Mastreviruses not only 

have differences in the genome, but they also infect both monocotyledonous and 

dicotyledonous plants (Mansoor et al., 2003). 

Mastreviruses are transmitted by leafhoppers in a persistent circulative manner, i.e. 

once the insect feeds on an infected plant and acquires the virus, transmission can occur within 

hours and continue for the entire life of the insect (King et al., 2012). Mastreviruses contain a 

single component that encodes their four proteins. 

The Curtoviruses are transmitted in a persistent circulative manner by leafhoppers to 

dicotyledonous plants. They have monopartite genome, encoding seven proteins (Harrison and 

Robinson, 2002). 

The genus Topocuvirus is transmitted by a treehopper. It infects dicotyledonous plants. 

Tomato pseudo-curly top virus is the only species of this genus, having monopartite genome 

encoding six proteins. 

Begomovirus constitute the largest and economically most important genus. Virus 

species in this genus are transmitted in a persistent circulative manner by the whitefly Bemisia 

tabaci (Gennadius). Begomoviruses are found to be the major culprit of economically 

important plant diseases i.e.,  Leaf curl diseases of cotton and tomato, cassava mosaic, and 

bean golden mosaic causing annual losses upto billions of dollars per year (Varma and Malathi, 

2003). 

2.4.1. DNA satellites 

Geminiviruses are often associated with sub-viral agents called DNA satellites. These 

satellites are usually half of the size of actual virus, thus incapable of doing independent 

replication and need the protein for their replication, encapsidation and movement  of the 

helper virus (Patil and Dasgupta, 2006). 
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2.4.2. Begomoviruses 

 The most important genus of Geminiviruses is Begomoviruses. In the last decade, 

production of important crops such as cucurbits legumes, tomato, cassava, cotton and peppers 

and had been affected to a greater extent by Begomoviruses (Mansoor et al., 2003). 

Begomovirus constitute the largest and economically most important genus containing 

over 200 species so far and their number is still rising (Gutierrez et al., 2004). Begomoviruses 

can be divided into two groups based on their genome organization; most have their genome 

split between two DNA molecules of approximately 2600 n.t. each, termed DNA-A and DNA-

B (bipartite), while others have a single DNA-A-like genome of about 2800 n.t. (monopartite) 

(Fauquet and Stanley, 2003).  

2.5. GENERAL STRUCTURE OF GEMINIVIRUSES 

The viruses of the family Geminiviridae are single-stranded (ss) DNA viruses that are 

at present classified into four genera, Curtovirus, Topocuvirus, Mastrevirus and Begomovirus, 

based on their genome organization (Figure 2.1), host ranges, and insect vectors (Fauquet et 

al., 2008). The genomes (or genomic components) of Geminiviruses consist of ssDNA circles 

that replicate in the nuclei of infected cells as double-stranded (ds), replicative-form 

intermediates by a rolling-circle mechanism. The encapsidated form of the viral DNA is 

referred to as the virion-strand. Transcription occurs from the replicative form with genes 

diverging from a non-coding region that harbours cis-acting control elements and a predicted 

hairpin structure containing, within the loop, the sequence TAATATTAC (known as the 

nonanucleotide sequence). Virion-strand rolling-circle DNA replication initiates at the 3' 

adenine residue in the nonanucleotide sequence and this is, by convention, designated as 

position 1 for numbering the nucleotide positions in the sequence of the genome (genomic 

component). A further convention is to name open reading frames (ORFs; genes) as either 

encoded on the virion-sense strand (V) or complementary-sense strand (C) and, for bipartite 

Begomoviruses, to prefix them with A or B when they are encoded in the DNA-A or DNA-B 

component, respectively (Vurro et al., 2010). 
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The virion-sense strand of all Geminiviruses encodes the coat protein [CP; ORF (A) 

V1] that is the only structural protein of these viruses, forming the distinctive geminate 

particles, interacts with the insect vectors to facilitate transmission and is involved in 

movement in host plants (Hanley-Bowdoin et al., 1999) (Figure 2.1). For the New World 

Begomoviruses this is the only virion-sense encoded gene. However, the Old World 

Begomoviruses encode an additional gene, (A) V2, the product of which is involved in 

movement in host plants. The V2 of the Mastreviruses encodes the movement protein (MP) 

that mediates cell to cell movement in host plants. In addition to the CP, the Curtoviruses 

encode two additional genes (Voinnet, 2001). The V2 encodes a protein involved in regulating 

ssDNA/dsDNA levels, whereas the V3 is involved in viral movement in hosts. The genes 

encoded by the Topocuvirus Tomato pseudo curly top virus have not been investigated. 

However, sequence similarities suggest that they mirror the functions of genes encoded by 

Begomoviruses. 

The dicot-infecting Geminiviruses (with the exception of the dicot-infecting 

Mastreviruses) encode four genes on the complementary-sense strand (Figure 2.1). The 

replication-associated protein [Rep, encoded by ORF (A) C1] is a rolling-circle replication 

initiator protein with DNA nicking and joining activity. It is a sequence specific DNA binding 

protein that nicks the virion-strand ahead of the 3' adenine of the nonanucleotide sequence to 

initiate rolling circle replication and resolves new ssDNA circles by cutting and ligating. The 

protein recognizes small repeated sequences, known as “iterons”, just upstream of the hairpin 

structure which are, for the most part, species specific (Wu et al., 2009). The specificity of a 

particular Rep for its cognate iterons is such that, in most instances, the Rep from one virus 

species will not recognize the iterons of a second species to initiate replication.  
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Fig. 2.1: Classification of Geminiviruses. 
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The second complementary-sense gene [ORF (A) C2] encodes a protein that may act 

as a transcription factor that up-regulate host-encoded genes and that may also be a suppressor 

of RNA interference (RNAi – a host defense mechanism that recognizes and degrades foreign 

and aberrant RNAs (Baulcombe, 2004). For many Begomoviruses the (A) C2 protein is also 

involved in up-regulating the late (virion-sense) genes and is known as the transcriptional 

activator protein (TrAP). The replication enhancer protein [REn, ORF (A) C3] interacts with 

host factors, to create a cellular environment suitable for viral replication, and with Rep, to up-

regulate its activity. The (A) C4 protein (ORF C4) is for many viruses a pathogenicity 

determinant and in some cases a suppressor of RNAi. The complementary-sense coding 

strategy of the Mastreviruses is unusual amongst Geminiviruses. The Rep is expressed from a 

spliced transcript of the RepA and RepB (ORFs C1 and C2, respectively) genes. The RepA 

protein, translated from a non spliced transcript, interacts with host-encoded factors to create 

an environment suitable for virus replication and also is involved in up-regulating the 

expression of late, virion-sense genes. The DNA B component of bipartite Begomoviruses 

encodes two additional genes; in the virion-sense the nuclear shuttle protein (NSP, ORF BV1) 

and in the complementary-sense the MP (ORF BC1). These acts in a concerted manner to 

mediate cell-to-cell movement of the virus in plants (Fauquet et al., 2005). 

2.5.1. Begomovirus associated satellites 

Sub genomic particles, now referred as satellites (alphasatellite and betasatellite) may 

be conjoined with monopartite Begomoviruses. The size of these satellites is ~1.4 Kb (almost 

half). Typically, satellites are dependent on helper virus or DNA-A but betasatellite and 

alphasatellite can replicate independently (Briddon and Markham, 2000). The role of alpha 

satellite is still questioned as they are not involved in symptoms and only found in infected 

plants along with betasatellite (Mubin et al., 2007) but definitely betasatellite is are involved 

in pathogenicity  (Saunders et al., 2002).  

Surprisingly alphasatellites are believed to have originated with another family of 

ssDNA containing viruses, the nanoviruses (Gronenborn, 2004). Begomoviruses can either 

have a bipartite genome, with the A component encoding five or six proteins and the B 
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component encoding two proteins, each component being 2.5- 2.8 Kb in size, or a monopartite 

genome encoding six proteins (~ 3 Kb). 

2.6. DETECTION TECHNIQUES 

Visual symptoms coupled with stunted growth of cotton plants make the plants 

suspected in the presence of viral load which can be confirmed by use of molecular biological 

technique like PCR, rolling circle amplification, ELISA and probe based techniques. There are 

many ways to detect the virus in the infected tissue. Some important techniques are as follows: 

2.6.1. Detection of CLCuV in cotton by PCR  

The widely used method for detection of CLCuV is an amplification of viral genomes 

with virus specific primers. In this method the DNA of infected tissue of plant is isolated and 

subjected to amplification by using specific primers designed from conserved regions of the 

virus (Wyatt and Brown, 1996). This method is quite accurate and results are obtained when 

the PCR product is run on an agarose gel to visualize bands of a specific size (Khan and 

Ahmad, 2005). The only disadvantage of this method is that the diseased tissue must have high 

concentrations of the virus particles otherwise it would be difficult to screen the virus even 

though there are mild symptoms on the plants. 

2.6.2. Detection of CLCuV in cotton by ELISA  

 Enzyme Linked Immunosorbant Assay (ELISA) is another method used for estimation 

of viral load in the infected tissues. The protein extracted from CLCuV infected tissues is used 

as antigen in both Double antibody sandwich ELISA (DAS-ELISA) or Triple antibody 

sandwich  ELISA (TAS-ELISA), by using CLCuV coat protein specific antibodies (Sastry, 

2013). This method is quite reliable and give the optimum results, but there lies a number of 

factors which can influence the accuracy and authenticity of the ELISA results. Antibodies 

used in ELISA are very sensitive to temperature and pH, their handling, preparation and 

incubation or storage condition may give the false results (Hewings and D'Arcy, 1984) that’s 

why ELISA is avoided as a major tool in detection of CLCuV. 
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2.6.3. Nucleic acid probe based technique 

 In this technique the DNA is isolated from the infected plant part. Restriction digestion 

of the clone viral DNA A is done with specific enzymes like EcoR1. The digested product is 

visualized on agarose gel which appear in the form of multiple bands. The bands which appear 

on the size of 2.7Kb are purified. This viral DNA is labeled i.e. [α 32P] dCTP to obtain the 

radiolabelled probe. Then the DNA of the experimental plant is labeled with random primer 

extension. The known quantity of this DNA is spotted and then probe is allowed to hybridize 

(Sharma et al., 2004). This technique is very sensitive and may produce false results that’s why 

not used commonly. There is a need to prepare a radio-labeled probe, which is short lived and 

degenerate after some times.   

2.6.4. rolling circle amplification (RCA) 

Rolling circle amplification is another advanced method for detection of circular DNA, 

which is used in this study. It was first discovered in the mid 90s of the previous century that 

certain polymerases such as phi 29 are capable to synthesize the circular or rolling DNA by 

using a single stranded circular template DNA, which was later termed as “Rolling Circle 

Amplification” (Fire and Xu, 1995). Soon it was realized that this circular amplification could 

be used as a powerful tool to detect the single stranded circular DNA (Lizardi et al., 1998) and 

hence used in detection of ssDNA viruses. 

2.6.4.1. Mechanism of RCA 

 The basic concept of RCA is the same as that of circle i.e. “The Endlessness”. In case 

of circular DNA if polymerase get attached to it and start synthesizing the replica, the process 

will go on and on till it is discontinued by some reasons (Zhang et al., 2005). The RCA includes 

very simple ingredients like polymerase, pyrophosphatase, random hexamer primers, dNTPs 

and template. 

The reaction is quite simple which require no specific primer without any other costly 

instrument accept PCR and can produce billions of copies just at a single temperature in a few 

hours (Demidov, 2002).Once millions of copies of CLCuV have been produced from the 
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infected tissue by random primers, it can be used for further analysis for conformation of 

CLCuV either by PCR or restriction digestion (Schweitzer and Kingsmore, 2001). When  

digested with EcoR1 enzyme, the sharp bands of CLCuV are obtained at 2.7Kb positions 

(Sharma et al., 2004). On the other hand, the RCA product may be used for further PCR 

analysis. For PCR the RCA product is diluted and very small amount of RCA product is used 

as a template and amplification is done by using specific primers for CLCuV confirmation. 

This RCA aided PCR based detection of CLCuV is very useful due to its sensitivity to a low 

copy number of viruses (Kuhn et al., 2002).  

2.7. TRANSMISSION OF VIRUSES 

Plant viruses had adopted themselves in diverse ways to be transmitted to their host 

and cause infection as compared to animal viruses. In contrary to animals, plants are sessile 

and hence plant viruses rely upon their vector or some mechanical means. Plasmodesmata are 

the well-known channel of viral transmission and its cell to cell movement in plants. It is 

thought that these mechanisms are exploited by RNA viruses to invade neighboring cells 

(Oparka and Roberts, 2001). 

The most important phase in a life cycle of a plant virus is its transmission. As plants 

do not move, so do the viruses and that is why viruses have to depend on other ways to access 

their host plant or organism. As transmission through vector which is a single step in virus 

biological cycle, can be divided in several phases i.e.,  The first step is the acquisition of the 

viral particles or virions from the already infected host in an appropriate quantity, second, the 

vector must  be able to retain the acquisition virions in its own body (e.g., salivary gland), third, 

release of the  virions when they come in contact with plants during the process of obtaining 

food and finally delivering the virus to an appropriate site where they can infect the new cells 

of the plants. The event of transmission is successful only when all these steps have been 

achieved in consecutive sequence.    

Transmission through insect is not the only way of transmitting plant viruses. Plant 

viruses are transmitted by human activities like cultural practices, mechanical injuries to plants 

and they may also be transmitted by their seed born transmitting nature. Introduction of new 
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crops in an area and change in cropping pattern may also introduce new viruses in that area 

(Andret-Link and Fuchs, 2005). 

2.7.1. Vectors of plant viruses 

 Plant viruses are usually disseminated by vectors namely arthropods, fungi, nematodes 

and plasmodiophore (Froissart et al., 2002) but the major category in the vectors of plant 

viruses is arthropods and in arthropods insects are the main cuarthropods, and 90% of the 

viruses are transmitted by insects among these aphids contributes 55% of viral transmission. 

Then comes the leaf hopper and beetles (11% of each) and whiteflies have only share of 9 % 

in viral transmission to plants  while thrips, mealybugs, termites and mirids have only 2% role 

in transmitting the virus to the plants  (Jeger and Spence, 2001). Besides the insects, nematode 

transmits 7% of the viruses, fungi and plasmodiophore contribute ~5% in total viral 

transmission through vectors (Astier et al., 2001).   

The viral transmission ability of vectors varies greatly as different vectors have 

different retention time, the site where vector retain the virus and the role of the vector other 

than its virus acquisition along with its delivery. On the basis of their ability to transmit viruses,  

virus-vectors relationship can usually be categorized as persistent, semi persistent and non-

persistent. Economically, the most important behavior in viral transmission is the persistent 

nature of vectors. Persistently acquisition of viruses means, the ability of the vector to attain 

the virus once and transmit it throughout their whole life. Although the time of acquisition and 

retention varies from few minutes to a few hours. Sometime only one feeding period is enough 

for persistent transmission while sometimes, it may take a couple of days. The virus may take 

some latent time in vector before its transmission to the host. The virus in the persistent vectors 

is usually found in haemocoel and they come in contact with the salivary glands of vectors for 

the purpose of their transmission to their hosts. The persistently transmitted viruses may also 

be referred as circulative; and further categorized as propagative, in which virus can also 

replicate in their host and non-propagative in which virus can only replicate in the plant cells  

(Gray and Banerjee, 1999).   
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The semi persistent and non-persistent insect virus relationship is quite different to 

persistent one. Vector is able to transmit virus only in a few minutes as compared to persistent 

where the virus may have the latent period. As viruses do not enter the haemocoel, so in these 

two categories, the ability of the vectors to transmit the virus is lost after a few hours or a 

couple of days of virus acquisition. The ability of viral transmission is lost during a molting 

stage in semi persistent vectors as the virus is usually limited to the stylet or salivary gland. 

Sometimes, they are also referred as non-circulative because the viruses do not become 

internalized in vector (Gray and Banerjee, 1999). 

Viruses have their specific mode and vector of transmission. So the best way to control 

the virus is to find the ways to make the host plant genetically resistant (Maule et al., 2007). 

2.7.1.1. Whitefly and associated problems 

The Begomoviruses are transmitted by the whitefly Bemisia tabaci (Gennadius) in a 

persistent circulative manner. (Brown and Czosnek, 2002). Since last thirty years, the 

whiteflies emerged to be the greatest threat to dicotyledonous plants all across the world 

(Ribeiro et al., 2003). Proliferation of the diseases caused by Begomoviruses is directly 

proportional to the increased population of whiteflies. The whiteflies which have developed 

association with Geminiviruses or more specifically Begomoviruses, have emerged as an 

important limiting factor for the cultivation of vegetable and fiber crops (Morales and 

Anderson, 2001). 

2.8. DIFFERENT APPROACHES USED AGAINST 

“GEMINIVIRUSES” 

The basic strategy used for control of Geminiviruses is the use of insecticide against 

whiteflies but this method is not so reliable because it might be too late to control the infection 

in plants as whiteflies might have already transmitted the viruses. Furthermore,  insecticides 

had an adverse effect on the environment and also cause acute toxicity on the living organisms 

(Seal et al., 2006). Keeping the insects away from the plants is not the best option to control 

disease, to create resistance against the viruses in plants can provide the best solution 



20 
 

(Lehmann, 2002). Resistance against viruses may be achieved by pathogen derived resistance 

or non-pathogen derived resistance.  

2.8.1. Pathogen derived resistance 

Pathogen derived resistance can be divided in two categories i.e.,  

I. with protein expression  

II. without protein expression. 

2.8.1.1. Pathogen derived resistance with protein expression   

Replication associated protein generally called Rep proteins play vital role in 

replication of virus in a host cell. They are thought to be involved in the regulation of host 

gene. Rep proteins bring the cell to “S” phase and trigger the synthesis of the viral component 

(Gutierrez et al., 2004, Stanley, 1995). So interfering with the function of Rep protein may 

result in failure of the synthesis of viral components. This strategy was first described by the 

Hong and Stanley (1996) by truncating the N-terminal portion of Rep in African Cassava 

Mosaic Virus (ACMV) which ultimately inhibited the replication of the virus in host 

protoplasts. Similar strategies were developed against Tomato Yellow Leaf Curl Sardinia 

Virus (TYCSV) and Tomato Leaf Curl New Dehli Virus (ToLCNDV) (Brunetti et al., 1997). 

2.8.1.2. Pathogen derived resistance without protein expression 

2.8.1.2.1. Gene Silencing 

The main component of pathogen derived resistance without protein expression is RNA 

interference. In this phenomenon, the mRNA produced by viral gene is either degraded or 

demethylation of DNA take place, hence viral proteins are not formed due to induced 

production of interfering RNA. This strategy was successfully used to control  African Cassava 

Mosaic Virus (ACMV) (Vanderschuren et al., 2009), Mungbean Yellow Mosaic Virus 

(MYMV) (Shepherd et al., 2009) Tomato Leaf Curl Virus (ToLCV) (Zrachya et al., 2007) 

Tomato Yellow Leaf Curl Virus (TYLCV) (Shepherd et al., 2009) Sri Lankan Cassava Mosiac 

Virus and East African Cassava Mosaic Virus (Chellappan et al., 2004). 
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2.8.1.2.2. Antisense RNA 

 An RNA molecule that is complementary to the particular mRNA is called “Antisense 

RNA”. This antisense RNA molecule makes duplex with mRNA and prevent it from being 

translated (Asad et al., 2003). This technique has also been widely used since 1991 and very 

effective against several viruses like Tomato golden mosaic virus (Day et al., 1991) tomato 

yellow leaf curl virus (Praveen et al., 2005) Cotton leaf curl Kokhran virus (Asad et al., 2003) 

and African cassava mosaic virus (Zhang et al., 2005). 

2.8.2. Non pathogen derived resistance  

The first report of transgenic resistant against a plant virus involved the expression of 

the coat protein (CP) gene of Tobacco mosaic virus (Abel et al., 1986) and this strategy was 

subsequently tried for Geminiviruses (Kunik et al., 1994). Tomato plants expressing the CP of 

TYLCV exhibited delayed symptom development and later on showed recovery of symptoms 

which was dependent on the expression level of the CP (Kunik et al., 1994). Although the 

precise mechanism remains unclear, it may be due to inappropriate timing of expression, as 

well as overexpression of the CP which confiscate viral genomic ssDNA, preventing it 

returning to the replication cycle, by acting as a template for complementary-strand synthesis, 

and/or prevent other viral movement associated proteins from gaining access to the ssDNA to 

allow its movement into the next cell (Briddon and Markham, 2000). 

2.9. PLANT SELF DEFENSE MECHANISMS  

Plants have some effective and amplified defense methods against viruses. Plants have 

specialized resistance genes called “R” genes. Whenever a pathogen like virus infect the cells, 

the cells surrounding the infected areas are programmed to death to stop the viral infection in 

plants (Zrachya et al., 2007). Plants also produce certain phenolics i.e., nitric oxide, reactive 

oxygen and salicyclic acid in response to infection (Soosaar et al., 2005) further more plants 

also restrict the transportation of materials through plasmodemata from infected cells (Oparka 

and Roberts, 2001). The use of  RNAi  (Shors, 2011) or siRNA as active defense mechanism  
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against dsRNA viruses (Alberts et al., 1997) is another plant response to viruses however 

viruses may also encode a proteinviruses, howeveris response (Ding and Voinnet, 2007). 

2.9.1. Plant physiological adaptation against insects  

A basic requirement in plant – insect interaction is the attachment of insect with plant surface. 

If insect are unable to attach themselves, no plant – insect pathogen interaction would be 

possible. Most plants have developed some physiological properties that either increase the 

grip of the insect or inhibit them (Koch and Barthlott, 2009). 

2.9.2. Making insect attachment difficult  

Plant surfaces might be slippery because of several ways. The most common is because of the 

covering of epicuticular waxes. The basic mechanism of this slimy surface is the falling of the 

crystals when insects try to attach with them (Gaume et al., 2004). On the other hand the 

epicuticular wax also creates small crystals that make the surface rough. The small crystal is 

very tiny for insect pads that they could not do any help for insects rather they decrease the 

surface area for insect attachment. (Bullock and Federle, 2011). Besides this, the plant may 

produce some fluid to lubricate its surface that may cause trouble in insect attachment (Wong 

et al., 2011).  

2.9.3. Hindering insect movement 

Some plants have modified themselves in such a way that they hinder the insect movement of 

their specialized structure called trichome. Length of the trichome and its density is very 

important for insect behavior. Trichomes offer difficulty in moving, piercing and sucking of 

insects (Whitney and Federle, 2013). Sometimes trichome also act as an indicator of insect 

attack as plant release immediate defense chemicals when trichomes are broken (Alcorn et al., 

2012).  

  



23 
 

2.9.4. Depriving of food for insect 

Plant outer leaf surfaces also contain come calcium oxalate and other inorganic salts. When an 

insect tries to eat plants, these chemical compounds damage the mouthparts and gut (Lucas et 

al., 2000). Other than leafy structures most of the plants contain woody branches and stems 

which difficulty for insect herbivore (Hanley et al., 2007). 

2.9.5. Wax as a mechanical barrier 

Morphological adaptations in plants is not the direct defense strategy against virus 

rather it is a defense strategy against their vectors. Plant leaf surface are the sites of several 

important physiological functions in plants. They also serve as the first layer of defense against 

insects (Eigenbrode and Espelie, 1995). The epicuticular layer mainly include, hair, trichomes 

and waxes. 

Plants epicuticular wax can be a major strategy to control abiotic as well as biotic 

diseases (Khan et al., 2011). 

2.10. EPICUTICULAR WAX 

A protective epicuticular wax layer is present on a plant surface which is different in 

different plant part, cultivar or species. Chemically wax can be defined as “a polyester matrix 

of hydroxyl- and hydroxyl epoxy fatty acids C16 and C18 long (cutin) embedded and overlaid 

with cuticular wax.” Biochemical analysis of wax showed that it is the “lipids, which are 

removed from plant surfaces after brief immersion in an organic (nonpolar) solvent, like 

chloroform, hexane” (Post-Beittenmiller, 1998). The epicuticular wax is a complex mixture of 

organic compounds like hydrocarbons, alcohols, acids and esters (Chachalis et al., 2009) 

among them ester are most common organic compound. Ester may be of different types i.e., 

alkyl esters, amyryl esters, cycloartenyl esters and triacylglycerols (Shepherd et al., 1999).  

A layer of cuticle composed of cutin and wax, is present on plant surfaces, particularly 

nonwoody plant surfaces which protect the plant from environmental stresses (Riederer and 

Muller, 2008). Intracuticular (impregnated with) and epicuticular (exterior to the cutin 
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biopolymer) both types of wax are present on plant surfaces. In some species having glossy 

surfaces epicuticular wax is present in the form of smooth film, while in some other species in 

the form of protruding wax crystals (Riederer and Muller, 2008). 

Complex mixtures of very long chain aliphatics and cyclic compounds constitute plant 

cuticular waxes. The aliphatic compounds consist of fatty acids, aldehydes, ketones, primary 

and secondary alcohols, and very long chain alkanes (C16 to C36). Cyclic compounds such as 

tocopherols, aromatic compounds and triterpenoids  may be present along with aliphatic 

compounds (Buschhaus and Jetter, 2011). 

Wax layer is not only present on plant epidermal cells, but it is also part of specialized 

cells of plant reproductive organs e.g. stigmatic papillae (Lolle and Pruitt, 1999). Long chain 

fatty acids and phenylpropanoids (sporopollenin) may also present on the outer wall of pollen 

(Guilford et al., 1988). 

2.10.1. Wax biosynthesis  

The plastid plays the initial and most important role in wax biosynthesis. The C16-C18 fatty 

acid synthesis starts in epidermal cells of plastids. With the help of long chain acyl coenzymes 

A synthase (LACS), these fatty acids are converted into CoA thioesters which are then 

transferred to the endoplasmic reticulum and sent out of the cell (Yeats and Rose, 2013). The 

wax components containing primary alcohols are formed by the enzymatic activity of fatty 

acyl CoA reductase on very long chain fatty acyl coenzyme A (VLCFA-CoA). The alcohols 

group some time reacts with acyl group – fatty acyl CoA to produce wax esters or sometime 

they can be found free in epicuticular wax (Oshima et al., 2013). Another type of acyl wax 

biosynthesis yield aldehydes and alkanes by the conversion of an intracellular pool of free 

VLCFA back to VLCFA-CoA, which is an important route to aldehyde and alkane 

biosynthesis (Smirnova et al.). The process of alkane formation is bit, two genes CER1 and 

CER3 acts together in the presence of phytochrome B and LACS1 to produce heterogeneous 

expression to yield wax alkanes (La Scola et al., 2008). 
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2.10.2. Role and significance of wax in plants 

Unlike animals, plants are sessile, they do not show any physical motion to escape from 

the extreme of biotic and abiotic stresses. So plants have developed specialized structures to 

tolerate these stresses and epicuticular wax is one of them (Khan et al., 2011). It is present on 

plant surfaces that are directly exposed to the environmental or biotic stresses and there it acts 

as the first line of defense to prevent stomatal water loss, which is the primary function of 

cuticle (Baur, 1998). Other secondary functions of epicuticular waxes are protection from UV 

reflection (Kakani et al., 2003), first physical barrier to the external organisms i.e. plant insect 

and role in plant-pathogen interactions (Carver and Gurr, 2008). 

Epicuticular waxes are chemically composed of such components that form a 

continuous hydrophobic layer, which restricts water loss from plant organs. It had been shown 

that the rate of transpiration is increased by reducing the  amounts of epicuticular waxes (Hall 

and Jones, 1961). 

The epicuticular wax also acts as a barrier against natural predators overcoming their 

success to penetrate the plants through cuticle and other openings (Eigenbrode, 2004). For 

example, Aphidius ervi take more time for actively foraging on wax-deficient pea mutants 

(Chang et al., 2004).  Better inset attachment to the plant surface is thought to be associated 

with abridged wax load (Eigenbrode, 2004). In order to evaluate the foraging success of the 

natural enemies, potential effects of the wax layer on kairomone detectability should be 

considered. An enhancement in the biological pest control could be obtained by using crop 

varieties having an appropriate wax layer (Eigenbrode and Jetter, 2002). The basic idea and 

theme of the present study is depicted in figure 2.2 which shows that the whitefly transmit 

CLCuV in the absence of a physical barrier (increased a waxy layer) in G. arboreum whereas 

waxes act as physical barrier that prevent whitefly to transmit the virus in the plants. 
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Fig: 2.2. Role of physical barrier in transmission of CLCuV in cotton 
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2.10.3. Wax load on leaves 

The epicuticular and intracuticular wax content varies in different plant species and even within 

the same species. Generally the wax load on the plant leaves is estimated to be 1-30 µg/cm2 

with an average thickness of 10-375nm (Buschhaus and Jetter, 2011). The wax load on leaves 

depends upon two factors i.e., leaf surface area and quantity of leaf epicuticular wax (Baker 

and Hunt, 1981).  

2.10.4 . Measurement of leaf surface area 

The leaf surface area can be measured directly or indirectly. In direct measurement, the leaf is 

laid over a 1cm grid paper and the outline of the leaf is drawn. All the underlying boxes are 

counted except those which cover less than half of the grid. This is not an accurate method and 

usually results in rough estimation (Fassnacht et al., 1994). Indirect method is based upon the 

machines, equipment and software that are used to calculate the leaf surface area. One of the 

possibilities is to convert the pixels into the physical units like cm2. In this method a comparison 

is made between the pixels of the already known area with an unknown surface area to calculate 

the unknown surface area by using graphic software like adobe photoshop (Jarao, 2009). 

2.10.5. Methods of wax removal 

2.10.5.1. Scouring 

Scouring is a process used to remove organic substances from leaf surface with the help of hot 

NaOH. Usually in this process, pectin, acids, enzymes, waxes and lipids are removed. But this 

process is not considered best because of the nonspecific removal of organic substances. 

Moreover, high concentration of NaOH is required for removal of substances and then the 

waste over is neutralized before dumping which may otherwise cause a big environmental 

problem (Agrawal et al., 2007). 
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2.10.5.2. Mechanical Removal of Wax 

Plant epicuticular wax can also be removed mechanically. In this method, a glycerol or any 

cryo-adhesive material is applied to the piece of metal like spatula and then leaf is placed on 

the assembly of adhesive material that is applied on metal plate. This assembly is dipped in 

liquid nitrogen to freeze for 3-4 minutes. This apparatus is then removed and the leaf surface 

is peeled off. The glycerol containing the wax surface is dipped in water or chloroform to 

isolate the wax from the   glycerol (Jetter et al., 2000).   

2.10.5.3. Decoction 

The removal method of a substance from herbal part of dissolving or  boiling it in a chemical 

is called decoction (Hamlyn, 1984). Depending upon a plant species, chloroform or hexane 

may be used as solvent. Leaves of plants may be dipped in solvent for 30s to 1 minutes and 

then solvent is evaporated by heat to extract the plant epicuticular wax (Barozai and Husnain, 

2014). 

2.10.6. Gas Chromatograph Mass Spectrometry (GC-MS) 

Gas chromatograph mass spectrometry is the combination of two techniques i.e.,  Gas 

chromatography and mass spectrometry commonly known as GC-MS. The gas 

chromatography is used to readily separate the compounds and mass spectrometry is used to 

identify the compounds and their structure along with quantification (Oyo-Ita and Oyo-Ita, 

2013). 

Samples and solvent used in GC-MS must be organic and volatile like hexane which may be a 

limitation of this techniques (Sakari et al., 2012).  The amount of the sample required for 

analysis depends upon the method of ionization that may require 1 to 100 pg of the sample. 

The sample is made clean from remnants, pigments, inorganic salts and residue before loading 

otherwise may choke the capillaries of the system (Kuo et al., 2012).  

This technique has certain limitations too i.e., (i) the compounds having the vapor pressure less 

than 10-10 torr are difficult to analyze without their derivatives and  sometimes, (ii) the isomeric 
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compounds are hard to differentiate (Sakari et al., 2012). In this technique, the retention time 

of the compound is noted and this retention time helps to identify the compounds by probability 

matching in the library. This technique gives us a pretty good idea of the compounds present 

in solution and their structure, but yet this is an idea that need to be further verified by different 

techniques (Gross, 2004). In the present study, this technique was used to identify the organic 

chemical compounds present in plant epicuticular waxes. 

2.11. EPICUTICULAR WAX GENES 

Biochemical analysis of the mutant phenotypes has played an important role in the 

identification of plant epicuticular wax genes. Glossy appearance of mutant plants appeared to 

be linked with the deficiency in wax layer. Several mutants of different plant species deficient 

in wax layer have been studied (Mariani and Wolters-Arts, 2000). 

Aldehyde decarboxylase (a key wax biosynthetic enzyme) is involved in the conversion 

of aldehydes to the alkanes. On the surface of cer1 mutants, the gene encoding that aldehyde 

decarboxylase may be involved in the decreased intensity of alkanes, ketones secondary 

alcohols and high aldehyde levels (McNevin et al., 1993) however this hypothesis is yet to be  

established (Aarts et al., 1995). Moreover, cer1 has sequence similarity with EPI 23, a Kleinia 

odora epidermis specific protein and GLOSSY1 (GL1) protein of Zea mays (Maize) 

(Hannoufa et al., 1993). These proteins thought to be involved as transporters in wax secretion 

through membrane, as they contain 5-7 predicted transmembrane domains (Hansen et al., 

1997). 

The wax composition in CER2 gene resulted in obstruction of the elongation of fatty 

acids C26 (Hannoufa et al., 1993). When the CER2 gene was isolated (Xia et al., 1996), the 

resulted amino acid sequence had no homology to any previously known gene product, giving 

no idea of its biochemical function. 

2.11.1. Epicuticular wax and cotton 

Epicuticular wax ridges protect the upper and lower surfaces of cotton leaf by forming 

an amorphous layer of cuticle (Oosterhuis et al., 1991). The thickness of epicuticular wax in 
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cotton leaf is about 30um, and this thickness increases up to 30% with treatment of dehydration 

(Weete et al., 1978). The wax deposition on cotton leaf, bract and boll was increased up to 

68.57%, 46.8% and 4.1% respectively under water stress and act as a barrier against non-

stomatal water loss (Bondada et al., 1996). 

The main constituents of the leaf epicuticular wax under water stress were long chain 

alkanes like, no-octacosane, n-nanocosane, n-triacontane, dotricontane, and on-tetracotane 

(Bondada et al., 1996). Similarly, in bract wax n-octacosane and n-tricotane, in boll n-

nanocosane and n-tricosane were the major long chain alkanes. Wax morphology of cotton 

leaf, bract and boll under both water stress and well watered condition were same, as shown 

by scanning electron microscopy. Exposure of cotton leaf to UV-B radiation also increases 

epicuticular wax deposition (Kakani et al., 2003). 

2.12. WAX MUTANTS 

Analysis of wax mutant phenotypes has also been carried out after the epicuticular wax 

gene identification through molecular biology techniques. Most wax mutants share visual 

morphological similarities to the wild type, except for their glossy appearance. 

Epicuticular wax mutants were first identified by (Dellaert et al., 1979) in Arabidosis 

referred them as eceriferum (cer), which in Latin is “without wax”. The first allelism studies 

were reported by Koorneef et al., (1989). Reduced fertility in water stressed condition is a 

common pleiotropic effect of wax mutation; it can be restored by providing higher humidity 

environments as showed in  cer1, cer2, cer3, cer6, cer8, cer9, cer10, cer22, cer25, ded and 

wax1 (Koornneef et al., 1989). This infertility is limited to male gamete as shown by 

experiments on cer2 and cer6, and that mutant pollen coats did not have certain waxes. 

In cer2 mutants of Arabidopsis plants, the total amount of wax was 40% less than the 

wild type plants. The major reduction was found in aldehydes, ketones, secondary alcohols, 

and ketones having two or four carbons shorter than the wild-type plants (Hannoufa et al., 

1993). 
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Wax deficient mutants have been studied in several plants species i.e., Arabidopsis, 

Brassica napus, barley (Hordeum vulgare) and  maize (Zea mays). Arabidopsis and Barley 

have eceriferum (cer) mutant loci, whereas in B. napus and maize were termed as glossy 

(Rostás et al., 2008). 

 Eighty five (85) cer loci were identified in barely (Kunst and Samuels, 2003). 

Arabidopsis currently has 25 known mutants with varying degree of waxlessness. cer1 to cer10 

have the very glossy appearance and cer11 to cer22 showed less glossy (Koornneef et al., 

1989). 

 Chemical and physical induced mutation have been used to produce wax mutant 

varieties of Arabidopsis and maize (Jenks et al., 1994). Induced mutagens diethyl sulfate and 

ethylmethanesulfate were used to produce wax mutant varieties of Sorghum bicolor (Jenks et 

al., 1994) and Arabidopsis (Koornneef et al., 1989). 

In the present study, an attempt was made to evaluate epicuticular wax of leaves and 

whitefly relationship based on the quantity (determined by biochemical test) and quality of 

wax (determined by GC-MS) present in different plant species i.e., Gossypium arboreum, the 

well-known virus resistant species (Zhang et al., 2005), the virus susceptible Gossypium 

arboreum wax deficient mutant (GaWM3) which was developed  in Center of excellence in 

Molecular Biology (CEMB), University of the Punjab (Khan et al., 2011), the largely 

cultivated and virus susceptible Gossypium hirsutum and a wild relative of Gossypium from 

Canada, the G. harknessii which thought to be more waxy but virus susceptible. The difference 

in quality and quantity of wax in experimental plants in comparison with values of Real-Time 

PCR, will indicate the role of wax in feeding and ultimately transmission of CLCuV. 
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Chapter # 3 

 

 

MATERIALS AND METHODS 

  

3.1. SELECTION OF PLANT MATERIALS 

The cotton plants were selected on the basis of susceptibility to CLCuV and the amount 

of the epicuticular wax. In this study, the Asiatic Gossypium arboreum along with its wax 

deficient mutant named as GaWM3 which was developed at Center of excellence in Molecular 

Biology, University of the Punjab (Khan et al., 2011), upland cotton G. hirsutum and cotton 

from the Hawaiian origin G. harknessii were selected. The G. arboreum is resistant to CLCuV 

whereas GaWM3, G. hirsutum and G. harknessii are susceptible to this virus. The amount of 

the epicuticular wax varies in all experimental plants. The seeds of these experimental plants 

were sown in pots as well as in the field of Center of excellence in molecular biology. 

3.2. ANATOMICAL STUDIES OF PLANTS 

To differentiate experimental plants in the greenhouse and the field, the anatomical 

features of plants were studied with the main focus on leaves and flower. In vegetative 

characters, the color of the branches, presence or absence of stipules and petioles, the shape of 

the leaves was recorded. Whereas in the reproductive characters, the characters of pedicels, 

epicalyx, calyx, corolla and staminal tube were observed.   

 The slides of the cross section of the leaves of all four groups of cotton plants namely 

G. arboreum, GaWM3, G. hirsutum and G. harknessii were also taken under consideration to 

evaluate the role of mesophyll layers of the plant cell in feeding of whiteflies (Jiang et al., 
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1998). Thin cross section of the leaves was cut and placed on the slide and observed under the 

microscope (Zeiss, Imager A1) at 10X x 40X zoom. The thickness of the mesophyll layer was 

measured and co-related with quantity of CLCuV in these four groups of cotton plants and 

quantity of wax in each plant was measured.  

3.4. COMPARISON OF CLCuV QUANTIFICATION IN FOUR 

GROUPS OF COTTON 

3.4.1. Symptoms on the plants 

The parameters studied in control and experimental plants to determine the symptoms 

were presence or absence of leaf curling (both upward and downward), thickening of leaves 

enation and growth (stunted or normal) of the plants. 

3.4.2. Designing of primers and probe 

Primers and probes were designed to detect and quantify the viral particles, DNA-A, 

alphasatellite and betasatellite in experimental plants. The coordinates for primers and probe 

have been shown in fig. 3.1. Primers and probes were designed for the C1 region of 

betasatellite, Rep, region of alphasatellite and coat protein of DNA-A. The sequences were 

accessed from NCBI with accession number X98995.1, HF567946.1 and FR873751.1 

respectively, for DNA-A, alphasatellite and betasatellite. The primers and probes are listed in 

table 3.1 and their coordinates have been shown in fig 3.1 were designed by using the 

“Genscript” website software (https://www.genscript.com/ssl-bin/app/primer). 
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Table 3.1: Designing of primers and probe to detect DNA-A, alphasatellite and 

betasatellite 

DNA-A 

CP-F 5’AAACAACAGGCATGGACAAA’3, ‘3,  

CP-R 5’ CCGACACCACGAGTAACATC ‘3 

CP-P   Fam- 5’TGGGCCTTCACAACCCTTTGG ’3 - Tamra 

Alphasatellite  

Alpha Rep-F 5’GTCTTCCGACGAGTTAAGGC’3,  

Alpha Rep-R 5’GTCTCTGGCAAAGGTGGATT’3, 

Alpha Rep-P Fam- 5’AACGGGACCCAGATGACCGC’3 – Tamra 

Betasatellite  

BetaC1-F 5’TTCCTATTCGCATACAACGG’3, 

BetaC1-R 5’ ATGCATTGCTGGTTTGTGTT’3 

BetaC1-P Fam- 5’ACGGTTCGATTACATCCATTCCCAA’3 - Tamra 
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a 

b 

c 

Figure 3.1: Coordinates for primer and probe designing for detection and quantification 
of (a) alphasatellite, (b) betasatellite and  (c) DNA. In this figure, orange, red and blue lines 
depicts forward primer, probe and reverse primer sites. 
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3.4.3. Making standards for real time PCR 

 To quantify the CLCuV components (DNA-A, alphasatellite and betasatellite), the 

absolute quantification method was used. As there are no standards commercially available for 

CLCuV quantification, so virus from plants was amplified and its serial dilutions were made 

and quantified in order to make the serial dilutions. This step can be further divided into the 

following steps:  

3.4.3.1. Isolation of DNA 

DNA of infected symptomatic plants was isolated by following the CTAB method (Rao 

et al., 2011).  

The leaves were ground in mortal and pestle with the help of liquid nitrogen and 

transferred to 1.5ml tube. For the lysis of the cell wall, 700µl of CTAB buffer (appendix I) was 

added to the ground leaves samples. It was mixed gently and incubated on 65oC for 1 hour. 

After one hour, Chloroform and Isomylalcohol (24:1) were added in equal volume and mixed. 

Tubes were then centrifuged at 13000rpm for 10 minutes and the supernatant was taken to the 

new tubes.  In supernatant, 0.6 volumes of isopropanol were added to precipitate the DNA. 

The tubes were incubated at room temperature for 1 hour and spun for 10 minutes at maximum 

speed so that DNA could be precipitated. After centrifugation, the precipitated DNA (as pellet) 

was saved and the supernatant was discarded. To remove any impurities washing of the pellet 

was done with 70% ethanol. After washing, Pellets were air dried and resuspended in distilled 

water. In order to remove the RNA content present in the DNA, 1 µl of RNAase was added in 

each tube and incubated at 370C for 20 minutes. Equal volumes of chloroform and 

isomylalcohol was added and mixed gently. Tubes were centrifuged again and supernatant was 

taken. In the supernatant 40 µl of NaCl was  added  and the DNA was precipitated with 100% 

ethanol. The pellet was saved and washed with 70% ethanol. The pellet was washed and air 

dried and finally it was dissolved in 80µl distilled water. 
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3.4.3.2. Rolling circular amplification (RCA) 

Plant genomic DNA was used as a template for RCA (Khan et al., 2011). The genomic 

DNA was quantified and normalized to 50ng/µg. For the RCA “Illustra templiphi” 

amplification kit (Cat # 25-6400-10) was used. Tubes for negative and positive control were 

also labeled. According to the kit manual, the 15 µl of the sample buffer was transferred to 

0.2ml reaction tube and 3µl of normalized DNA (50ng/µl) was dispensed as a template. The 

tubes were short spun and placed in PCR machine at 95oC for 3 and cooled down to 4oC. After 

cooling, 15 µl of the reaction buffer was added to each tube with 0.6 µl enzyme and tubes were 

then incubated at 30oC for 18 hours. To inactivate the enzyme, tubes were incubated at 65oC 

for 10 min. The integrity of the RCA product was confirmed by running on 0.8% agarose gel 

that was prepared and run in 1X TAE buffer at 80V for 60 minutes and visualized in Gel 

Documentation System (UVP trans-illuminator) using program Grabit. 

3.4.3.3. Nested PCR 

Primer were optimized and the PCR was performed. In order to make standards the 

primers that were designed for real time PCR, were used to amplify the product i.e., CP for 

helper, Rep for alphasatellite and C1 primer set for betasatellite. The reaction mixture contains 

2 µl of RCA product template with a concentration of 10ng/ µl. 2.5µl of 10X PCR buffer 

(Fermentas cat# B34), 2.5µl of 2mM dNTPs, 1.5µl of MgCl2 (Fermentas cat# R0971) 

1 µl of each forward primer (CP-F, C1-F and Rep F) and reverse primer (CP-R, C1-R and 

Rep R) having the concentration of 10pmol/µl and 0.5µl of 5u Taq polymerase enzyme 

(Fermentas cat# EP0071) were used. The final volume of the reaction was adjusted to 

25 µl by adding 14µl water. The PCR reaction was performed as initial denaturation at 

95oC for 5 minutes, in each cycle denaturation at 95oC for 30 Sec, annealing at 59oC 

for 30 Sec, extension at 72oC for 30 Sec with the total of 35 cycles and final extension 

at 72oC for 10 minutes. The PCR products were resolved in agarose gel having the 

concentration of 1.5% in 1X TAE buffer (appendix I).   
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3.4.3.4. Purification of PCR product by Gel elution 

 For gel elution, the Illustra GFX PCR DNA and gel band purification kit (GE healthcare 

cat# 28-9034-70) was used. The desired bands were cut from the gel and put into 1.5ml tubes. 

In each tube, 500 µl capture buffer type 3 was added. To dissolve the gel  into  capture buffer, 

the tubes were placed at 60oC  for incubation for 10 min. When incubation was done, the 

samples were transferred to the column and centrifuged at 14K for 1 min. The flow-through 

was discarded and 500 µl of the wash buffer type 1 was added to each column. It was again 

centrifuged and the flow through was discarded again. For purity 1 more washing was given 

to the samples and samples were dried by spinning for 3 min at 14000 RPM. After drying, 

columns were placed in the new collection tube and 20 µl of the elution buffer was added to 

the sample, incubated at room temperature for 1 min and centrifuged at 14K for 2 min and 

flow-through was collected.    

3.4.3.5. Ligation and cloning of the eluted DNA product 

 The ligation of the eluted DNA product in TA vector was done by using pTZR/T 

(#K1214). Before ligation of the samples, the concentration of the samples was quantified with 

the help of nanodrop. The ligation was done in 1:1 ratio. In ligation 5 µl of 2x Rapid ligation 

buffer for T4DNA ligase, 1 µl of  Vector  2µl of the eluted product, 1 µl of the T4 DNA 

ligase and  1 µl of water used (to make the total volume 10 µl). The reaction mixture was 

incubated at 4oC overnight. 

3.4.3.6. Transformation and plating 

 For transformation, the 1.5ml tubes containing 50 µl of competent cells of DH5α were 

placed on ice to thaw and plates of LB+Ampicilin+Xgal (appendix II) were placed in 37oC 

incubator. The 10 µl of the ligation product was added to the competent cells and slowly mixed 

by pipetting. Tubes were first incubated on ice for 30 min and in water at 42oC for 60 Sec for 

heat shock and finally on the ice again for 5 min. after incubation 300 µl of LB media (appendix 

II) was added to each tube and tubes were incubated on 37oC for 1 hour in agitation. Once 
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incubation was done, 200 µl of each sample was spread on the LB plate containing ampicillin 

and Xgal and placed at 37oC overnight.  

3.4.3.7. Screening of positive colonies 

 The next day, blue and white colonies were appeared on each plate. The white colonies 

were putative positive and from each plate, 4 white colonies were picked by sterilized tooth 

pick and used to inoculate 5ml of LB broth containing 100mg/ml ampicillin. The cultures were 

incubated at 37oC on agitation to increase the copies of the bacterial clone. 

3.4.3.8. Plasmid isolation  

 The cells were retrieved from the overnight incubated media by centrifugation at 

5000rpm for 10 min. The supernatant and toothpicks were discarded and the pellet was saved. 

For plasmid isolation Fermentas GeneJet Plasmid Miniprep kit (Cat# K0502) was used. 

 According to the protocol provided by the kit manufacturer, the pellets were re-

suspended in 250 µl of re-suspension solution and transferred to 1.5ml tube. After transferring 

into 1.5ml tube, 250 µl of the lysis solution was added to each vial and mixed until the solution 

becomes clear. Finally, the neutralization solution was added to each sample and immediately 

mixed by inverting 4-6 times. The tubed were then centrifuged at 14000 RPM for 5 min which 

yielded a pellet of debris at the bottom of the tube. Supernatant was  taken and transferred  to 

the spin column and centrifuged for 1 min. Flow through was discarded and the membrane was 

washed with 500 µl wash buffer twice by spinning at 12000 RPM for 1 min. Spin columns 

were then dried and transferred to the new collection tube. Five microliter of the elution buffer 

was added to each column and incubated for 2 min at room temperature. After incubation is 

done, the tubes were centrifuged to collect the plasmids.  

 For the confirmation of the transformed product in plasmids, sequence specific primer 

(CP, C1 and Rep) was used to amplify the desired product by using the same condition as used 

in section 3.4.3.3.  
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 3.4.3.9. Quantification and Serial Dilution 

The plasmid isolated by miniprep was quantified with the help of  nanodrop 

(thermo scientific, 2000c). Serial dilutions were made at 1:10, 1:100, 1:000, 1:10000  

and 1:100000. The values of ng/ µl were converted into copies/ml by using the 

following calculations. 

Standards were produced by using serial dilutions of lineralized plasmid DNA for 

standard curve used to calculate viral titer in qPCR. The number of grams / molecules were 

calculated by using known size of pTZRT vector and ligated sequence i.e., 2900+200= 3100 

n.t. as follows: 

Weight in Daltons (g/Mol) =  (330 DA X 2 nucleotide/bp) (bp size of plasmid+insert) 

g/mol=(330 Da X2 nucleotide/bp) (3100 bp) = 1023000 g/mol 

Hence: (g/Mol) /Avogadro’s number 6.02214199 × 1023) = g/molecule = copy number 

1023000g/Mol/Avogadro’s number 6.02214199 x 1023) = 1.69873 x 10-18 g/molecule. 

The molecules/μl can be calculated as  

Concentration of plasmid (g/μl) /copy number 

(2 x 10-7g/μl) / (1.69873 x 10-18grams/molecules) = 1.17 x 1010 molecules/μl 

After calculating the molecules/μl, serial dilutions were made to generate a standard curve.  

3.4.4. Real Time PCR 

 The real time PCR was performed to quantify the CLCuV components in all 

experimental plants i.e., G. arboreum, G. hirsutum, GaWM3 and G. harknessii. The genomic 

DNA was isolated by the CTAB method as described in section 3.4.3.1. For the absolute 

quantification of the viral components standards were made for curve as described in section 

3.4.3.4. And the probes and primer were designed as mentioned in 3.4.2. The reaction varied 

out in ABI 7700 real time PCR machine. With 3 µl of template genomic DNA from 
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experimental plants having a concentration of 50ng/µl, 2 µl of 10x Taq polymerase buffer 

(Fermentas cat# B34) 1 µl of 10pmol/ µl from forward and reverse primer, 0.4 µl of 1pmol/ 

µl probe, 2 µl of 25mM MgCl2 (Fermentas cat# R0971), 2 µl of the 2.5 mm dNTPs  and 0.5 

µl of 5unit Taq polymerase enzymes (Fermentas cat# EP0071) were used in each reaction. 

The volume was adjusted to 20 µl by adding 8.1 µl of water. The PCR reaction was 

performed as initial denaturation at 95oC for 5 minutes, in each cycle denaturation at 

95oC for 30seceonds, annealing at 54oC for 30seceonds, extension at 72oC for 

30seceonds with the total of 35 cycles and final extension at 72oC for 5 minutes. After 

a successful run, the values for the molecules/ µl viral components were noted from the 

ABI software version (2.0.6). 

3.5. QUANTIFICATION OF WAX PER UNIT AREA 

For quantification of epicuticular wax present on per unit leaf area, two things were 

determined. 

i) Total wax load on the selected leaves  

ii) Measuring of leaf surface area 

3.5.1.Total wax load on leaves 

The isolation of plant epicutucular wax was done by “Decoction” method for 

determination of total wax on the leaves. The method of removing a substance from herbal part 

of dissolving or  boiling it in a chemical is called decoction (Courtine, 1988). Leaves of 

experimental plants were removed from plants and dirt was cleaned. The leaves were then 

dipped in hexane for 1 minute in pre-weighed glass container. The hexane was evaporated by 

heat and the container was weighed again. The total amount of the wax on all leaves was 

quantified by subtracting the initial weight from the final weight. 

The total amount of wax = Final weight of the container – weight of the empty container 
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3.5.2. Measuring of leaf surface area 

The leaf surface areaa was calculated withthe helpp of  graphic software Adobe 

Photoshop  CS5 indirectly by concerting pixels into physical units i.e. cm2 using the unitary 

method of mathematics (Brown et al., 2011). Leaves of the each plant (G. arboreum, G. 

hirsutum, G. harknessii and GaWM3) were placed on the white sheet with a reference or 

known surface area in the middle (fig. 3.2). The photograph was taken and leaves in the 

photograph were selected by selection tool. The pixels in the selected area were noted by 

clicking the on the option of “histogram” (fig. 3.3a). For measuring the pixels in the known 

surface area 100 cm2, the leaves were deselected and known surface area was selected and 

pixels were noted (fig. 3.3b). The surface area of the leaves was calculated by using a unitary 

method.  
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d c 

a b 

Fig. 3.2: Leaves of the each plant (a) GaWM3 (b) G. hirsutum (c) G.arboreum, , (d) G. 

harknessii and were placed on the white sheet with a reference or known surface area in 

middle. 
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a 

b 

Fig. 3.3: Measuring of the pixels with the help of Adobe Photoshop. (a) Selection of 

the leaves to determine the total leaves pixels. (b) Selection and determination of the pixels 

in known surface area  
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3.5.3. Total wax load on leaves per unit area  

The total isolated wax from each plant was converted into µg and divided by the total 

leaf surface area (in cm2) to calculate the wax per unit area µg/ cm2. 

 

3.6. DETERMINATION OF BIOCHEMICAL COMPOSITION OF 

EPICUTICULAR WAX 

3.6.1. Thin layer chromatography 

Thin layer chromatography was performed on the isolated wax samples (section 3.5.1.). 

For thin layer chromatography the commercial available silica plate of Merck (cat# 

1057150001) was used.  The wax, isolated from  GaWM3, G. arboreum, G. harknessii and G. 

hirsutum along with beeswax as controls, were dissolved in hexane and applied to the to the 

plate by using capillary tube.   

 The plate was then placed in a glass chamber containing solvent mixtures 

(diethyl ether: hexane: ethyl acetate, 20:40:40). The plate is placed vertical such that its bottom 

was slightly dipped in the solvent. Lip lid was closed and solvent moved up through capillary 

action and took the samples with it. When the solvent reached to the other end, plate was 

removed and the solvent boundary was marked. In order to visualize the compound on the 

plates, the plates were sprayed with permanganate and dried. Plates were then placed under 

UV light to detect the spots of the wax compounds and to calculate the retardation factor or 

the Rf value by the following formula: 

 

 

Weight of wax (µg) 

Total leaf surface are (cm2) 
Wax per unit area = 

Distance travelled by spot 
Distance travelled by the solvent front 

Rf = 
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3.6.2. Gas chromatograph mass spectrometry 

 Impurities of wax samples were removed by dissolving it in hexane and passing it 

through filter. Tetracosane (10µg)) was used as an internal standard and added to the testing 

samples before subjecting it to analysis. 2 µl of each wax sample was injected into column at 

50 oC and was held for 2 minutes. The temperature was then increased to 200°C at increasing 

rate of 40°C/min. the temperature was held for 2 min then increased to 310°C with increasing 

rate of 3°C/min. The temperature was held for 30 min at this stage. In this process, the flow of 

gas maintained at 2 ml/min  while keeping the helium gas was used as carrier. capillary GC 

(Agilent; 30 m HP-1, 0.32-mm i.d., Df =  1µm) was used to study the quantitative composition 

of the mixture and the detection of flame ionization was done under same GC condition but 

Helium (carrier  gas) inlet pressure was programmed for a 50 kPa at injection and raised to 

150kPa for 40 min with increasing rate of 3kPa/min. samples were compared with internal 

standard by manually integrating peak areas” (Aharoni et al., 2004).  On the basis of retention 

time, compounds were searched through NIST library, 2005 (Wang and Luthe, 2003). 

3.7. STUDY OF PROTEIN PROFILE  

3.7.1. Isolation of protein 

 For the isolation of the protein, leaves were taken from each experimental plant and 

were grounded in pre chilled mortar and pestle with the help of liquid nitrogen. The  500mg of 

the ground powder was taken in 1.5ml tube and 400 µl of protein extraction (appendix III) 

buffer was added to each vial. The samples were vortexed for thoroughly mixing of the samples 

in the protein extraction buffer. Samples were incubated at 4oC for 1 hour and centrifuged for 

15 min at 14000rpm. The supernatant was transferred to another tube. The quantification of 

the isolated protein was done by the Bradford assay method (Bradford, 1976).  
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3.7.2. SDS PAGE 

 The isolated crude protein was resolved  in polyacrylamide gel and the  SDS PAGE 

analysis  that was performed on BioRad mini gel apparatus . For SDS PAGE analysis,  10% 

resolving gel (containing 20% (w/v) SDS, 7.5ml of 1.5 M Tris-HCl having pH 8.8, (APS), 

20µl TEMED, 10% (w/v) ammonium persulfate (APS), Acrylamide/Bis-acrylamide 

(30%/0.8% w/v) and 12.3 ml water) was poured between the glass plates with pipette such that 

one fourth of the space was left free for the stacking gel. After pouring the resolving gel, water 

was added to the top of the gel to make the even layer of the stacking gel. The combgel was 

placed at the gelC for 30 min. After the gel was polymerized, the water was discarded from 

the top and resolving gel (1.25 ml 0.5 M Tris-HCl, pH 6.8, 20% (w/v) SDS, Acrylamide/Bis-

acrylamide (30%/0.8% w/v), 10% (w/v) ammonium persulfate (APS) 5 µl OF TEMED and 

3.74ml of water) was poured on the top of the resolving gel. The comb was inserted and the 

gel was allowed to polymerize for 60 min. After polymerization, the gel was placed in the gel 

running buffer (appendix III). The protein samples were prepared by boiling them in sample 

buffer (appendix III) in 1:4 ratios. The samples and the marker were loaded on the gel and gel 

was resolved until the dye reached to the end of the gel initially at 20mA to pass the stacking 

gel and then at 50mA for in resolving gel. 

The gel was removed from the apparatus and placed in Coomassie stain for 30min. 

After 30 min gel was placed In Coomassie destain agitating overnight and then visualized.  

3.8. WHITEFLY FEEDING ASSAY  

The assay was performed to determine the feeding activity of whiteflies on 2-3 old 

seedling of G. harknesii, G. hirsutum, G. arboreum and its mutant GaWM3 in Hoagland’s 

solution (appendix IV). Whiteflies were allowed to feed on experimental plants place in 

Hoagland’s solution for 3 days. 1% Nile blue dye was added in Hoagland’s solution to track 

the cell sap in whiteflies. After the incubation, whiteflies were observed under microscope 

(Zeiss, Imager A1). 
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Chapter # 4 

 

 

RESULTS 

  

4.1. CHARACTERIZATION OF THE EXPERIMENTAL PLANTS 

The visible features, e.g., vegetative and floral characteristics, of different species of 

Gossypium were taken into account to differentiate among them i.e., Gossypium arboreum, 

GaWM3, G. hisutum and G. harknessii from each other in field included in this experiment 

for determination of their wax as well as other physiological barrier against whitefly.   

4.1.1. Vegetative characteristics of the experimental plants 

 The three species of Gossypium i.e., G. arboreum, G hirsutum and G. harknessii 

along with GaWM3 were distinguished on the bases of most important characteristic i.e., 

Leaf morphology, which is palmately 5 lobbed in G. arboeum and GaWM3 whereas it is 

palmately 3 lobbed in G. hirsutum and cordate in G. harknessii. The leaves in G. arboreum 

and GaWM3 are almost similar but the margin of the leaves is entire in G. arboreum whereas 

it is undulate in GaWM3. Comparison of the other vegetative characteristics is showed in 

Table 4.1. From the shapes of the leaves and other vegetative characteristics, it is very clear 

that the G. arboreum and GaWM3 as are very close to each other as GaWM3 is the wax 

deficient mutant of G. arboreum but not of G. hirsutum and their leaves are very much 

different from G. hirsutum and G. harknessii (Fig. 4.1). 
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Table: 4.1 Comparison of vegetative characteristics of experimental plants  

Sr. 

No. 

Vegetative 

Character 

G.arboreum GaWM3 G.hirsutum G.harknessii 

1 Plant type Shrub Shrub Shrub Shrub 

2 Branches Purple Purple Dark brown 

spotted with 

black dots 

Dark brown 

3 Leaves arrangement Spiral Spiral Spiral Alternate 

4 Leaves shape Palmately 5-

7 lobbed, 

lobes Ovate 

to narrowly 

lanceolate 

Palmately 5-

7 lobbed, 

lobes Ovate 

to narrowly 

lanceolate 

Palmately 3 

lobbed, lower 

leaves may be 

5 lobbed, 

rarely 

palmatifid 

Classic 

cordate 

somewhat 

lobbed 

5 Leaves margin Entire Undulate Entire Crenate or 

dentate 

6 Apex Acute or 

acuminate 

Acute or 

acuminate 

Acute to 

acuminate 

Acute to 

acuminate 

7 Venation 5–9-veined 5–9-veined 5-7 veined 5-7 veined 

8 Stipule Linear to 

lanceolate 

Linear to 

lanceolate 

or obtuse 

Ovate to 

lanceolate 

lanceolate 

9 Petiole Present Present Present Present 
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4.1.2. Floral characteristics of the experimental plants 

 The reproductive characters, the characters of pedicels, epicalyx, calyx, corolla and 

staminal tube were observed in all the experimental plants. Two important distinguishing 

characters, i.e., colors of petals and color of stamens in G.arboreum, GaWM3 and G. 

hirsutum were taken into account. The petals in G. arboreum was creamy white to off white 

with a purplish center, whereas the leaves of G. hirsutum were yellowish in color and without 

purplish center. The color of the staminal tube was bit golden in G. arboreum and GaWM3 

but it was yellowish to creamy in G. hirsutum. The comparison of the reproductive 

characteristics is shown in table 4.2 and also in Fig 4.2. The results reflect the close 

relationship of GaWM3 to G. arboreum. 

Table: 4.2 Comparison of reproductive characteristics of experimental plants  

Sr. 

No. 

Floral 
Characteristics 

G. arboreum GaWM3 G. hirsutum G. harknessii 

1 Pedicels 0.5- 6cm in 

length, not 

articulated 

0.5- 4cm in 

length, not 

articulated 

1-4cm long, 

not articulated 

1-4cm long, 

not articulated 

2 Epicalyx Bracteoles, 3 

segments, 1-

3.5 cm in 

length 

Bracteoles, 3 

segments, 1-3 

cm in length 

Bracteols, 3 

lobbed 

Bracteols, 3 

lobbed 1- 

2.5cm long 

3 Calyx Truncated 

sepals, 

cupular, 5-12 

cm long , 

truncate to 

inconspicuous

ly 5-dentate 

Truncated 

sepals , cupular 

4-9 cm in 

length, truncate 

to 

inconspicuously 

5-dentate 

Cup shaped 

with 5 lobes 

and lobes are 

triangular in 

shape  

Truncated 

calyx 5  

4 Corolla 5 - Creamy to 5 - creamy to 5- yellowish, 5- Sulphur 
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yellow, turn 

into red to 

purple, with a 

purplish 

center  

yellow, turn 

into red to 

purple, with a 

purplish center 

faded to red 

or purple, 

without a 

purplish 

center 

yellowish, 

with a purple 

dots 

5 Androecium  Stamen 

numerous, in 

a column, 1.5-

2 cm long, 

golden in 

color 

Stamen 

numerous, in a 

column, 1-2 cm 

long, golden in 

color 

Stamen 

numerous, in 

a column, 1-2 

cm long, 

yellowish in 

color 

Column is 

short 

numerous 

stamen, 

yellowish in 

color 

6 Gynoecium  3-5 pistils, 

style short rod 

shaped, 

stigma calvate 

5 grooved , 

Ovary 

superior  

3-5 pistils, style 

short rod 

shaped, stigma 

calvate 5 

grooved , Ovary 

superior 

3-5 pistils, 

style short rod 

shaped, 

stigma calvate 

5 grooved , 

Ovary 

superior 

3 pistils, style 

long, stigma 

joint to top. 

calvate 5 

grooved , 

Ovary 

superior 
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Fig. 4.1: Leaves of Gossypium sp.  (a) G.arboreum (b) GaWM3 (c) G. hirsutum (d) G. 

harknessii.  leaves of the G.arboreum and GaWM3 are bit similar to each other and can 

be clearly differentiated from G. hirsutum and G. harknessii. 

a b c d 

a b 

c 

Fig. 4.2: Flowers of Gossypium sp.  (a) G.arboreum (b) GaWM3 (c) G. hirsutum (d) G. 

harknessii.  Flowers of the G.arboreum and GaWM3 are very similar to each other and 

can be clearly differentiated with G. hirsutum  

d 
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4.1.3. Cross Section of the experimental leaves  

 The cross section of the experimental plants were studied with context to the report of 

Jiang et al., (2001)  that the number of mesophyll layers of the plant cell may cause difficulty 

in feeding of whiteflies and might have role in transmission of viruses. To substantiate the 

hypothesis, the cross section of the leaves of the experimental plants were studied which 

showed that G. arboreum, GaWM3 and G. hirsutum contain single layer of mesophyll cells, 

whereas G. harknessii contain double layer of mesophyll cells. Even the thickness of the 

mesophyll layer, vary in each experimental plant (fig. 4.3). The thickness of mesophyll layer 

of G. arboreum, GaWM3 and G. hirsutum was found to be ~200-237µm whereas as the 

thickness of the mesophyll layers in G. harknessii was ~350 µm as it has 2 layers of 

mesophyll cells. 

 G. arboreum has single layer of mesophyll cell and it is resistant to CLCuV whereas G. 

hirsutum and GaWM3 also have single layer of mesophyll cell and they are susceptible to 

virus. While G. harknessii have double layers of mesophyll cells and was found to be 

susceptible to CLCuV which clear that it’s not mesophyll but some other barrier which can 

have their protective role. 
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a b 

c d 

Fig. 4.3: Cross section of the leaves. (a) G.arboreum (b) GaWM3 (c) G. hirsutum (d) G. 

harknessii. All experimental plants except G.harknessii contain single layer of mesophyll cells. 

The reference scale in each picture depicts the varied thickness of mesophyll layer in the plants 

which is maximum in G.harknessii. 
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4.1.4. Differentiation of Crude Protein of four experimental groups 

through SDS PAGE 

The crude proteins was subjected to SDS PAGE. Differentiation in banding pattern of protein 

was observed in four experimental group cotton plants besides having similar bands. 

Interestingly it was also found that more similarity of protein was observed between G. 

arboreum and wax mutant as compared to other two groups i.e., G. hirsutum and G. 

harknessii. 

 

 

  

Fig. 4.4. Crude protein analysis of experimental cotton plants. 

Lane 1: Protein marker 

Lane 2: G. arboreum 

Lane 3: GaWM3 

Lane 4: G. hirsutum 

Lane 5: G. harknessii 

KDa KDa 
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4.2. DETECTION OF CLCuV 

4.2.1. Symptoms  

The experimental plants were exposed to whiteflies in the field and also in the 

greenhouse. As reported (Khan et. al., 2011), G. arboreum was symptoms, but the symptoms 

of CLCuD i.e., downward curling of leaves and thickened veins were appeared on GaWM3 

and G. hirsutum. As the anatomy of the leaves of G. hirsutum and GaWM3 are different, so 

were the symptoms. The symptoms were very clear in G. hirsutum with upward curling of 

leaves and thick veins with the stunted growth. The symptoms in G. harknessii were visible 

as thickened veins and a bit downward curling, but very mild symptoms appeared in GaWM3 

in the form of a slight upward curling of the leaves and thickened veins whereas G. arboreum 

was found to be devoid of any symptom i.e., asymptomatic (fig. 4.5 A & B).  No significant 

change was observed after incubation of G. arboreum with viruliferous whiteflies but 

significant symptoms appeared in its wax deficient mutant. These findings provided solid 

bases for investigation of the wax role as a mechanical barrier in transmission of CLCuV in 

this study. 
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d 

Figure 4.5 (A): Symptoms on experimental plants after incubation of whiteflies (a) G. 
arboreum remains healthy after incubation (b) G. hirustum  showing severe upward curling of 
leaves (c) GaWM3 showing mild upward curling and veins thickening as compared to 
G.hirsutum (d) G. harknessii showing mild symptoms thickened veins and downward curling. 

c 

a b 

d 
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a b 

c d 

f e 

Figure 4.5 (B): Symptoms on experimental plants with and without incubation of 
whiteflies (a) G. hirsutum without incubation of whiteflies (b) G. hirsutum with incubation 
of whiteflies (c) GaWM3 without incubation of whiteflies (d) GaWM3 with incubation of 
whiteflies (e) G. harknessii without incubation of whiteflies (f) G. harknessii with 
incubation of whiteflies (g) G. arboreum without incubation of whiteflies (h) G. arboreum 
with incubation of whiteflies. Symptoms developed in G. hirsutum, G. harknessii and 
GaWM3 after incubation with whiteflies whereas G. arboreum remain healthy. 

g h 
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4.2.2. Standards for absolute quantification through Real Time PCR 

The DNA of the experimentalplants, i.e.., G. arboreum, G. hirsutum, GaWM3 and G. 

harknessii was isolated (fig. 4.6) and the whole circular DNA from the plant samples were 

amplified through RCA (fig. 4.7). RCA product was re-amplified by using CLCuV genome 

specific primers against a CP region of DNA-A, C1 region of Betasatellite and Rep regions 

of Alphasatellite designed through “Genscript” website software 

(https://www.genscript.com/ssl-bin/app/primer). The amplified product was used for ligation 

in the TA cloning vector. Isolated plasmid (fig. 4.8) was used to confirm the successful 

cloning through amplification by using gene specific primers (fig. 4.9).  

  
M   1     2    3    4    5    6    7    8    9   10   11  12 

Fig. 4.6: Extracted DNA from experimental plants. Here, M depicts 1 Kb Marker, 

DNA of G. arboreum  is in lane 1-3, GaWM3 in lane 4-6, G. hirsutum in lane 7-9, G. 

harknessii in lane 10-12. 

DNA 
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M   1     2    3    4    5    6    7    8    9   10  11  12  13 

Fig. 4.7: RCA from the extracted DNA of the experimental plants. Here, M depicts 

1 Kb Marker, RCA product of G. arboreum  is in lane 1-3, GaWM3 in lane 4-6, G. 

hirsutum in lane 7-9, G. harknessii in lane 10-12 and negative control is in lane 13. 

RCA product 

M    1    2     3    4     5     6    7    8     9   10  11  12  13 

Fig. 4.8: Plasmid isolation from the selected white colonies. Here, M depicts 1 Kb 

Marker, Lane 1-4 plasmid containing Alphasatellite Rep ligated sequences, Lane 5-8 

plasmid having Betasatellite C1 ligated region, lane 9-12 contain plasmid having AV1 

ligated region of DNA-A and negative control is in lane 13. 

M    1    2     3    4     5     6    7    8     9   10  11  12  13 

Fig. 4.9: PCR amplification from sequence specific primer. Here, M depicts 1 Kb 

Marker, Lane 1-4 amplified product from Alphasatellite Rep primers, Lane 5-8 

amplified product from betasatellite C1 primers, lane 9-12 contain amplified product 

from having AV1 primers od DNA-A and negative control is in lane 13. 

PCR product 
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After calculating the molecules/μl, serial dilutions were made to generate a standard curve.  

So  

Standard 1 = 1.17 x 1010  molecules/μl  

Standard 2 = 1.17 x 109 molecules/μl 

Standard 3 = 1.17 x 108 molecules/μl 

Standard 4 = 1.17 x 107 molecules/μl 

Standard 5 = 1.17 x 106 molecules/μl 

Standard 6 = 1.17 x 105 molecules/μl 

4.2.3. Absolute quantitation of CLCuV titer through Real Time PCR 

The CLCuV components (alphasatellite, betasatellite and DNA-A) were quantified by 

real time PCR. The molecules/μl of alphasatellite were found to be 5.9 x 108, 4.8x107 and 

4.6x 107 respectively in G. hirsutum, GaWM3 and G. harknessii respectively, whereas no 

molecules/μl was detected in G. arboreum (fig. 4.10A & 4.10B). Similarly, molecules/μl of 

betasatellites were found to be 7.2 x 108, 3.6x107 and 3.8x 107 respectively in G. hirsutum, 

GaWM3 and G. harknessii respectively, but no betasatellite particle was detected in G. 

arboreum (fig. 4.11A & 4.11B). Interestingly, the molecules/μl of DNA-A in  G. hirsutum, 

GaWM3 and G. harknessii were 8.7x108, 6.6x107 and 6.3x 107 respectively, while DNA-A 

remained undetectable in G. arboreum (fig. 4.12A & 4.12B). 

The ratio of alphasatellite, betasatellite and DNA-A in experimental plants (G. 

hirsutum: GaWM3: G. harknessii: G. arboreum) is shown in table 4.3.  

Table 4.3: comparison of viral components ratio in experimental plant 

G. hirsutum : GaWM3 : G. harknessii : G. arboreum   
Alphasatellite Betasatellite DNA-A 
270: 24:23:0  360:18:19:0 290:22:21:0 
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The quantity of the viral particles was found to be very high in G. hirsutum as 

compared to GaWM3 and G. harknessii whereas as no viral component was detected in G. 

arboreum. The ratios of CLCuV components are almost close to each other in G. harknessii 

and GaWM3. Alpha satellite and DNA-A were relatively high in GaWM3 whereas 

betasatellite was slightly higher in G. harknessii that resulted in more prominent symptoms 

in G. harknessii. The ratios of viral components also followed the symptoms of CLCuV in 

field experimental plants i.e., G. hirsutum > G. harknessii > GaWM3 whereas as no CLCuV 

symptom was found in G. arboreum.  



63 
 

M    1     2    3     4      5      6    7     8     9    10  11  12   

M  13  14   15   16   17 

192bp 

192bp 

Fig. 4.10. Real time PCR to quantify alphasatellites in experimental 

plants. (A) molecules/μl of alphasatellite viral component. The 

alphasatellite quantity is maximum in G.hirsutum while it was not 

detectable in G.arboreum. (B) The real time PCR product run on gel. Here 

M depicts 1Kb ladder marker, Lane 1-3 represent G.hirsutum, lane 4-6 

show GaWM3, lane 7-9 G.arboreum and lane 10-12 represent sample of G. 

harknessii whereas lane 13-17 represent standard 1-5 respectively.  
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M    1     2    3     4      5      6    7     8     9    10  11  12  

M  13  14   15   16   17 

186bp 

186bp 

b 

Fig. 4.11: Real time PCR to quantify betasatellites in experimental 

plants. (A) molecules/μl of betasatellite viral component. The  betasatellite 

quantity is maximum in G.hirsutum while it was not detectable in 

G.arboreum. (B) The real time PCR product run on gel. Here M depicts 1Kb 

ladder marker, Lane 1-3 represent G.hirsutum, lane 4-6 show GaWM3, lane 

7-9 G.arboreum and lane 10-12 represent sample of G. harknessii whereas 

lane 13-17 represent standards 1-5 respectively.  
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Fig. 4.12: Real time PCR to quantify DNA-A in experimental plants. 

(A) molecules/μl of DNA-A viral component. The virus quantity is 

maximum in G.hirsutum while it was not detectable in G.arboreum. (B) 

The real time PCR product run on gel. Here M depicts 1Kb ladder marker, 

Lane 1-3 represent G.hirsutum, lane 4-6 show G. arboreum, lane 7-9 

GaWM3 and lane 10-12 represent sample of G. harknessii whereas lane 

13-17 represent standards 1-5 respectively.  

M   1     2     3    4     5      6    7     8     9    10   11   12   

13  14   15   16   17   M 

182bp 
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4.3. QUANTIFICATION OF LEAF WAX 

The epicuticular wax was quantified by determining the total wax load per unit leaf 

area. 

4.3.1. Total wax load on leaves 

The wax was isolated by decoction method. The total quantity of the isolated wax in 

G. arboreum was found to be 0.064g while 0.018g in GaWM3 leaves, 0.055g in G. hirsutum 

leaves and 0.032 g in G. harknessii (fig 4.13).  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.13: Mean wax load on the selected leaves of the experimental 

plants G. hirsutum, GaWM3, G. harknessii and G. arboreum. 
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4.3.2. Leaf surface area 

The leaf surface area was calculated with the help of  graphic software Adobe 

Photoshop  CS5 indirectly by concerting pixels into physical units i.e. cm2 using the unitary 

method of mathematics (Brown et al., 2011). The surface area of the G. arboreum, GaWM3, 

G. hirsutum and G. harknessii was found to be 350cm2, 196 cm2, 421 cm2 and 218 cm2 

respectively (fig. 4.14). 

 
 

 

 

  

 

 

 

 

 

 

 

4.3.3. Epicuticular wax per unit area 

 The epicuticular wax per unit area was calculated by taking a total wax load on 

selected leaves of each plant, divided by their respective surface area hence wax per unit area  

(µg/cm2) was obtained. According to the analysis, the G. arboreum was found to have 

maximum wax per unit area that is 183 µg/cm2 as compared to its mutant (GaWm3) have 95 

µg/cm2 whereas 130 µg/cm2 and 146 µg/cm2 of wax  was calculated in G. hirsutum and G. 

harknessii respectively (fig. 4.15). The experimental plants were categorized in following 

Fig. 4.14: Mean surface area of the selected leaves of the 

experimental plants G. hirsutum, GaWM3, G. harknessii and G. 

arboreum. 
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pattern on the basis of their wax per unit area:  G. arboreum > G. harknessii > G. hirsutum > 

GaWM3.  

 

 

 

 

 

 

 

 

 

4.4. BIOCHEMICAL COMPOSITION OF EPICUTICULAR WAX 

 Experimental plants of four groups were analyzed for their qualitative characteristics 

through thin layer chromatography and mass spectrometry. 

4.4.1. Wax characterization through Thin Layer Chromatography 

Thin layer chromatography was performed on isolated wax samples of experimental 

plants, Rf values of each wax sample was calculated (table 4.4). Difference in wax 

compounds was obtained in all four experimental groups of plants as depicted by Fig. 4.16. 

Fig. 4.15: Mean wax load per unit area (µg/cm2) on the selected leaves 

of the experimental plants G. hirsutum, GaWM3, G. harknessii and G. 

arboreum. 
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Table 4.4: Rf values of the wax compounds in each sample 

  

1.G. arboreum 2.GaWM3 3.Bee’s Wax 4.G. hirsutum 5.G. harknessii 
Band Rf 

value 
Band Rf 

value 
Band Rf 

value 
Band Rf 

value 
Band Rf 

value 
1A 0.19 2A 0.30 3A 0.83 4A 0.20 5A 0.33 
1B 0.30 2B 0.40   4B 0.33 5B 0.41 
1C 0.39 2C 0.55   4C 0.38 5C 0.70 
1D 0.42 2D 0.83   4D 0.47 5D 0.84 
1E 0.58     4E 0.65   
1F 0.83     4F 0.85   

 

        1                             2                             3                            4                                     5 

Fig. 4.16: Thin Layer Chromatography of extracted wax contents. Lane 1 

represents G. arboreum. Lane 2 shows GaWM3. Lane 3 is the bees wax used here as 

control. Lane 4 represents G. hirsutum whereas lane 5 depicts G. harknessii. 
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4.4.2. Wax composition determination through GC-MS 

 Biochemical composition and their quantitative values in all experimental plants (G. 

arboreum, GaWM3, G. hirsutum, and G. harknessii) was done by using Gas chromatograph 

mass spectrometry. The chemical compounds were identified by comparing their retention 

time in the NIST mass spectra library, 2005 (Wang and Luthe, 2003). The wax composition 

of each of the group was determined as follows: 

4.4.2.1 Biochemical composition of G. arboreum  

 The GC-MS analysis of the isolated wax of G. arboreum revealed 12 prominent 

chemical compounds (fig. 4.17). These chemical compounds were identified by probability 

matching of retention time with the compound library (table 4.5) and their percentage present 

in the total wax was also determined (fig. 4.18). The 2D structures and 3D structures after 

minimization of the chemical energies of the chemical compounds present in the wax of G. 

arboreum are shown in fig. 4.19 and 4.20. The top 3 compounds that are dominant in G. 

arboreum are (1) 1,2-Benzenedicarboxylic acid, diisooctyl ester (2) Phenol, 2,5-bis [1,1- 

dimethyl] and (3) Heptadecanoic acid, 16-methyl-, methyl ester having a percentage of 

10.12%, 14.1 % and 25.6% respectively. 

 

  

Fig. 4.17: GC-MS TIC (total ion current trace) analysis for the compounds present 

in isolated wax of G. arboreum. 
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Table.4.5: List of the Chemical compounds identified in wax of G. arboreum  

Sr. No. RT (Min) Probable match 

1 3.653 2-cyclopentene-1-ol, 1-phenyl- 

2 4.248 Nonadecane 

3 4.317 3-trifluoroacetoxytetradecane 

4 4.597 Phenol, 2,5-bis [1,1- dimethyl] 

5 5.147 Methoxyacetic acid, 2- tridecylester 

6 5.988 2-piperidinone, n-|4-bromo-n-butyl| 

7 6.102 Nonadecane 

8 6.188 4-heptafluorobutyroxypentadecane 

9 7.212 Tetradecane, 2,6,10-trimethyl- 

10 8.654 Silane, trichlorodocosyl- 

11 8.809 6-Octadecenoic acid, methyl ester 

12 13.701 Heptadecanoic acid, 16-methyl-, methyl ester 

13 21.809 1,2-Benzenedicarboxylic acid, diisooctyl ester 
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Fig. 4.18: Percentage of each chemical compounds present in isolated wax of G. arboreum. 
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2-cyclopentene-1-ol-phenyl- 2-piperidinone,n-4-bromo-n-butyl 

1,2 benzenedicarboxylic acid 

diisooctyl ester 

3-trifluroacetoxytetradecane 

4-heptafluorobutyroxypentadecane 

6-Octadeconoic acid, methyl ester 

Heptadecanoic acid,16-methyl, methyl ester 

Fig. 4.19 A: 2-D structures of compounds present wax of G. arboreum. 
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methoxy acetic acid,2-tridecylester Nonadecane 

Phenol,2,5,bis[1,1-dimethyl] Silane,trichlorodocosyl- 

tetradecane,2,6,10,trimethyl 

Fig. 4.19 B: 2-D structures of compounds present wax of G. arboreum. 
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2-cyclopentene-1-ol-phenyl- 2-piperidinone,n-4-bromo-n-butyl 

1,2 benzenedicarboxylic acid 

diisooctyl ester 

3-trifluroacetoxytetradecane 

4-heptafluorobutyroxypentadecane 6-Octadeconoic acid, methyl ester 

Heptadecanoic acid,16-methyl, methyl ester 
methoxy acetic acid,2-tridecylester 

Fig. 4.20 A: 3-D structures of compounds present wax of G. arboreum after 

minimization of energy. 
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Nonadecane 

Phenol,2,5,bis[1,1-dimethyl] 

Silane,trichlorodocosyl- 

Fig. 4.20 B: 3-D structures of compounds present wax of G. arboreum after 

minimization of energy. 

tetradecane,2,6,10,trimethyl 
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4.4.2.2. Biochemical composition of GaWM3  

 The isolated wax from GaWM3 plants were subjected to GC-MS analysis that 

determined the presence of 16 different organic compounds (fig. 4.21) which were 

differentiated by their retention time (table 4.6). The percentages of the compounds present 

in the wax of GaWM3 are shown in fig. 4.22 whereas 2D and 3D structures are shown in fig. 

4.23 & 4.24. The compounds which were dominant in the wax of GaWM3 are (1)  

Nonadecane ester (2) 7,9-Di-tet-butyl-1-oxaspiro[4,5] deca – 6, 9-diene-2,8-dione (3) 

Octadecane, 1-|2-[hexadecyloxy]ethoxy|-  and (4) 1,2,- Benenedicarboxylic acid, diisooctyl 

having percentage of 11%, 12%, 14%,  and 18%  respectively.  

 

 

 

 

 

 

 

 

 

 

 

 

  Fig. 4.21: GC-MS TIC (total ion current trace) analysis for the compounds 

present in isolated wax of GaWM3. 
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Table.4.6: List of the Chemical compounds identified in wax of GaWM3 

Sr. 
No. 

RT 
(Min) 

Probable match 

1 3.687 Caryophyllene 

2 4.037 α-Caryophyllene 

3 4.248 Hexadecane 

4 4.597 Phenol, 2,4-bis[1,1-dimethyl]- 

5 5.147 Nonadecane  

6 5.330 Eicosane, 2-methyl-  

7 6.102 Nonadecane 

8 6.365 Diethyl phthalate 

9 7.212 Nonadecane  

10 7.487 Tetradecane, 2,6,10 – trimethyl- 

11 8.660 Methoxyacetic acid, 2-tetradecyly ester 

12 11.263 7,9-Di-tet-butyl-1-oxaspiro[4,5] deca – 6, 9-diene-2,8-dione  

13 18.513 Ethanol, 2-[octadecyloxy] 

14 19.228 
A-D-Glucopyranoside, methyl-2-[acetylamino]-2-deoxy-3-O-
[trimethylsillyl]-,cyclic methyl bronate 

15 19.514 Octadecane, 1-|2-[hexadecyloxy]ethoxy|- 

16 20.390 Octadecane, 1-|2-[hexadecyloxy]ethoxy|- 

17 21.340 Octadecane, 1-|2-[hexadecyloxy]ethoxy|- 

18 21.803 1,2,- Benenedicarboxylic acid, diisooctyl ester 

19 22.416 15,17,19,21- Hexatriacontatetrayne 
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20 23.703 
|5-[3-methoxymethoxy-10,13-dimethyl-
2,3,4,9,10,11,13,14,15,16,17-dodecahydro-
1Hcyclopenta|a|[phenanthren-17-yl]-hex-1-ynul|-trime 

21 23.720 Octadecane,1-|2-[hexadecyloxy]ethoxy|- 
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Fig. 4.22: Percentage of each chemical compounds present in isolated wax of GaWM3 
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1,2benzenedicarboxylic acid,diisooctyl ester 

7,9 di tet butyl 1 oxaspiro[4,5]deca 

- 6,9 diene 2-8 - dione 

15,17,19,21-hexatriacontatetrayne 

Alpha Caryophyllene 

Caryophyllene 

Diethyl phtalate 

Eicosane, 2-methyl 

Fig. 4.23 A: 2-D structures of compounds present wax of GaWM3. 
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ethanol , 2 -[octadecyloxy] 

Hexadecane 

methoxy acetic acid,2-tridecylester 

Nonadecane 

Octadecane,1-[2-[hexadecyloxy]ethoxy-] 

Phenol,2,5,bis[1,1-dimethyl] 

tetradecane,2,6,10,trimethyl 

Fig. 4.23 B: 2-D structures of compounds present wax of GaWM3. 
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7,9 di tet butyl 1 oxaspiro[4,5]deca 

- 6,9 diene 2-8 - dione 

15,17,19,21-hexatriacontatetrayne 

Alpha Caryophyllene 

1,2benzenedicarboxylic acid, diisooctyl ester 

Caryophyllene 

Fig. 4.24 A: 3-D structures of compounds present wax of GaWM3. 
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Diethyl phtalate 

Eicosane, 2-methyl 

ethanol , 2 -[octadecyloxy] 

Hexadecane 

methoxy acetic acid,2-tridecylester 

Nonadecane 

Octadecane,1-[2-[hexadecyloxy]ethoxy-] 

Phenol,2,5,bis[1,1-dimethyl] 

tetradecane,2,6,10,trimethyl 

Fig. 4.24 B: 3-D structures of compounds present wax of GaWM3. 
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4.4.2.3. Biochemical composition of G. hirsutum 

 The GC-MS analysis of the isolated wax of G. hirsutum revealed 8 different chemical 

compounds (fig. 4.25). The list of the chemical compounds identified by GC-MS are shown 

in table 4.7. The percentages of identified compounds from isolated wax are shown in fig. 

4.26. The 2D and 3D of some important identified compounds has been shown in fig. 4.27 

and 4.28 respectively. The three major compounds found in the wax of G. hirsutum were (1) 

phenol, 2,25-bis[1,1-dimethyletyhly]- r (2) Nonadecane and (3) 1,2-Benzenedicarboxlic acid, 

diisooctyleste with percentages  14% , 21 % and 25% respectively.  

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Fig. 4.25: GC-MS TIC (total ion current trace) analysis for the compounds 

present in isolated wax of G. hirsutum. 
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Table 4.7: List of the Chemical compounds identified in wax of G. hirsutum 

Sr. No. RT 

(Min) 

Probable match 

1 3.659 2-cyclopenten-1-ol,1- phenyl- 

2 4.248 Nonadecane 

3 4.317 2-Trifluoroacetoxyteradecane 

4 4.597 phenol, 2,25-bis[1,1-dimethyletyhly]- 

5 5.147 Tetradecane,26,10-trimethyl- 

6 6.102 Nonadecane 

7 6.188 Trichloroacetic acid, hexadecylester 

8 7.212 Nonadecane  

9 21.832 1,2-Benzenedicarboxlic acid, diisooctylester 

10 21.809 P-Xylenolpthalein 
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Fig. 4.26: Percentage of each chemical compounds present in isolated wax of G. 

hirutum 
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Phenol,2,5,bis[1,1-dimethyl] tetradecane,2,6,10,trimethyl 

1,2 benzenedicarboxylic acid,diisooctyl ester 

Trichloroacetic Acid, hexadecylester 

2-cyclopentene-1-ol-phenyl- 

2-trifluroacetoxytetradecane 

Nonadecane 

Fig. 4.27: 2-D structures of compounds present wax of G. hirsutum. 
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Nonadecane 

Phenol,2,5,bis[1,1-dimethyl] 

tetradecane,2,6,10,trimethyl 

1,2benzenedicarboxylic acid, diisooctyl ester 

Trichloroacetic acid, hexadecylester 

Trichloroacetic Acid, hexadecylester 

Fig. 4.28: 3-D structures of compounds present wax of G. hirsutum. 
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4.4.2.4. Biochemical composition of G. harknessii 

The isolated wax from G. harknessii plant was subjected to GC-MS analysis that 

determined the presence of 6 different organic compounds (fig. 4.29) which were identified 

by their retention time (table 4.8). The percentages of the compounds present in the wax of 

G. harknessii are shown in fig. 4.30 whereas 2D and 3D structures are shown in fig. 4.31 & 

4.32. Caryophyllene and Lanceol, cis- were found to be the major wax compounds found in 

wax of G. harknesii having the percentage of 36 % and 45%respectively.  

 

 

 

 

 

 

 

 

 

 

 

  

Fig. 4.29: GC-MS TIC (total ion current trace) analysis for the compounds 

present in isolated wax of G. hirsutum. 
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Table 4.8: List of the Chemical compounds identified in wax of G. harknessii 

  

Sr. No. 
RT 

(Min) 
Probable match 

1 3.682 Caryophyllene 

2 4.031 α-Caryophyllene 

3 5.856 
2-napthalenemethanol,decahydro- α, α, 4a-trimethyl-8-methylene-

,|2R-[2α,4aα,8aβ]|- 

4 6.205 2,6,10-dodecatriene-1-ol,3,7,11-tromethyl-acetate,[E,E]- 

5 7.790 
Napthalene,1,2,3,4,4a,5,6,8a-octahydro-7-methyl-4-4methylene-1-

[1-methylethyl],[1α,4aβ,8aα]- 

6 8.237 Lanceol, cis- 
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Fig. 4.30: Percentage of each chemical compounds present in isolated wax of G. 

harknessii 
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Alpha Caryophyllene Caryophyllene 

2-napthalenemethanol,decahydro- 

α, α, 4a-trimethyl-8-methylene-

,|2R-[2α,4aα,8aβ]|- 

Lanceol, Cis- 

Napthalene,1,2,3,4,4a,5,6,8a-octahydro-7-

methyl-4-4methylene-1-[1-

methylethyl],[1α,4aβ,8aα]- 

2,6,10-dodecatriene-1-ol,3,7,11-

tromethyl-acetate,[E,E]-  

 

Fig. 4.31: 2-D structures of compounds present wax of G. harknessii. 



94 
 

  

Alpha Caryophyllene Caryophyllene 

2-napthalenemethanol,decahydro- α, α, 4a-

trimethyl-8-methylene-,|2R-[2α,4aα,8aβ]|- 
Lanceol, Cis- 

Napthalene,1,2,3,4,4a,5,6,8a-octahydro-7-

methyl-4-4methylene-1-[1-

methylethyl],[1α,4aβ,8aα]- 

2,6,10-dodecatriene-1-ol,3,7,11-

tromethyl-acetate,[E,E]-  

 

Fig. 4.32: 3-D structures of compounds present wax of G. harknessii. 
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4.4.2.5. Comparison of wax biochemical composition of experimental 

plants 

The biochemical analysis for the wax revealed different compounds present in 

different plants. Although these plants belong to the same genus, but species are different. 

Each plant has some unique compounds and all these plants share a few common 

compounds. The comparison of these chemical compounds is showed in table 4.9.  These 

compounds were aligned using PyMOL software (Fig. 4.33). 

Table 4.9: Comparison of chemical compounds present in experimental plants 

Sr. 

No 

Biochemical Compounds Gossypium 

arboreum 

GaWM3 Gossypium 
hirsutum 

Gossypium 
harknessii 

1 2-cyclopentene-1-ol, 1-phenyl- + - + - 

2 Nonadecane + + + - 

3 3-trifluoroacetoxytetradecane  + - - - 

4 Phenol, 2,5-bis [1,1- dimethyl] + + + - 

5 Methoxyacetic acid, 2- tridecylester + + - - 

6 2-piperidinone, n-|4-bromo-n-butyl| + - - - 

7 4-heptafluorobutyroxypentadecane + - - - 

8 Tetradecane, 2,6,10-trimethyl- + + + - 

9 Silane, trichlorodocosyl- + - - - 

10 6-Octadecenoic acid, methyl ester + - - - 

11 Heptadecanoic acid, 16-methyl-, 

methyl ester 

+ - - - 

12 1,2-Benzenedicarboxylic acid, 

diisooctyl ester 

+ + + - 
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13 Caryophyllene - + - + 

14 α-Caryophyllene - + - + 

15 Hexadecane - + - - 

16 Eicosane, 2-methyl-  - + - - 

17 Diethyl phthalate - + - - 

18 7,9-Di-tet-butyl-1-oxaspiro[4,5] 
deca – 6, 9-diene-2,8-dione  

- + - - 

19 Ethanol, 2-[octadecyloxy] - + - - 

20 A-D-Glucopyranoside, methyl-2-
[acetylamino]-2-deoxy-3-O-
[trimethylsillyl]-,cyclic methyl 
bronate 

- + - - 

21 Octadecane, 1-|2-
[hexadecyloxy]ethoxy|- 

- + - - 

22 15,17,19,21- Hexatriacontatetrayne - + - - 

23 |5-[3-methoxymethoxy-10,13-
dimethyl-
2,3,4,9,10,11,13,14,15,16,17-
dodecahydro-
1Hcyclopenta|a|[phenanthren-17-
yl]-hex-1-ynul|-trime 

- + - - 

24 2-Trifluoroacetoxyteradecane - - + - 

25 Trichloroacetic acid, hexadecylester - - + - 

26 P-Xylenolpthalein - - + - 

27 Lanceol, cis- - - - + 

28 Napthalene,1,2,3,4,4a,5,6,8a-
octahydro-7-methyl-4-4methylene-
1-[1-methylethyl],[1α,4aβ,8aα]- 

- - - + 

29 2,6,10-dodecatriene-1-ol,3,7,11-
tromethyl-acetate,[E,E]- 2,6,10-
dodecatriene-1-ol,3,7,11-tromethyl-
acetate,[E,E]-  

- - - + 
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30 2-napthalenemethanol,decahydro- 
α, α, 4a-trimethyl-8-methylene-

,|2R-[2
α
,4aα,8aβ]|- 

- - - + 

There are few compounds that are only present G. arboreum not in GaWM3. The list 

of these are compounds are: 

1. 3-trifluoroacetoxytetradecane  

2. 2-piperidinone, n-|4-bromo-n-butyl| 

3. 4-heptafluorobutyroxypentadecane 

4. Silane, trichlorodocosyl- 

5. 6-Octadecenoic acid, methyl ester 

6. Heptadecanoic acid, 16-methyl-, methyl ester 
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Fig 4.33: Alignment of identified wax compounds of cotton species (A) G. arboreum (B) 

GaWM3 (C) G. hirsutum (D) G.harknessii 

A B 

D C 
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4.5. Relationship among whiteflies and epicuticular waxes 

4.5.1. Number of whiteflies Visiting Experimental Plants 

The average number of the whiteflies per leaf that visited the experimental plants were found 

to be 29 in G. arboreum, 42 in GaWM3, 47 in G. hirsutum and 27 in G. harknessii (Fig. 

4.34) in a single growing season. Maximum whiteflies per leaf was noted for G. hirsutum and 

least for G. harknessii. 

  

Figure 4.34: Average number of whiteflies per leaf that visited cotton plants in single 
growing season.  
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4.5.2. Whiteflies feeding assay 

Whiteflies feeding assay was done on experimental plants as mentioned in the methodology 

section for 72 hours. The whiteflies incubated on G. harknessii, G. hirsutum, GaWM3 under 

a light microscope (fig 4.35 c, d & e) whereas no color was observed in the gut of whiteflies 

fed on negative control plant and G. arboreum (fig. 4.35 a & b). 

 

  

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

  

 

Fig 4.35: Whiteflies feeding assay. Whiteflies under light microscope when fed on nile 

blue containing experimental plants (a) negative control (b) G. arboreum (c) GaWM3 (d) G. 

harknessii (e) G. hirsutum  

a b c 

d e 
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Chapter # 5 

 

 

DISCUSSION 

 

Gossypium arboreum wax deficient mutant (GaWM3) was found susceptible to 

cotton leaf curl virus (CLCuV) with qualitative and quantitative aspects of epicuticular wax 

along with a titer of each viral component (DNA-A, alphasatellite and betasatellite) evaluated 

for the first time in this study (fig. 4.10, 4.11, 4.12) whereas it is worth mentioning that the 

wild G. arboreum is resistant to this virus as reported by Zafar et al. (2003) and was selected 

as negative control in this study. The G. hirsutum is reported to be susceptible for CLCuV 

(Khan et al., 2011) and G. harknessii of Hawaiian origin (thought to be more waxy) was also 

included in this study. GaWM3 was created in Center of excellence in molecular biology, 

University of the Punjab (Barozai and Husnain, 2014). 

Epicuticular wax is a protective layer, present on a plant surface that is highly 

variable depending upon species, cultivar or plant part. The basic function of epicuticular 

wax is to prevent plants from the excessive water loss, but they also have specific ecological 

functions too i.e., attachment and locomotion of the insects. The epicuticular waxes may also 

influence the herbivore of the insects as insects should be able to detect the functional group 

of the wax compounds that may hinder the insect movement of the plant or they may provide 

the place for attachment to insect pads (Eigenbrode and Espelie, 1995).  Some of the insects 

recognize the host surface by perceiving plant surface waxes (Shah, 2005). The physical and 

chemical composition of wax also gives clues and cues for insect attachment which can 

determine plant-insect interaction and insect behavior (Müller and Riederer, 2005). Wax is 

directly exposed to the environmental or biotic stresses and there it acts as the first line of 
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defense to prevent stomatal water loss, which is the primary function of cuticle (Baur, 1998). 

Other secondary functions of epicuticular waxes are protection from UV reflection (Reicosky 

and Hanover, 1978) first physical barrier to the external organisms i.e. plant insect (Müller 

and Riederer, 2005) and role in plant-pathogen interactions (Carver and Gurr, 2008). 

Chemically wax can be defined as “a polyester matrix of hydroxyl- and hydroxyl epoxy fatty 

acids C16 and C18 long (cutin) embedded and overlaid with cuticular wax.” The epicuticular 

wax is a complex mixture of organic compounds like hydrocarbons, alcohols, acids and 

esters (Chachalis et al., 2009).  

There are different methods for wax removal like scouring (Agrawal et al., 2007) 

which is the process of wax removal by hot NaOH, mechanical removal of wax and 

decoction which was opted in current study (Barozai and Husnain, 2014).  

The concentration of the wax was calculated to be 95 µg/cm2 183 µg/cm2, 130 

µg/cm2 and 146 µg/cm2 in experimental plants i.e., GaWM3, G. arboreum, G. hirsutum and 

G. harknessii, respectively, as shown in fig 4.15. The concentration of the wax was in 

accordance with the report of Bondada et al. (1996) i.e., from 70 µg/cm2 to 154 µg/cm2 from 

normal conditioned to stress conditions in cotton. Similar wax quantitative results were also 

obtained by Barozai and Husnain (2014) i.e., G. arboreum  contain 183.7  µg/cm2 while its 

mutant GaWM1, GaWM2 and GaWM3 had 66.79%, 59.69% and 49.02 % less wax than G. 

arboreum respectively. 

The relationship between insects and plants is very old. The first thing that comes into 

contact is plant epicuticular wax. The plant that has more wax offer more hindrance to the 

attachment of insect to the plant as described by Whitney and Federle (2013). Waxes not 

only offer hindrance, but also make the movements of the insects difficult even insects were 

unable to show locomotion after 20 min of feeding on the waxy surface of the plants and 

flew away from the surface (Gaume et al., 2004).  Similar results were obtained in this study 

where variation in feeding behavior of whitefly was noticed in different groups of cotton 

plants having different wax composition (Fig.33).  

The role of epicuticular wax for drought resistance was evaluated by Khan et al. 

(2011) through study of wax mutant plants. Further inoculation of these wax mutant plants 



103 
 

with viruliferous whiteflies by Khan et al. (2011) resulted in susceptibility of the wax 

deficient mutant. The symptoms of CLCuV in the form of leaf curling was observed in case 

of GaWM3 and G. harknessii while thickened veins, upward curling and present of leaflets 

on the underside of the leaves was observed in case of in case of G. hirsutum but no such 

symptoms were observed in G. arboreum (fig. 4.5).  The results of virus symptom 

appearance were in accordance with Sattar et al. (2013).  

The Real Time PCR results depicted that molecules/μl of DNA-A in G. harknessii, 

GaWM3 and  G. hirsutum were, 6.6x107,  6.3x 107 and 8.7x108 respectively, and DNA-A was 

undetermined in G. arboreum (fig. 4.12A & 4.12B). Molecules/μl of betasatellites were  and 

3.8x 107, 3.6x107 and 7.2 x 108 respectively in G. harknessii, GaWM3 and respectively, and 

G. hirsutum whereas betasatellite were not detected in G. arboreum (fig. 4.11A & 4.11B). 

Molecules/μl of alphasatellite were 4.6x 107, 4.8x107 and 5.9 x 108 and respectively in G. 

harknessii, GaWM3 and G. hirsutum, respectively, whereas the molecules/μl was 

undetermined in case of G. arboreum (fig. 4.10A & 4.10B). As the betasatellites suppress the 

immune system of the plants, thus symptoms appear more vigorously, incomaprison to those 

plants where betasatellites are less or absent (Zaffalon et al., 2012).  In this study, direct co-

relation was found between the titer of betasatellites and the severity of the disease, thus this 

study supports the hypothesis of the association of betasatellite with DNA-A in the 

development of symptoms and pathogenicity of the disease. The ratio of the DNA-A, 

alphasatellite and betasatellite has been shown in table 4.3 which indicate the ratio of DNA-

A and betasatellite is maximized in G. hirsutum as compared to G. harknessii and GaWM3. 

The pattern of severity of symptoms also follows the ratio of DNA-A and betasatellite which 

depicts that the symptoms were in its severe form in G. hirsutum as compared to G. 

harknessii and least in GaWM3 (fig. 4.5A & B). 

The ratio of different organic compounds varies in the epicuticular wax. According to 

Chachalis et al. (2009) the major compounds were acids, alcohols and  hydrocarbons  in the 

wax of trumpetcreeper plants redvine whereas aromatic compounds, phenol and esters were 

also found in this study. According to Keese and Camper (2006), cotton contain thin layer of 

wcontains a thin layeras a major detectable compound determined by gas chromatography. 

According to Bondada et al. (1996) epicuticular wax of cotton consist of long chain of 
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hydrocarbon in the form of striation. The pattern of striation varies on different organ like 

boll, leaf and bracket. An increase in wax content was reported by Kakani et al. (2003) on 

exposure to UV-B radiation. Among the constituents of epicuticular wax of cotton the n-

tetratriacontane was the dominant wax compound in G. hirsutum with 65%  of the total wax 

according to Bondada and Oosterhuis (2000) in contrast, most dominant compounds in G. 

arboreum are (1) 1,2-Benzenedicarboxylic acid, diisooctyl ester (2) Phenol, 2,5-bis [1,1- 

dimethyl] and (3) Heptadecanoic acid, 16-methyl-, methyl ester having a percentage of 

10.12%, 14.1 % and 25.6% respectively (fig. 4.18) while the dominant wax compounds 

GaWM3 were  (1)  Nonadecane ester (2) 7,9-Di-tet-butyl-1-oxaspiro[4,5] deca – 6, 9-diene-2,8-dione 

(3) Octadecane, 1-|2-[hexadecyloxy]ethoxy|-  and (4) 1,2,- Benenedicarboxylic acid, diisooctyl 

having percentage of 11%, 12%, 14%,  and 18%  respectively (fig. 4.22). The three major 

compounds found in the wax of G. hirsutum were (1) phenol, 2,25-bis[1,1-dimethyletyhly]- r 

(2) Nonadecane and (3) 1,2-Benzenedicarboxlic acid, diisooctyleste with percentages  14% , 

21 % and 25% respectively (fig. 4.26). Caryophyllene and Lanceol, cis- were found to be the 

major wax compounds found in wax of G. harknesii having the percentage of 36 % and 

45%respectively (fig. 4.30).  

Shepherd et al. (1999) reported that the triacylglycerol were highest on the leaf 

surface of raspberry (Rubus idaeus L.) Plants that were susceptible to aphid while in present 

study hydrocarbons (nonadecane and octadecane) and carboxylic acid were found in 

abundance in susceptible plant (G. hirsutum) and wax deficient mutant of G. arboreum 

(GaWM3) (fig. 4.22 & 4.26) whereas G. harknessii contain more Lanceol, cis- and  

caryophyllene (fig. 4.30). The comparison of wax components of GaWM3 and G. arboreum 

clearly demonstrated that there were six organic compounds  i.e., (1) 4-

heptafluorobutyroxypentadecane (2) Heptadecanoic acid, 16-methyl-, methyl ester (3) 2-

piperidinone, n-|4-bromo-n-butyl| (4) 6-Octadecenoic acid, methyl ester  (5) 3-

trifluoroacetoxytetradecane (6) Silane, trichlorodocosyl-   (which were only present in the 

wax of G. arboreum) may create unique features in the wax of G. arboreum which may be 

involved in its resistance against transmission of CLCuV (table 4.9) whereas the alignment of 

the compounds have been shown in fig 4.33. 
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The wax present on plant surface not only change the foraging behavior of the 

insects, but also make the plant surface slippery for the insects. In a study, Prüm et al. (2012) 

showed that increased in wax quantity significantly decrease the attachment of Colorado 

potato beetle to the host plant. Morphology and composition of the epicuticular waxes 

seriously affect the aphid’s recognition of the host plant (Sarria et al., 2010). The study by 

Pompon and Pelletier (2012) describe the probing behavior of the aphid on host plant. The 

key result the host plantficantly different in probing and non-probing time of the insect on 

waxy and less waxy host plants. The aphids were having more probing time on the 

susceptible and less waxy plant as compared to resistant and waxy plant in which aphids 

spend more time as non-probing. According to Eigenbrode and Espelie (1995), plant and 

insect surface waxes play a vital role in insect host or predator-prey relationship. In this 

study, the average number of the whiteflies per leaves was observed for one growing season. 

The least number, i.e., 27 and 29 of the whiteflies visited the cotton leaf were found in G. 

harknessii and G. arboreum respectively, whereas the average number of whiteflies visiting 

G. hirsutum and GaWM3 were in the range of 42 and 47 respectively (fig. 4.34). It is 

concluded from the above results that the cotton plants  having more wax i.e., G. arboreum & 

G. harknessii had less number of whiteflies per leaf whereas the cotton plant that had less 

wax (G. hirsutum) or wax that was deficient (GaWM3) had more number of whiteflies per 

leaf. Moreover, the whitefly feeding assay depicted the color in the gut of whiteflies that 

were fed upon GaWM3, G. harknessii and G. hirsutum whereas no color was observed in the 

gut of G. arboreum like negative control whiteflies (fig. 4.35). This may be due to fact that 

plant surfaces might be slippery because of several ways and the wax in G. arboreum make it 

difficult for whiteflies to feed upon it. The most common is because of the covering of 

epicuticular waxes. The basic mechanism of this slimy surface is the falling of the crystals 

when insects try to attach with them Gaume et al. (2004). On the other hand the epicuticular 

wax also creates small crystals that make the surface rough. Smaller crystals are very tiny for 

insect pads that they could not do any help for insects rather they decrease the surface area 

for insect attachment (Scholz et al., 2010). Plant wax crystals move outward and regenerate 

through plant cuticles during a vulnerable situation (Neinhuis et al., 2001). Plant waxes not 

only involved in behavior changes in insect, plant relationship, but also involved in insect 

predator or inter predator relationship (White and Eigenbrode, 2000). 



106 
 

CONCLUSION:  

The present study highlights very important aspect of cotton whitefly interaction 

related to cotton cuticular wax composition in Gossypium arboreum and its wax mutant 

(GaWM3), G. harknessii and G. hirsutum. The appearance of symptoms and detection of 

CLCuV in wax mutant, but not in G. abroreum determined the role of wax in transmission of 

CLCuV through the whitefly vector. From these results it can be concluded that wax can act 

as a first defense line against insects feeding on plants. Moreover, other than quantitative 

differences, qualitative differences are also found in the wax of resistant G. arboreum.  

This study indicates that though wax deficient mutant became susceptible to CLCuV 

as detected by Real time PCR but there is something else rather than the wax that stops the 

virus to express its full symptoms in GaWM3. Yet there is need to study the protein profile of 

G. arboreum and its wax mutant by 2-d SDS PAGE and micro-array analysis can compare 

the induced genes of G. arboreum, GaWM3, G. hirsutum and G. harknessii.  
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APPENDIX-I 

DNA Extraction Buffer 

Tris Cl   100mM (pH 8.0) 

EDTA   20mM (pH 8.0) 

NaCl   1M  

CTAB   2% 

PVP-40  2% (w/v) 

-mercaptoethanol 0.2% 

50x TAE Buffer 

 Tris base  121g 

 EDTA     18.6 

 pH   8.5 

Adjust volume to 1 liter with distilled water. 

APPENDIX-II 

LURIA BERTANI (LB) MEDIUM w 

Tryptone  10 g 

Yeast Extract  10 g 

NaCl     5 g 

Dissolved in 1 liter of distilled water, adjusted pH: 7.5 and autoclaved. 

LB AGAR with X-gal and Ampicillin 

LB containing 15 g / liter of Bacto Agar 
 

Ampicillin  50mg/ml 

2 ul of Xgal stock solution per ml of media  

APPENDIX III 

Protein Extraction Buffer (5ml) 

 Glycerol  0.5ml 

 0.5M EDTA   0.4ml (pH 7.5) 

 5M NaCl  0.15ml 

 1M TrisCl  0.05ml (pH 7.5) 

 NH4Cl   26.7mg 

 DTT   15mg 
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 PMSF   2mM 

Carbonate Buffer 

 Na2CO3  0.04M 

 NaHCO3  0.06M 

 Adjust pH of Na2CO3 to 9.6 with NaHCO3 and store at 4ºC. 

Phosphate Buffered Saline (PBS) 

NaCl   8 g 

KCl   0.2 g 

KH2PO4  0.24 g 

Na2HPO4  1.44 g 

 Dissolve in 1 liter of distilled water, adjust pH to 7.4 and autoclaved. 

Phosphate Buffered Saline-Tween 20 (PBST) 

Tween-20  500 l (0.05 %) 

Dissolved in 1 liter of 1x PBS. 

SDS-PAGE Solutions 

 12% separating gel 

 Water   2.8ml 

Acrylamide (30%) 3.2ml 

4xTris-SDS  2.5ml (pH8.8) 

APS (10 %)  26.7l 

TEMED  5.3l 

4% stacking gel 

Water   2.5ml 

Acrylamide (30%) 0.533ml 

4xTris-SDS  1ml (pH6.8) 

APS (10 %)  31.5l 

TEMED  6.3l 

10% APS (ammonium per sulphate) 

 APS   0.1g 

 Water   1ml 

4x TRIS-SDS Buffer pH 8.8. 

 Trizma base  18.2g 

 SDS   0.4g 
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Adjust pH to 8.8 with concentrated HCl, make up volume to 100ml, filter 

sterilize and store at 4ºC. 

4x TRIS-SDS Buffer pH 6.8 

 Trizma base  6.05g 

 SDS   0.4g 

Adjust pH to 6.8 with concentrated HCl, make up volume to 100ml, f ilter 
sterilize and store at 4ºC. 

10x Running Buffer 

Trizma base  30.05g 

Glycine  142.5g 

SDS   10g 

Dissolve in 1 liter of distilled water. 

Transfer Buffer 

Trizma base  3.032g 

Glycine  14.416g 

Methanol  200ml 

Adjust volume upto 1 liter. 

Coomassie Stain 

 Coomassie blue 2.5g 

 Methanol  455ml 

Glacial acetic acid 91ml 

 Adjust volume to 1 liter with distilled water. 

Coomassie Destain 

 Methanol  250ml 

 Glacial acetic acid 70ml 

 Adjust volume to 1 liter with distilled water. 

2x Sample Buffer 

 4x TRIS-SDS Buffer 2.5ml (pH 6.8) 

 Glycerol  2ml 

 SDS   0.4g 

 -mercaptoethanol 200ul 

 Bromophenol blue 200ul 

Adjust volume upto 10 ml with distilled water. 
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Blocking Solution 

 Skim milk  1.25g 

 1x PBS  25ml 

 

APPENDIX IV 

Nile Blue 1g/L 

Component                   Stock Solution  mL Stock Solution/1L 

Macronutrients  

2M KNO3 202 g/L 2.5  

1M Ca(NO3)2•4H2O 236 g/0.5L 2.5  

Iron (Sprint 138 iron chelate) 15 g/L 1.5  

2M MgSO4•7H2O 493 g/L 1  

1M NH4NO3 80 g/L 1  

Micronutrients  

H3BO3 2.86 g/L 1  

MnCl2•4H2O 1.81 g/L 1  

ZnSO4•7H2O 0.22 g/L 1  

CuSO4•5H2O 0.051 g/L 1  

H3MoO4•H2O or 0.09 g/L 1  

Na2MoO4•2H2O 0.12 g/L 1  

Phosphate  

1M KH2PO4 (pH to 6.0) 136 g/L 0.5  
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1. Background
Plant viruses are major hindrance in yield improve-

ment and productivity of plant products. Viruses that

belong to family Geminiviridae, are economically

important and transmitted by the members of the phy-

lum Arthropoda (1). 

Cotton plants are naturally affected by many stresses

from which 75% are biotic (2). Among these

pathogens,Cotton leaf curl virus (CLCuVand its cognate

CLCuBuVand CLCuMB) is a common source of tension

for cotton growersespecially in Pakistan. CLCuV
genome consists of a single stranded DNA particle i.e.

DNA-A along with each of its associated DNA satellites,

called alphasatelliteand betasatellite (3). 

The first and foremost physical barrier in plant

pathogen interaction is epicuticular wax (4). This layer

not only hinders the bacteria and fungi, but also create

a first line of defense against insects (5). For instance,

in wax deficient pea mutants the aphid spendsmore

time (6).  Wax can be defined as  a polyester matrix of

hydroxyl- and hydroxyl epoxy fatty acids C16 and C18

long (cutin) embedded and overlaid with epicuticular

wax. 

The Asiatic G. arboreum is resistant to CLCuV (7).

Our hypothesis was to investigate that whether the wax

plays a critical barrier in transmission of CLCuV by

whitefly (Bemisiatabaci) in this plant. In 2009, a wax

deficient mutant (GaWM3)ofAsiatic G. arboreumwith

50% less wax wasproduced (8).
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Background: Gossypiumarboreumis resistant to Cotton leaf curl Burewala virus and its cognate Cotton leaf curl Multan
betasatellite (CLCuBuVand CLCuMB). However, the G.arboreumwax deficient mutant (GaWM3) issusceptible to CLCuV.

Therefore, epicuticular wax was characterized both quantitatively and qualitatively for its role as physical barrier against

whitefly mediated viral transmission and co-related with the titer of each viral component (DNA-A, alphasatellite and

betasatellite) in plants.

Objectives: The hypothesis was the CLCuVtiter in cotton is dependent on the amount of wax laid down on plant surface

and the wax composition.

Results: Analysis of the presence of viral genes, namelyalphasatellite, betasatellite and DNA-A, via real-time PCR in cot-

ton species indicated that these genes are detectable in  G. hirsutum, G. harknessii and GaWM3, whereas no particle was

detected in G. arboreum. Quantitative wax analysis revealed that G. arboreumcontained 183 μg/cm2 as compared to

GaWM3 with only 95 μg/cm2. G. hirsutum and G. harknessiihad 130 μg/cm2 and 146 μg/cm2,respectively. The GC-MS

results depicted that Lanceol, cis was 45% in G. harknessii.Heptadecanoic acid was dominant in G. arboreum with

25.6%.GaWM3 had 18% 1,2,-Benenedicarboxylic acid. G. hirsutumcontained 25% diisooctyl ester. The whitefly feeding

assay with Nile Blue dye showed no color in whiteflies gut fed on G. arboreum. In contrast, color was observed in the rest

of whiteflies. 

Conclusions: From results, it was concluded that reduced quantity as well as absence of (1) 3-trifluoroacetoxytetradecane,

(2) 2-piperidinone,n-|4-bromo-n-butyl|, (3) 4-heptafluorobutyroxypentadecane, (4) Silane, trichlorodocosyl-, (5) 6-

Octadecenoicacid, methyl ester, and (6) Heptadecanoicacid,16-methyl-,methyl ester in wax could make plants susceptible

to CLCuV,infested by whiteflies.

Keywords: Cotton; GaWM3wax mutant; GC-MS; Leaf curl; Whitefly
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2. Objectives
The aims of the present study was (1) to quantify

the cuticular waxes and determine the biochemical

composition of wax mutant GaWM3in comparison

with G. arboreum, G. hirsutum and G. harknessii, and

(2) to determine the CLCuV titer and its correlation

with quantity and composition of waxes through feed-

ing of whiteflies on plants.

3. Materials and Methods

3.1. Plant Materials
Seeds of G. hirsutum less waxy and  susceptible to

CLCuV, G. arboreum, “desicotton” resistant to CLCuV
with more epicuticular wax, G. harknessii, more waxy

like  and susceptible to CLCuV were planted along

with wax deficient mutant of G. arboreum (GaWM3)

in pots as well as in field.Upward or downward curling

of the leaves, thickened veins and growth of plants was

noted in inoculated and non-inoculated plants as indi-

cated by Khan et al. (9).

3.2. CLCuV Titer Evaluation 
Viruliferouswhiteflies (100) were incubated over-

plants. Field trials have been conducted under natural

infection condition with uncharacterized CLCuV iso-

lates. However, it was found that CLCuBV was more

dominant in the field than CLCuMB Primers were

designed for alphasatellite (FR873751.1), betasatellite

(HF567946.1) and DNA-A (X98995.1). The primers

and probe (5’Fam and 3’Tamra) were designed from

coat protein of DNA-A, C1 region of beta-satelliteand

Rep gene of alpha-satellite (Table 1) using “Genscript”

website software (https://www.genscript.com/ssl-

bin/app/primer). The experiment was performed in 3

replicates. The reaction mixture (25 μL) contained 150

μg of plant DNA, 2.5 μL 10× PCR buffer (Fermentas),

2.5 μL of 2 mM dNTPs, 1.5 μL of  MgCl2 (Fermentas)

1 μL of 10 pmol.μL-1 each forward and reverse

primers (Table 1) and 0.5 μL of 5UTaqDNA-poly-

merase (Fermentas). The PCR was initiatedat 95ºC for

5 min, followed by 35 cycles of 95ºC for 30 s, 59ºC for

30 s, and  72ºC for 30 sec with final extension at 72ºC

for 10 min. The concentrations of the viral particles

were calculated through Real Time-PCR using stan-

dard curve through known standards of DNA-A,

alphasatellites and betasatellites.

3.3. Wax Quantification 
The isolation of plant epicuticular wax was per-

formedaccording to“Decoction” method (10) and leaf

surface area was calculated with Adobe Photoshop

(11).  Thetotal isolated wax from each plant was con-

verted into μg and divided by total leaf surface area (in

cm2).

3.4. Determination of Biochemical Composition of
Epicuticular Wax

Gas chromatograph mass spectrometry:wax sam-

ples (1 μg) in 3 replicateswere dissolved in hexane and

passed through impregnated carbon filter to remove

any impurities. Internal standard, tetracosane (10

μg.μL-1) was added to the testing samples prior to

analysis. From the wax samples, 2 μL was taken and

injected into the column at 50ºC and condition was

held for 2 min. The samples were desorbed by increas-

ing the temperature by 40°C/min to 200°C, 2 min at

200°C, 3°C/min to 310°C, and 30 min at 310°C. The

Helium gas was used as the carrier and the gas flow

was maintained at 2 mL.min-1. The quantitative com-

position of the mixtures was studied by capillary GC

(Agilent; 30 m HP-1, 0.32-mm i.d. df = 1 μm) and

flame ionization detection under the same GC condi-

tions as above but Helium (carrier gas) inlet pressure

was programmed for 50 kPa at injection, held for 5

min, raised with 3 kPa.min-1 to 150 kPa and held for

40 min at 150 kPa. Single compounds were quantified

against the internal standard by manually integrating

peak areas (12). Components were identified by the

help of NIST library, 2005 (13).

3.5. Whitefly Feeding Assay
Two week old seedling of plants (i.e. G. arboreum,

GaWM3, G. hirsutumand G. harknessii) were placed

into Hoagland’s solution (14) with 1% Nile Blue

(Sigma Aldrich). The whiteflies (Bemisiatabaci) were

AzmatUllah Khan M. et al.
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DNA-A: Amplicon size 182 bp Tm: 55°C

CP-F

CP-R

CP-P

5'AAACAACAGGCATGGACAAA'3, 

5'CCGACACCACGAGTAACATC '3

Fam-5'TGGGCCTTCACAACCCTTTGG '3-Tamra

Alphasatellite:Amplicon size 192 bp: 55°C

Alpha Rep-F

Alpha Rep-R

Alpha Rep-P

5'GTCTTCCGACGAGTTAAGGC '3 

5'GTCTCTGGCAAAGGTGGATT '3

Fam-5'AACGGGACCCAGATGACCGC '3-Tamra

Betasatellite: Amplicon size 186 bp: 55°C

BetaC1-F

BetaC1-R

BetaC1-P

5'TTCCTATTCGCATACAACGG '3

5'ATGCATTGCTGGTTTGTGTT '3

Fam-5'ACGGTTCGATTACATCCATTCCCAA'3-Tamra

Table 1. Designing of primers and probe to detect DNA-A,
alphasatellite and betasatellite



incubated on plants for 3 days and observed under

microscope (Zeiss, Imager A1) to observe the color of

Nile Blue dye in their gut.

4. Results

4.1 Detection of CLCuV
Symptoms: The plants were exposed to whiteflies

in random in field trials and 100 whiteflies per plant

were incubated in greenhouse tests. The symptoms of

cotton leaf curl disease appeared on G. hirsutum, G.
harknessii and GaWM3 but not on G. arboreum. The

typical symptoms of upward or downward curling of

the leaves and thick enation were appeared on G. hir-
sutum and GaWM3 (Figure 1). The CLCuV compo-

nents (alphasatellite, betasatellite and DNA-A) were

quantified by real time PCR. The mean numbers of

molecules per microliter of alphasatellite in between-

greenhouse and field samples were 5.9×108, 4.8×107

and 4.6×107 for G. hirsutum, GaWM3 and G. harknes-
sii, respectively.Whereas no alphasatellite was detect-

ed in G. arboreum (Figure 2A). Betasatellites were

determined as 7.2×108, 3.6×107 and 3.8×107 mole-

cules.μL-1 in G. hirsutum, GaWM3 and G. harknessii,

respectively. Similarly, betasatellite was not detected

in G. arboreum (Figure 2B). The copy numbers of

DNA-A in G. hirsutum, GaWM3 and G. harknessii
were 8.7×108, 6.6×107 and 6.3×107 molecules.μL-1,

respectively.Again, DNA-A was not detectedin G.
arboreum (Figure 2C). In experimental plants, G. hir-
sutum: GaWM3: G. harknessii: G. arboreum,the ratio

of α-satellitewas 270:24:23:0 for alphasatellite,  forbe-

tasatellitewas 360:18:19:0, andfor DNA-A was

290:22:21:0, respectively. 

4.2. Epicuticular Wax per Unit Area
Maximum wax per unit area was obtained from G.

arboreum (183 μg/cm2) as compared to its mutant that

had 95 μg/cm2. In contrast, G. hirsutumand G. harknes-
sii had130 μg/cm2 and 146 μg/cm2, respectively. 

4.3. Biochemical Composition of Epicuticular Wax
Gas chromatograph mass spectrometry of plants (G.

arboreum, GaWM3, G. hirsutum and G. harknessii
(Figure 3A-D, respectively) was carried out to deter-

mine the biochemical composition of wax and their

quantitative values. The chemical compounds were

identified by comparing their retention time in the
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Figure 1. Symptoms on experimental plants after incubation of whiteflies A: severe symptoms were observed in G. hirsu-
tum B: gawm3 showed mild symptoms of upward curling C: mild symptoms of downward curling were also observed in
G. harknessii D: no symptoms were observed on G. arboretum leaves



NIST mass spectra library, 2005 (13).

The top 3 compounds that weredominant in G.
arboreumare suspected to be (1) 25.6%heptade-

canoicacid, 16-methyl-, methyl ester (2) 14.1% phe-

nol, 2,5-bis [1,1- dimethyl] and (3) 10.12% 1,2-ben-

zenedicarboxylic acid, diisooctyl ester. The dominant

compounds in wax of GaWM3 were suspepcted to be

(1) 18%1,2,- benenedicarboxylicacid, diisooctyl ester

(2) 14%octadecane, 1-|2-(hexadecyloxy)ethoxy|- (3)

12%7,9-Di-tet-butyl-1-oxaspiro (4, 5) deca-6, 9-diene-

2,8-dione and (4) 11%nonadecanehaving percentage.

The three major compounds found in the wax of G. hir-
sutumwere (1) 25%1,2-benzenedicarboxlic acid,

diisooctylester (2) 21 %nonadecaneand (3)14% phe-

nol, 2,5-bis (1,1-dimethyletyhly)- with percentage of,

.Lanceol, cis- and  caryophyllenewere thetwo major

wax compounds found in G. harknessii, having the

percentage of 45% and 36%, respectively. Comparison

of wax biochemical composition of experimental

plants is shown in (Table 2).

4.4. Whiteflies Feeding Assay
Collected whiteflies on G. arboreum, similar to the

negative control did not show any gut coloring (Figure

4 A,B), while on the other 3 plants,gut color was

observed (Figure 4 C-D).

5. Discussion
Here, a cotton wax mutant (GaWM3) next to 3

other wild type cotton species were analyzed to estab-

lish the role of wax in resistance against insects. The

plant having less wax is moresusceptibleto insects,

G.arboreumwax deficient mutant (GaWM3) was found

susceptible to CLCuV (Figure 2) as opposed to the

wild type (7).

The concentration of the isolated waxeswere  183,

146, 130 and 95 μg/cm2 in G. arboreum, G. harknessii,
G. hirsutum and GaWM3, respectively. The concentra-

tion of the wax was in accordance with the report of

Bondada et al. (15) i.e. from 70 μg/cm2 to 154 μg/cm2

from normal condition to stress conditions in cotton.

The results of virus symptoms appearance were in

accordance with (16) and (17). The role of betasatellite is

well-defined in suppressing the phyto-immune system

that ultimately results in development of severe viral

symptoms (18, 19).  Our data support this hypothesis that

increase in quantity of betasatellite results in increase of

symptoms and vice versa. The positive correlation was

found in the severity of the symptoms and titer of

betasatellite particles along with DNA-A (Figure 1). 

The ratio of different organic compounds varies in

the epicuticular wax. Hydrocarbons, alcohols and

acids were the major compounds found in the wax of

red vine (Brunnichiaovata) and trumpet creeper plants

(Campsisradicans) (20). In addition to these classes of

AzmatUllah Khan M. et al.
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Figure 2. Real Time PCR to determine viral titer A: mole-
cules.μL-1 of b-satellite was maximum in G. hirsutum, while
it was not detectable in G. arboreum. B: molecules.μL-1 of
β-satellite was maximum in G. hirsutum, while it was not
detectable in G. arboreum C: molecules.μL-1 of DNA-A
was maximum in G. hirsutum, while it was not detectable in
G. arboreum whereas the error bars represent the variation
among 3 replicates



compounds, esters, phenols and other aromatic com-

pounds were also found in this study.Themost domi-

nant compounds were esters in G. arboreum, GaWM3

and G. hirsutum (25.6%, 18% and 25%, respectively)

and lanceol, cis (45%) was dominant in G. harknessii. 
The comparison of wax components of GaWM3

and G. arboreum clearly demonstrated that the follow-

ing six organic compounds were only presentin G.
arboreum: 3-trifluoroacetoxytetradecane, 2-piperidi-

none, n-[4-bromo-n-butyl], 4-heptafluorobutyrox-

ypentadecane,silane, trichlorodocosyl-, 6-octade-

cenoic acid, methyl ester, andheptadecanoicacid, 16-

methyl-, methyl ester,may create unique features in its

wax and may be involved in its resistance against

transmission of CLCuV (Table 2). The whitefly feeding

assay also suggested that the quantity as well as quality

of the wax has its role in feeding of whiteflies (Figure 4).

6. Conclusions 

The characterization of cotton epicuticular wax and

its role in transmition ofCLCuVby whiteflies to plants

Iran J Biotech. 2015;13(4):e1234
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Figure 4. Whiteflies feeding assay. Whiteflies under light
microscope when fed on nile blue containing experimental
plants A: negative control B: G. arboreum C: GaWM3 D: G.
harknessii E: G. hirsutum. Dye was observed in the gut of
whiteflies fed on G. hirsutum, G. harknessii and GaWM3
whereas no color was observed in negative control and the
whiteflies fed on G. arboreum

Figure 3. GC-MS TIC (total ion current trace) analysis for the compounds present in isolated wax of A: G. arboreum. B:

GaWM3 C: G. hirsutum D: G. harknessii. Compounds  were identified on the basis of the retention time through NIST

library



were demonstrated. It was found that 50% reduction in

wax (in leaves of GaWM3) made it possible for the

whiteflies to transmit the virus and to develop the rel-

evant symptoms. It is concluded that wax act like bar-

rier in hindering the CLCuV transmission in cotton.

Moreover, quantities as well as chemical composition

of wax had impacts on  feeding behavior in whiteflies

and transmission of CLCuV.
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14
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21
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25

26
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2-cyclopentene-1-ol, 1-phenyl-

Nonadecane

3-trifluoroacetoxytetradecane 

Phenol, 2,5-bis [1,1-dimethyl]

Methoxyacetic acid, 2-tridecylester

2-piperidinone, n-[4-bromo-n-butyl]

4-heptafluorobutyroxypentadecane

Tetradecane, 2,6,10-trimethyl-

Silane, trichlorodocosyl-

6-Octadecenoic acid, methyl ester

Heptadecanoic acid, 16-methyl-, methyl ester

1,2-Benzenedicarboxylic acid, diisooctyl ester

Caryophyllene

α-Caryophyllene

Hexadecane

Eicosane, 2-methyl- 

Diethyl phthalate

7,9-Di-tet-butyl-1-oxaspiro[4,5] deca – 6, 9-diene-2,8-dione 

Ethanol, 2-[octadecyloxy]

A-D-Glucopyranoside, methyl-2-[acetylamino]-2-deoxy-3-O-

[trimethylsillyl]-,cyclic methyl bronate

Octadecane, 1-|2-[hexadecyloxy]ethoxy|-

15,17,19,21- Hexatriacontatetrayne

|5-[3-methoxymethoxy-10,13-dimethyl-2,3,4,9,10,11,13,14,15,16,17-

dodecahydro-1Hcyclopenta|a|[phenanthren-17-yl]-hex-1-ynul|-trime

2-Trifluoroacetoxyteradecane

Trichloroacetic acid, hexadecylester

P-Xylenolpthalein

Lanceol, cis-

Napthalene,1,2,3,4,4a,5,6,8a-octahydro-7-methyl-4-4methylene-1-

[1-methylethyl],[1α,4aβ,8aα]-

2,6,10-dodecatriene-1-ol,3,7,11-tromethyl-acetate,[E,E]- 2,6,10-

dodecatriene-1-ol,3,7,11-tromethyl-acetate,[E,E]- 

2-napthalenemethanol,decahydro-α, α, 4a-trimethyl-8-methylene-

,|2R-[2α,4aα,8aβ]|-
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Table 2. Comparison of chemical compounds present in experimental plants

+: present
-: absent
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Introduction  

 Cotton is a cultivated crop in about 70 

countries worldwide [1]. Over 180 million people are 

directly or indirectly associated with the fibre 

industry [1]. Cotton is a member of the genus 

Gossypium of the family Malvaceae. The cultivated 

species are organized in two sections, Herbacea and 
Hirsuta. Section Herbacea includes two species, G. 

herbaceum L. and G. arboreum L. Both are diploids, 

each having a number of cultivars. The vast majority 

of cotton produced throughout the world is derived 

from cultivars of two new world species in the 

section Hirsuta, i.e. G. hirsutum and G. barbadense. 

Both the new world species are allopolyploids 

derived from hybridization between two diploid 

species. G. hirsutum varieties are grown in numerous 

countries scattered over five continents [2]. 

Cotton has the unfortunate characteristics of being 

vulnerable to many insects, and to maintain yield, 

insects are managed with large amounts of 

insecticides. For the first time, cotton leaf curl 

disease (CLCuD) was observed in severe forms at the 

seedling stage on cotton verities imported from US 

[3,4]. The incidence of the disease was as high as 
80% in these varieties [5]. By early 1990’s, CLCuD 

had become the major malady, which gave serious 

setback to cotton production in Pakistan [4,6]. The 

damage to cotton crop (G. Hirsutum) done by the 

CLCuD has been studied in Nigeria, Sudan and 

Tanzania where the disease caused a reduction in the 

number of bolls by 87.4 and 38.8% in boll weight 

and 92.2% in seed cotton yield [7,8]. 

The begomoviruses are responsible for CLCuD. The 

disease is caused by the association of beta satellite 

(previously known as DNA β) which is unique 

ssDNA satellite [9]. The characteristic symptoms of 

the disease are: curling of the leaves, dark and 

swollen veins, and enations on the undersides of 
leaves which are developed into leaf like structures 

[10,11]. Whitefly (Bemisia tabaci Gann.) is carrier 

which is responsible for the disease epidemic of 

CLCuV. 

Family Geminivirideae 

The Geminiviridae family has several 

members which infect plants and results in reduced 

yield of economically important crops [12]. All the 

members have some common features including the 

geminate morphology of the virion particle and the 

nature of their genetic material. The Geminiviruses 
gnomes have bidirectional promoted and highly 

conserved nonanucleotied sequence (TAATATTAC) 

which is part of the origin of replication of the virion 

strand. This sequence is very important due to 

presence of initiation site for rolling circle replication 

(RCR) in it [13,14,15]. 

When the Geminivirus protein accumulates 

in plant, they cause interruption in various plant 

pathways [16] which include: (1) the changes in the 

structure and functions  of plasmodesmata [17] that 

may be associated with host cell defense mechanisms 
[18,19,20], (2) the interaction among different 

proteins involved in regulating development [21], (3) 

hyperplasia [22,23], (4) up or down regulation in 

gene expression [24] and (5) the interference with the 

retinoblastoma related pathway [25,26]. 

Geminiviridae family consists of four 

genera. The family members of Geminiviridae are 

categorized on the basis of genome organization, host 

range and insect vectors. The insect vectors are 

whiteflies (genus Begomovirus), leafhoppers (genera 

Mastrevirus and Curtovirus) and treehoppers (genus 

Topocuvirus) [27].  

Review Article 

AN INSIGHT OF COTTON LEAF CURL VIRUS: A DEVASTATING PLANT PATHOGENIC 

BEGOMOVIRUS 

Mahmood-ur-Rahman*a, Khadim Hussaina, Muhammad Azmatullah Khanb, Allah Bakhshc and Abdul Qayyum Raob  

a
 Plant Research Group, Department of Bioinformatics and Biotechnology, Government College University, Faisalabad, Pakistan.  

b 
National Centre of Excellence in Molecular Biology (CEMB), University of the Punjab, Lahore, Pakistan. 

C
 Department of Field Crops, Faculty of Agriculture, Ankara, Turkey. 

*Corresponding author: mahmood1233@yahoo.com (+92-301-3967919)    

Abstract 

Genome of plant viruses consists of either RNA or DNA. DNA viruses can be categorized into two types, (1) 

circular double-stranded DNA (dsDNA), these viruses are able to replicate through the process of reverse 

transcription from RNA (the caulimoviruses and badnaviruses), (2) viruses that have circular single-stranded DNA 
(ssDNA), which replicate through a dsDNA intermediate (the Geminivirus and nanoviruses). Begomoviruses are 

whiteflies transmitted geminiviruses and infect many economically important dicotyledonous crops including cotton, 

potato, tomato, cassava and chili. Begomoviruses cause leaf curl disease in cotton. In this review article, the Cotton 

Leaf Curl Virus (CLCuV) has been introduced systematically. 

Keywords: Begomovirus, Cotton Leaf Curl Disease, Gossypium hirsutum L., Resistance management, White fly 

mailto:mahmood1233@yahoo.com


  Mahmood-ur-Rahman et al., 

53 

Curtoviruses 

Curtoviruses consist of monopartite genome 

and infect dicotyledonous plants. They encode V2 

and V1 (coat protein) on the virion - sense strand. On 

the complementary-sense strand, there are four open 

reading frames (ORFs): Rep, C2, REn and C4 [25]. 
The representative member is Beet curly top virus 

(BCTV) (Figure-1). 

Topocuviruses 

Topocuvirus is the less characterized genus 

of family Geminivirus and contain single species 

identified. They also contain a monopartite genome. 

Their genome organization is very much identical to 

curtoviruses. Tomato pseudo-curly top virus 

(TPCTV) is an example of topocuviruses genus 

(Figure-1). 

Mastreviruses    
It has a monopartite genome and principally 

infects the monocotyledonous species but some 

viruses of this genus may also infect the 

dicotyledonous plants e.g., tobacco and bean yellow 

dwarf virus (TYDV & BYDV). Moreover, they have 

two important characteristics: (1) there are two 

intergenic regions small intergenic region (SIR) and 

large intergenic region (LIR) and  presence of 80 

nucleotide long DNA sequence with a region in the 

SIR, and (2) the occurrence of a splicing event on the 

c-sense transcript of the Rep gene [28]. The examples 

of these viruses are Maize streak virus (MSV), Wheat 
dwarf virus (WDV) and Digitaria streak virus (DSV) 

(Figure-1). 

 

Begomoviruses  

Most of the begomoviruses in the New World have 

two components, DNA A and DNA B is known as 

bipartite begomoviruses. The presence of both the 

components is necessary for virus integrity and 

disease development. There are some common 

regions of two genomic components of bipartite 

begomoviruses that have motifs essential for 

regulation of gene expression and replication [29]. 
Theses motifs include conserved motifs and stem 

loop structure having the TAATATTAC sequence 

[29]. This conserved sequence is required at the 

initiation of replication [29].  

In Old World, most begomoviruses such as 

Tomato yellow leaf curl virus (TYLCV) [30], which 

have only one genomic component DNA A termed as 

monopartite begomoviruses. However, this is not the 

case for all monopartite Begomoviruses such as 

Ageratum yellow vein virus (AYVV) and Cotton leaf 

curl Multan virus (CLCuMV) [28]. CLCuMV has 
been a major cause of disease epidemics in Pakistan 

which reduced the cotton production significantly 

[10, 31]. The AYVV and CLCuMV caused infection  

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

in ageratum and cotton, respectively but the viral load 

was too low to produce typical disease symptoms in 

ageratum and cotton concluding that an additional 

component might be essential for disease causing and 
beta satellite (previously known as DNA β) was 

found to be important in symptom production [32]. 

 

Figure-1. The genome organisation of representative members 

of the four Geminivirus genera. (i) MSV; Maize streak virus, (ii) 

BCTV; Beet curly top virus, (iii) TPCTV; Tomato pseudo-curly top 

virus, (iv) ACMV; African cassava mosaic virus, (a) ACMV A, (b) 

ACMV B, (c) ToLCV; Tomato leaf curl virus. C: Curved arrows 

indicate open reading frames, diverging in the complementary, V: 

the virion, IR: an intergenic region, LIR: a long intergenic region, 

CR: a common region, MP: movement protein, CP: coat protein, 

TrAP: transcription activator protein, REn: replication enhancer 

protein, NSP: nuclear shuttle protein. The plus strand rolling circle 

replication initiation site (TAATATTAC) is situated within the loop 

of a stem-loop structure which is indicated within each genus. The 

bidirectional transcription initiates in the long intergenic region and 

terminates in the short intergenic region (SIR), which contains 

signals for polyadenylation in mastreviruses. 
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Dry et al., [33] isolated ssDNA component from 

tomato infected with tomato leaf curl virus (ToLCV), 

a begomovirus. It was the first time when a satellite 

DNA was discovered associated with DNA viruses. 

This component is associated with ToLCV and in 

combination, it is responsible for systemic 
movement, replication and insect transmission. It has 

a stem loop sequence which contains the conserved 

TAATATTAC sequence, a typical Geminivirus but 

no extended open reading frames [34]. Another major 

advance occurred when ssDNA component of 

approximately half the size of the Begomovirus 

component (1376 nucleotides) was isolated from 

cotton infected with CLCuMV [34]. The similar 

results were obtained in association with AYVV in 

infected ageratum [35]. So, it was suggested that the 

monopartite viruses are the ancestors of bipartite 

viruses and the bipartite begomoviruses might have 
evolved from a monopartite virus by component 

duplication (Figure-1). 

Cotton leaf curl disease (CLCuD) 

History 

Cotton Leaf Curl Disease, a viral disease of 

cotton, was first reported in 1912 from Nigeria [36]. 

Later on it was reported from Tanzania in 1926 [37] 

and from Sudan in 1934. In Pakistan, Cotton Leaf 

Curl Disease (CLCuD) was first time noticed near 

Multan in 1967 [38]. Due attention was not paid to 

the disease at the beginning because of its un-noticed 
economic loss to the crop. Since 1987 it has become 

a major threat to the cotton crop of Pakistan [39]. 

Mubin et al., [40] reported the nucleotide 

sequences and phylogenetic analyses of the 

Begomovirus disease complex in association with 

yellow vein disease of Digera arvensis. It has 98% 

sequence identity with Cotton leaf curl Rajasthan 

virus (CLCuRV). They also identified two 

betasatellite species in D. arvensis. This discovery 

indicates that weeds can be important sources of 

multiple Begomovirus components that affect crop 

plants and suggested that weeds are likely vessels for 
recombination and evolution of components of 

Begomovirus complexes. 

Etiology  

 Although the most attention is attracted by 

Cotton Leaf Curl Disease (CLCuD) from the late 

1980s to the early 1990s, various other crops and 

weeds (tomato, pepper, cucurbits, legumes, ageratum, 

croton, Eclipta prostrate, croton and nightshade) also 

showed the symptoms very similar to those caused by 

viruses [41,42,43,44]. 

A Begomovirus associated with cotton leaf curl 

disease 

 The Begomovirus genus has more than 70 

members which are transmitted by the whitefly 

(Bemisia tabaci). The whitefly infects only 

dicotyledonous plants. Cassava mosaic virus (CMV), 

a representative member of begomovirus is the most 

dangerous virus responsible for the low yield in 

South and Central Africa [45,46]. Another example is 

a tomato yellow leaf curl viruses (TYLCVs), which is 

a serious problem with tomato across the 
Mediterranean region [47,48], Caribbean [49], 

Florida [50]. The finding that whitefly (B. tabaci) 

transmits specifically CLCuD led researchers to 

conclude that a Begomovirus might cause the 

disease. The associated Begomovirus with CLCuD 

was named Cotton leaf curl virus (CLCuV). 

DNA components required for induction of cotton 

leaf curl disease 

 The genomes of the majority of 

Begomoviruses consist mainly of two ssDNA 

molecules, DNA A and DNA B [51,52]. The DNA A 

encodes viral functions required for replication [53], 
regulation of gene expression as well as the coat 

protein, which is important in insect transmission 

[54]. The component DNA B encodes two proteins 

involved in virus movement within plants [53,55] and 

for the bipartite begomoviruses, their products are 

symptom determinants [56,57]. All the viral products 

required for replication, gene expression, whitefly 

transmission, and systemic infection are encoded in 

DNA A [30,58]. The products responsible for cellular 

movements within and between cells are encoded by 

DNA B [55]. Genomes of some begomoviruses 
consist of just a single component, equivalent to 

DNA A of the bipartite viruses which performs all 

the functions of replication, transcription regulation, 

encapsidation and movement. 

Symptoms of CLCuD  

The most characteristic symptoms of this 

disease include leaf curling, vein swelling, vein 

darkening, and enations on the veins on the underside 

of leaves, which are frequently developed into leaf-

like structures [10]. Infected plant has stunted young 

leaves and shoots. The growth is very slow, becomes 

bushy, and dwarfed. The leaf margin rolls either 
inward or upward and they are stiff with yellowish 

margin. The leaves are thicker than normal, with a 

leathery texture. The young leaves have a yellowish 

color, cupped, thick, and rubbery (Figure-2). 

Inheritance of CLCuV resistance  

Ali [59-60] was of the opinion that the 

CLCuV resistance is controlled by a single dominant 

gene and can be transferred to any cultivar by using 

back cross technique. According to Knight [61], a 

single mass selection in a moderately resistant 

population was reported to have produced a highly 
resistant type. According to Tarr [62], the virus 

resistance may not always be a stable quality. It was 

suggested by Hutchinson and Knight [63] that the 

breeding of resistant types has been accomplished by 
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the accumulation of minor genes by repeated 

selection. Later, Siddig [64] found that the resistance 

may be due to a single dominant gene. 

 

Wilson and Brown [65] studied the inheritance of 

CLCuV infection in cotton. The results indicated that 
factors controlling symptoms/expression were 

inherited as duplicate factors and that the susceptible 

phenotype (genotype c1c1 c2c2) was recessive to the 

phenotype i.e., resistant phenotype (genotype c1- c2-

), which mean that at least one dominant gene must 

be present in a genotype for resistance to CLCuV. 

 

Ali [59] studied the inheritance of CLCuV resistance 

in upland cotton and reported that resistance was 

monogenic and dominant in nature. Mansoor et al., 

[34] reported that cotton genotypes, susceptible to 

CLCuV accumulated several fold higher level of viral 
DNA as compared to the tolerant varieties. 

Resistance management strategy 

The easiest and cheapest method of controlling plant 

disease is the development of resistant variety [66,67] 

and good management practices [68,69] and they are 

the only permanent solution to the problem [70]. 

During the last several years, considerable efforts 

have been made by different research organizations 

to develop CLCuV resistant cultivars. For a 

successful breeding program, a reliable screening 

technique is necessary to identify genetic resources 
[70,71]. CLCuV could be managed by growing 

arboreum cotton in disease affected areas. The 

resistance is controlled by a single gene and can be 

transferred to any cultivar by a back-cross technique 

[72]. 

 

Most of the cotton materials are susceptible to 

CLCuV infection. However, their level of 

susceptibility varies [71,72,73]. Some genotypes are 

easily infected while others are harder to infect and 

has slow disease development, especially those 

materials developed through radiation. The problem 
should not be considered solved, because four 

variants of CLCuV have been shown to exist in the 

field [44]. Multiple infection of CLCuV and other 

whitefly-transmitted Geminiviruses (WTGs) in 

cotton and other cotton growing areas are prevalent, 

therefore, chances of recombination among them and 

other WTGs do exist, which may lead to the 

emergence of new, more virulent and resistant 

breaking variants [74]. The results of this study 

suggest that preference should be given to those 

plants that exhibited highly resistant responses after 
artificial inoculation. Meanwhile, the search for 

immune materials (through artificial inoculation) 

should continue.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Prevention and control measures  

 

1. Use only resistant cultivars which can tolerate the 

disease 

2. The seedlings should be protected from whiteflies 

3. Use only good quality seeds and healthy 

transplants 

4. The whiteflies should be controlled 

5. Infected plants should immediately be removed 

and disposed of 
6. Control weeds 

7. Do not grow cotton near tomato and/or other crops 

susceptible to begomoviruses. 

8. Practice crop rotation by planting crops that are not 

host of begomoviruses. 
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Cotton leaf curl virus (CLCuV) is the causal agent of the damaging disease of cotton that is caused by 
number of begomaviruses and vectored by silver leaf whitefly. In the present study, an attempt was 
made by infecting Gossypium arboreum variety 786, its wax mutant GaWM3 along with Gossypium 
hirsutum MNH-93 with viruliferous whiteflies. The presence of symptoms on leaves and amplification by 
PCR for virus in G. hirsutum MNH-93 and wax mutant GaWM3 but not in G. arboreum variety 786 clearly 
determined the presence of virus in G. hirsutum MNH-93 and wax mutant GaWM3 but not in G. 
arboreum variety 786. The results indicate that wax may act as physical barrier and provide hindrance 
in transfer of virus by whitefly. 
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INTRODUCTION 
 
Cotton is the most significant fiber crop that shares 60% 
of the total fiber of the world (Chachral et al., 2008). 
Cotton plays a critical role in Pakistan’s economy. 
Although, it is a non food crop, it earns significant foreign 
exchange. It contributes 8.6% of the value added in the 
agriculture and 1.8% to the GDP of the country. The 
genus Gossypium has almost 50 different species from 
which four are in agricultural use including G. hirsutum L., 
G. barbadense L., G. arboreum L., and G. herbaceum L. 
The G. barbadense and G. hirsutum are tetraploid, while 
the rest two are diploid (Sakhanokho et al., 2004). G. 
hirsutum is the most widely grown and contribute to 80% 
of the total cotton production in the Asia. 

Plant pathogenic viruses are the major hindrance in 
increasing yield and productivity of plants in the warmer 
parts of the world. Most of the viral diseases belong to 
the viral family Geminiviridae and are transmitted by the 
members of the phylum Arthropoda (Ilyas et al., 2010). G. 
hirsutum is very susceptible to the Gemniviruses - cotton 
mosaic virus (CotMV), cotton leaf crumple  virus  (CLCrV) 
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and cotton leaf curl virus (CLCuV) in natural conditions 
(Sharma et al., 2004). Between 1992 to 1993 the CLCuV 
has become a serious threat to cotton and hence a threat 
to economy of Pakistan. It was the first severe alarming 
epidemic of CLCuV (Hameed et al., 1994). At plant level, 
the first and foremost physical barrier in plant pathogen 
interaction is epicuticular wax (Carver and Gurr, 2006). 
Epicuticular wax not only hinders the bacteria and fungi 
but also create a first line of defense against insects 
(Eigenbrode and Espelie, 1995). Wax may change the 
wanderer for feed for insects example, in wax deficient 
pea mutants the aphid spent more time on the pea plants 
(Chang et al., 2004). Asiatic G. arboreum is resistant to 
CLCuV and it has two fold higher waxes compared to G. 
hirsutum (Zafar et al., 2003).  

In present study, a wax deficient mutant GaMW3 from 
G. arboreum were utilized which have 50% less wax than 
Asiatic G. arboretum (Khan, 2010). The idea behind this 
study was to test these mutant plants for their 
susceptibility against virus. Rolling circle amplification 
(RCA) method has been used to detect the CLCuV in 
cotton plants. This method has the advantage that the 
prior knowledge of DNA sequence is not required for 
making the primer instead random   hexamer  primer  are 
used (Liu et al., 1996). The RCA has authentic  sequence 



 

 
 
 
 
specificity and allow unambiguous identification of the 
DNA. 
 
 
MATERIALS AND METHODS 
 
Sowing of seeds 
 
The wax mutant seeds of GaWM3 were obtained from “Plant 
Genomic Laboratory” of “Center of Excellence in Molecular Biology 
(CEMB)” developed by Khan et al. (2010). The mutants have 50% 
deficiency in epicuticular wax as compared to their ancestors. In 
this experiment, GaWM3 plants of cotton were chosen as a test 
plant. MNH-93 was selected as CLCuV positive control, while G. 
arboreum variety 786, was selected as negative control because it 
has 50% more wax as compared to test plants and is resistant to 
CLCuV. Five seeds of each of varieties GaWM3, MNH-93 G. 
arboreum variety 786 (parent variety) were sown in each pot. Each 
set of plants was sown in 3 replications. The germinated plants 
were thinned and only one plant was kept in each pot on the 
approach of six leaf stage. The pots were placed in green house at 
±30°C and at 80% humid condition of green house. Each pot was 
covered with net cage which has the size 2 × 2 × 4 feet and the 
mesh size of the net cloth was 32 through which whitefly cannot 
pass as shown in Figure 1. 

 
 
Collection of whiteflies and infection on experimental plants  
 
For making the plants infected with CLCuV it was necessary to 
collect the infected whiteflies. The whiteflies were collected from the 
cotton field of CEMB. Whiteflies were caught with the help of 
manmade whitefly respirator. The whiteflies that were caught by 
respirator were then released to already infected G. hirsutum MNH-
93 in net cages for 48 h. This step was taken to get the viruliferous 
whiteflies that contained CLCuV. After 48 h, the viruliferous 
whiteflies were re-caught from the net cages of G. hirsutum MNH-
93 plants and were kept at 4°C for 4 h to make them starve. The 
starved whiteflies were then allowed to feed and infect by releasing 
them in the cages of GaWM3, MNH-93 and 786 plants. 
 
 
Rolling circle amplification (RCA) 
 

DNA was extracted from whiteflies after three days of incubation 
according to Lifton buffer method and from plants by CTAB method 
(Doyle and Doyle, 1990). In rolling circle amplification 4 µL of 
template DNA of whiteflies, G. arboreum variety 786, G. hirsutum 
variety MNH-93 and GaMW3 having concentration 50 ng/µL and 10 
mM dNTPs were used. 2 µL of hexamer primer (Fermentas Cat # 
SO142) having concentration 0.2 µg/µl were used along with 10 x 
φ29 DNA polymerase enzyme (Fermentas Cat # EP 0091) DNA 
polymerase buffer in a concentration of 2 x. The total reaction mixer 
was planned for 20 µL, so 8 µL water was used for the total volume 
was 18 µL. The reaction mixer was centrifuged and it was placed at 
94°C for 3 min. After 3 min mixer was gradually cooled to 30°C and 
the 1 µL of pyrophosphatase (Fermentas Cat # EF 0221) having 
concentration 0.02 U/µL and 1 µL of φ29 DNA polymerase enzyme 
was added. The reaction mixer was centrifuged again and then it 
was placed at 30°C for 16 to 18 h. After 18 h the PCR tubes were 
placed at 65°C for 10 min and gradually cooled. 2 µL of the RCA 
products was used for agarose gel electrophoresis.  
 
 
Polymerase chain reaction (PCR) amplification 

 
RCA   product   was  used  as  a  template  for  amplification  of  the  
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CLCuV. 

The DNA templates of plants which were RCA positive were 
diluted in a ratio of 2:28 (RCA product and water) and the DNA 
templates of plants which gave negative RCA results were not 
diluted and directly used as template in PCR reaction. In the PCR 
amplification, 2.5 µL of template was used, 2.5 µL of 10X PCR 
buffer (Fermentas Cat # B34), 2.5 µL of 2 mM dNTPs, 1.5 µL of 
MgCl2 (Fermentas Cat # R0971), 0.5 µL of 10 pmol forward primer 
(5’ACGCGTGCCGTGCTGCTGCCCCCATTGTCC3’), 0.5 µL of 10 
pmol forward primer (5’ACGCGTATGGGCTGYCGAAGTT 
SAGAC3’) and 0.25 µL of 5 U Taq polymerase enzyme (Fermentas 
Cat # EP0071) were used. 14.75 µL deionized distilled water was 
used to make the final volume of reaction mixture 25 µL. The 
following thermocycler condition was used. 
 
 HOLD 1 HOLD 3 HOLD 2 

94°C 94°C 

50°C 

72°C 72°C 

4°C 

05:00 01:00  

02:00 

10:00 

 ∞ 

03:00 

35 Cycles 

 
 
The PCR amplification was checked using agarose gel 
electrophoresis. 0.8% of agarose gel was prepared in 1xTAE buffer 
and ethidium bromide with a concentration of 0.5-1 µg/ml was 
added. 5µL of PCR product along with 2 µL of 6X loading dye was 
loaded on gel and run at 80V for 1 hour. 
 
 
Restriction analysis of RCA product 
 
The RCA product from cotton plants template were further used to 
analyze the component it contained. For this purpose, the 5 µL of 
RCA product was used to digest with 0.5 µL of Eco R1 (Fermentas 
Cat # ER0271) enzyme. In this reaction, 1 µL of Eco R1 enzyme 
buffer was also added and finally 3.5 µL water was added to make 
the final volume 10 µL of the reaction. The result of the digestion 
was examined by agarose gel electrophoresis and visualized in the 
Gel documentation system. 

 
 
RESULTS 
 
Symptoms on the plants  
 
The most severe attack of virus was observed on G. 
hirsutum MNH-93 plants that were used as positive 
control in this experiment. The growth was stunted and 
typical symptoms of CLCuV appeared on the leaves. The 
leaves were curled upward and bear leaf like enation. On 
underside of the leaf the veins appear very thick. The 
wax mutant GaWM3 plants showed almost similar 
behavior as G. hirsutum MNH-93 plants but the 
symptoms are slightly different than those of G. hirsutum 
MNH-93 as the texture and shape of the leaf is different. 
Most strikingly, the upward curling of leaves and vein 
thickening was  also  observed  in  these  plants.  On  the 
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Figure 1. Plants after incubation of whiteflies (A) Wax mutant GaWM3 
showing symptoms of upward curling (B) Gossypium arboreum - 786 
have no symptoms on it while (C) Gossypium hirsutum - MNH 93 
showing severe leaf curling, enation and thickening of leaf veins.  

 
 
 

other hand, the G. arboreum variety 786 plants which 
were used as negative control showed the normal growth 
and remained asymptomatic. The comparison among the 

leaves of wax mutant GaWM3, G. arboreum variety 786 
and G. hirsutum MNH-93 is shown in Figures 1 and 2; the 
leaves of G. hirsutum MNH-93 and wax  mutant  GaWM3
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Wax Mutant 

GaWM3 

Gossypium 

arboreum -786 

Gossypium hirsutum 

MNH 93 

 
 
Figure 2. Comparison of leaf symptoms of all three types of experimental plants. Wax mutant GaWM3 and Gossypium hirsutum 
MNH 93 shows upward curling of leaf and thickening of leaf veins, while these symptoms are absent in Gossypium arboreum -
786. 

 
 
 

M      1       2       3       4       5      6        7      M     8       9      10 M      1        2       3      4       5       6       7      M      8       9     10  

RCA Product 

 
 
Figure 3. RCA product from whiteflies DNA that incubated on different plants. M is 1Kb DNA Ladder. Lane 
1 showing positive control, Lane 2, 3 &4 showing Wax mutant GaWM3. Lane 5, 6 & 7 showing Gossypium 
hirsutum MNH-93 while lane 8,9,10 showing Gossypium arboreum -786 plants.  

 
 
 

plant showed upward curling which is absent in the leaf of 
G. arboreum variety 786 plant. 
 
 
RCA from viral DNA 
 
All replicates of the wax mutant GaWM3 and G. hirsutum 
MNH-93 gave positive results for RCA product. The 
positive control plants of G. hirsutum MNH-93 gave 

positive RCA product but no RCA product was found in 
negative control G. arboreum variety 786 plants (Figures 
3 and 4). 
 
 
PCR amplification of RCA product  
 
The amplification of virus genome was done by using 
viral genome specific primers. The  2.7 kb  fragment  was
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M       1        2        3       4        5                                    6         M         7         8          9  

RCA  Product 

RCA  

 Product 

 
 
Figure 4. RCA product from different cotton plants. M is Lambda Hindi III DNA Ladder. Lane 1, 2, 3 showing Wax mutant GaWM3. 
Lane 4, 5, 6, showing Gossypium hirsutum MNH-93 while lane 7, 8, 9 showing Gossypium arboreum -786 plants.  

 
 
 

M    1      2     3     4     5     6      7    8      9    10   11  12   13   14   15          M      16      17      18 

2.75 kb 

2.75 kb 

 
 
Figure 5. Full length virus amplification from whiteflies DNA incubated on different plant samples. M is 1Kb DNA Ladder. Lanes 1 to 3 
shows wax mutant GaWM3 cotton plants; lanes 4, 5 and 6 shows Gossypium hirsutum MNH-93, while lanes 7, 8 and 9 shows 
Gossypium arboreum -786 plants. Lanes 10, 11 and 12 shows whiteflies on Wax mutant GaWM3; Lanes 13,14 and 15 shows whiteflies 
on Gossypium arboreum -786 plants, while lane 16,17 and 18 shows whiteflies on Gossypium hirsutum MNH-93. 
 
 
 

amplified from RCA product of whiteflies, G. hirsutum 
MNH-93 plants and wax mutant GaWM3 plants but no 
amplification was observed in G. arboreum variety 786 as 
shown in Figure 5. 
 
 
Digestion of RCA product with ECO R1 enzyme 
 
The RCA products of wax mutant GaWM3 plants and G. 
hirsutum MNH-93 plants were digested with help of Eco 
R1 enzyme. The digested product was visualized on gel 
(Figure 6) along with 1 kb DNA ladder “M”. The Figures 
show the undigested RCA product at top and 2.75 kb full 

length viral DNA beneath it in all samples. In sample 1, 2 
and 4 there is a band of 1.35 kb β DNA of satellite virus.  
 
 
DISCUSSION 
 
Insects are the main vectors that transmit the virus in 
plants (Rubinstein and Czosnek, 1997). The whitefly 
transmits begomoviruses to many plants including cotton 
(Nateshan et al., 1996). In cotton, whitefly transmit 
several viruses including cotton leaf curl virus, cotton leaf 
crumple virus and cotton mosaic virus (Sharma et al., 
2004). The experimental plants, the wax mutant“GaWM3”,

M 1 2 3 4 5 6 M 7 8 9  
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2.75 kb 

RCA Product 

 
 
Figure 6. Digestion of RCA product with Eco R1 enzyme. M is the 1 kb ladder. Lanes 1, 2 
and 3 shows wax mutant GaWM3, while lanes 4, 5 and 6 shows Gossypium hirsutum 
MNH-93. 

 
 
 

G. arboreum and G. hirsutum, were incubated with 
viruliferous whiteflies for 48 h. For making whiteflies 
viruliferous, they were allowed to acquire virus for 48 h 
from infected plants of G. hirsutum as this is the 
acquisition time reported by Brown and Nelson (1988). 
The whiteflies were then incubated with experimental 
plants as they remain viruliferous for 3 days (Cohen and 
Berlinger, 1986) for CLCuV transmission.  

When the wax mutants GaWM3 were incubated with 
viruliferous whiteflies, they produced the symptoms of 
cotton leaf curl disease (CLCuD) having upward curling 
of leaves and thick enations. These symptoms resembles 
to the symptoms of CLCuD as reported by Briddon and 
Markham (2000) on G. hirsutum plants. It may be due to 
deficiency of wax which makes them susceptible against 
attachment of whiteflies for transmission of virus as 
suggested by Eigenbrode (2004) that wax crystals 
contaminate the insects pad surface, thus creating 
hindrance in contact of insect with plants. In some plants, 
the major component of wax is triterpenoids which give 
the wax to its slippery characteristics (Bass and Fidgor, 
1978) and cause difficulty for insect to get attached with 
plants. However, in most of the plants the wax makes the 
surface rougher and reduces the potential surface area 
required for adhesion between the insects’ pads and 
plants. Neglecting all other factors if only there is rough 
surface, there is decrease in attachment of chrysomelid 

beetle (Gastrophysa viridula Degeer). So, presence or 
absence of wax plays an important role in insect behavior 
to plants (Eigenbrode et al., 1999). 

The presence of virus as confirmed by amplification of 
virus DNA both in whiteflies, G. hirsutum MNH-93 and 
mutant confirm the assumption by Eigenbrode and 
Espelie (1995) who reported that decrease in epicuticular 
wax increased the insect attack on the plants as 
decrease in wax percentage ease the insects to feed 
upon them. For example Phyllotreta sp. attacks on the 
Brassica oleracea increased by decreasing the 
epicuticular wax (Stoner, 1990). Bodnaryk (1992) studied 
the efficacy of Phyllotreta sp. to attack on the same 
species Brassica napus and found that the decrease in 
wax increase the insect infestation on it as it was in 
Brassica oleracea. Similar results were found when 
Eigenbrode et al. (2000) found that Phyllotreta sp. attack 
more on Brassica napus when there is decrease in 
epicuticular wax. 

Eigenbrode and Kabalo (1999) produced four mutant 
plant of B. oleracea having different percentage of wax 
and studied the effect of wax of attachment and predation 
of Hippodamia convergens. They found that the H. 
convergens spend more time on mutant plant and less on 
the normal plants. Epicuticular wax appears to interfere 
with parasitoid foraging behavior. Same results were 
reported   by    Rutledge   et  al.  (2003)  in  field  that  the  
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parasitism of the pea aphid by Aphidus ervi is higher on 
plants having reduced epicuticular wax and by White 
(1998) in laboratory experiment (Chang et al., 2004).  
 
 
Conclusion  
 
Virus diseases of cotton have historically been of only 
sporadic importance to global cotton production. Under 
changing conditions this pathogen (cotton leaf curl virus) 
has emerged as a serious problem in Pakistan and India. 
In the present study, it was found that 50% reduction in 
wax (in the leaves of GaWM3 plants) made possible for 
the whiteflies to transmit CLCuV and they produced 
symptoms of CLCuD. Taking into account that whitefly 
cannot transmit CLCuV in G. arboreum (Zafar et al., 
2003), it was concluded that wax act like barrier in 
hindering the CLCuV transmission in Cotton.  
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Study and research of Bt (Bacillus thuringiensis) transgenic plants have opened new
ways to combat insect pests. Over the decades, however, insect pests, especially
the Lepidopteran, have developed tolerance against Bt delta-endotoxins. Such issues
can be addressed through the development of novel toxins with greater toxicity
and affinity against a broad range of insect receptors. In this computational study,
functional domains of Bacillus thuringiensis crystal delta-endotoxin (Cry1Ac) insecticidal
protein and vegetative insecticidal protein (Vip3Aa) have been fused to develop a
broad-range Vip3Aa-Cry1Ac fusion protein. Cry1Ac and Vip3Aa are non-homologous
insecticidal proteins possessing receptors against different targets within the midgut
of insects. The insecticidal proteins were fused to broaden the insecticidal activity.
Molecular docking analysis of the fusion protein against aminopeptidase-N (APN) and
cadherin receptors of five Lepidopteran insects (Agrotis ipsilon, Helicoverpa armigera,
Pectinophora gossypiella, Spodoptera exigua, and Spodoptera litura) revealed that the
Ser290, Ser293, Leu337, Thr340, and Arg437 residues of the fusion protein are involved
in the interaction with insect receptors. The Helicoverpa armigera cadherin receptor,
however, showed no interaction, which might be due to either loss or burial of interactive
residues inside the fusion protein. These findings revealed that the Vip3Aa-Cry1Ac fusion
protein has a strong affinity against Lepidopteran insect receptors and hence has a
potential to be an efficient broad-range insecticidal protein.

Keywords: Vip3Aa, Cry1Ac, fusion protein, Lepidopteran, homology modeling, molecular docking

INTRODUCTION

Cotton (Gossypium hirsutum) is among the most important crops worldwide, cultivated in more
than 80 countries. In addition to the use of cotton in the textile industry, it also has applications in
the seed-oil, paper, fertilizer and livestock feed industries (Palle et al., 2013). Despite its importance,
there are many threats to cotton production, including weeds, insect pests, drought and cotton leaf
curl virus (CLCuV). The most severe are insect pests and CLCuV.

According to a 2013-2014 report by Cotton—Statista, the world’s top four cotton-producing
countries are China, India, USA and Pakistan, which together produce approximately two-thirds
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Chloroplast localization of Cry1Ac and Cry2A
protein- an alternative way of insect control in
cotton
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Abstract

Background: Insects have developed resistance against Bt-transgenic plants. A multi-barrier defense system to weaken
their resistance development is now necessary. One such approach is to use fusion protein genes to increase resistance
in plants by introducing more Bt genes in combination. The locating the target protein at the point of insect attack will
be more effective. It will not mean that the non-green parts of the plants are free of toxic proteins, but it will inflict
more damage on the insects because they are at maximum activity in the green parts of plants.

Results: Successful cloning was achieved by the amplification of Cry2A, Cry1Ac, and a transit peptide. The appropriate
polymerase chain reaction amplification and digested products confirmed that Cry1Ac and Cry2A were successfully
cloned in the correct orientation. The appearance of a blue color in sections of infiltrated leaves after 72 hours confirmed
the successful expression of the construct in the plant expression system. The overall transformation efficiency was
calculated to be 0.7%. The amplification of Cry1Ac-Cry2A and Tp2 showed the successful integration of target genes into
the genome of cotton plants. A maximum of 0.673 μg/g tissue of Cry1Ac and 0.568 μg/g tissue of Cry2A was observed in
transgenic plants. We obtained 100% mortality in the target insect after 72 hours of feeding the 2nd instar larvae with
transgenic plants. The appearance of a yellow color in transgenic cross sections, while absent in the control, through
phase contrast microscopy indicated chloroplast localization of the target protein.

Conclusion: Locating the target protein at the point of insect attack increases insect mortality when compared with
that of other transgenic plants. The results of this study will also be of great value from a biosafety point of view.

Keywords: Chloroplast transient peptide, Cry1Ac, Cry2A, Bt, cTP, Cry genes, Endotoxins, GUS, Transgenic plants
Background
The discovery of the insecticidal effects of Bacillus
thuringiensis in the early 20th century has allowed for
the development of new pest insect control methods. The
Cry proteins solubilize in alkaline pH (9–12) following
ingestion, and protoxins are then released. The protoxins
are activated by specific enzymes in the midgut and bind
to specific receptors in the microvilli of columnar cell
apical membranes in lepidopteran insects [1]. The effect
of Bt proteins is highly specific to certain insect species,
and they are nontoxic to beneficial insects and animals
* Correspondence: qayyumabdul77@yahoo.com
1National Center of Excellence in Molecular Biology, University of the Punjab,
Lahore 53700, Pakistan
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[2]. Their relative safety for the environment, animals,
humans, fishes, birds, and beneficial entomofauna is of
great significance [3].
Transformation of these crystal protein (Bt) genes in

plants, especially cotton, has been carried out for many
years [4]. This limits the application of environmentally
devastating pesticides. Bacillus thuringiensis (Bt) crystal
proteins have attracted extensive attention as insecticidal
molecules [5]. The reduction in pesticide application, up
to 70%, has been documented in Bt cotton fields in India
resulting in a saving of up to US$30 per ha in insecticide
costs and an 80–87% increase in harvested cotton yield [6].
Cloning and transformation of various Bt genes have

been done in higher plants but the resulting transgenic
plants show lower insecticidal activity as insects develop
l. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
g/publicdomain/zero/1.0/) applies to the data made available in this article,

mailto:qayyumabdul77@yahoo.com
http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/publicdomain/zero/1.0/


Biologia 70/10: 1273—1283, 2015
Section Botany
DOI: 10.1515/biolog-2015-0147

Review

An overview of phytochrome: An important light switch and
photo-sensory antenna for regulation of vital functioning of plants
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Abstract: Plants are the primary source of nutrition and essential to maintain life on earth. They have evolved very delicate
and advanced photo–sensory antennae to sense their outer environment and transduce the received information for their
growth and development accordingly. This “light switch” phenomenon of plants has slowly being unraveled and various
plant photoreceptors, their role in downstream molecular signaling, mutual interaction, response to circadian cycle and
light signals have been discovered. The photosensory antennae in plants; phytochromes, cryptochromes and phototropins
play a very crucial role in sensing the ambient light intensities. By direct interaction with the environment through these
photosensory antennae, plants shift their homeostasis to regulate their growth and development. The phytochrome light
receptors of plants are responsive to R/FR light and by inducing signaling pathways, trigger the physiological responses such
as germination and flowering. The phytochromes also directly contribute to plant development by affecting its photosynthetic
rate. To elucidate the role of phytochromes in plant metabolism, this review will focus on the importance of phytochromes,
their mechanism of action and their application as an emerging field in plant biology.

Key words: phytochrome; far red light; plant physiology; crop yield.

History of phytochrome’s discovery

Light plays an enormous impact on the “life on earth”
and hence is the main regulator of growth and reproduc-
tion of producers (plants) in the food chain. Plants have
evolved their physiological and metabolic responses to
adjust with the unstable light intensities and duration
of the day. Light dependency of higher and lower plants
varies in terms of photoperiodism, photomorphogene-
sis and photosynthesis (Rausenberger et al. 2010). The
molecular biochemistry and the signaling pathways in-
volved in light–driven phenomenon of plant growth reg-
ulation are very much complicated. Plants capture light
by special sensing structures called the phytochromes
to mediate their light dependent growth and regula-
tion. The most important finding regarding photore-
ception pigments was the discovery of phytochrome as
a light–capturing antenna and the importance of red
light in promoting germination of plants (Hendricks et
al. 1959). After the first discovery on light–driven or-
ganic complex formation made by Priestley in 1772,
progressive research on role of phytochromes in pho-
totrophic movements by blue light (de Carbonnel et
al. 2010), de–etiolation, seedling development, growth
(Franklin et al. 2010), flowering and crop yield have

been conducted (Craufurd et al. 2009). The pigment
“Phytochrome” was first identified using a spectropho-
tometer due to long wavelength mediated effect of light
on plant growth and development (Butler et al. 1959).
Plants are not the only organisms to use photosensors
for light induced signaling. Cyanobacteria (Synechocys-
tis sp.) (Li et al. 2011), bacteria (Deinococcus radiodu-
rans, Agrobacterium tumefaciens, Rhodopseudomonas
palustris) and fungi (Aspergillus nidulans) (Endo et
al. 2005) are some non–plant organisms to use phy-
tochromes for various activities (Rockwell et al. 2006).
Soon, it was established that different type of phy-
tochrome genes are present in different plants. For ex-
ample, five different types of phytochrome genes were
identified in Arabidopsis thaliana (Phy A–E), seven
in Solanum lycopersicum (Phy A–G), three in Oryza
sativa (Phy A–C) and six in Zea mays (PhyA1, PhyA2,
PhyB1, PhyB2, PhyC1 and PhyC2) (Takano et al. 2005;
Ádám et al. 2013; Velez-Ramirez et al. 2014; Borucka
et al. 2012). The phytochrome-like gene of Deinococ-
cus radiodurans is involved in regulating the produc-
tion of light-protective pigments (Wagner et al. 2005).
The phytochrome family in cyanobacteria constitutes
as many as upto 15 cyanobacteriochrome (CBCR) even
in single species. Some CBCR (influenced by far-red
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Abstract 

Background: Cotton yield has been badly affected by different insects and weed competition. In Past Application of 
multiple chemicals is required to manage insects and weed control was achieved by different conventional means, 
such as hand weeding, crop rotation and polyculture, because no synthetic chemicals were available. The control 
methods shifted towards high input and target-oriented methods after the discovery of synthetic herbicide in the 
1930s. To utilise the transgenic approach, cotton plants expressing the codon-optimised CEMB GTGene were pro-
duced in the present study.

Results: Local cotton variety CEMB-02 containing Cry1Ac and Cry2A in single cassette was transformed by synthetic 
codon-optimised 5-enolpyruvylshikimate-3-phosphate synthase gene cloned into pCAMBIA 1301 vector under 
35S promoter with Agrobacterium tumifaciens. Putative transgenic plants were screened in MS medium containing 
120 µmol/L glyphosate. Integration and expression of the gene were evaluated by PCR from genomic DNA and ELISA 
from protein. A 1.4-kb PCR product for Glyphosate and 167-bp product for Cry2A were obtained by amplification 
through gene specific primers. Expression level of Glyphosate and Bt proteins in two transgenic lines were recorded 
to be 0.362, 0.325 µg/g leaf and 0.390, 0.300 µg/g leaf respectively. FISH analysis of transgenic lines demonstrates 
the presence of one and two copy no. of Cp4 EPSPS transgene respectively. Efficacy of the transgene Cp4 EPSPS was 
further evaluated by Glyphosate spray (41 %) assay at 1900 ml/acre and insect bioassay which shows 100 %mortality 
of insect feeding on transgenic lines as compared to control.

Conclusion: The present study shows that the transgenic lines produced in this study were resistant not only to 
insects but also equally good against 1900 ml/acre field spray concentration of glyphosate.

Keywords: Glyphosate, EPSPS gene, Stable transformation, Cotton, Weeds

© 2015 Latif et al. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License 
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, 
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and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/
publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Background
Glyphosate [N-(phosphonomethyl) glycine] is a non-
selective foliar-applied herbicide that provides cheap 
control options for annual, perennial, and biennial her-
baceous species of grasses, sedges, and broad leaf weeds, 
as well as woody brush and tree species, and has been 
used for over several decades [1, 2]. Glyphosate inhibits 

5-enolpyruvyls-Shikimate-3-phosphate (EPSP) synthase 
[3]. The formation of EPSP from the enolpyruvyl moiety 
of phosphoenolpyruvate (PEP) and shikim-ate-3-phos-
phate (S3P) is catalysed by this enzyme, which is a key 
step in the production of the aromatic acids phenylala-
nine, tryptophan and tyrosine along with many impor-
tant secondary compounds, such as indole acetic acid, 
lignin and phytoalexins [4]. The enzyme 5-enolpyruvyl-
shikimate-3-phosphate synthase (EPSPS) and its pathway 
are distinctive to plants and microbes and are nontoxic to 
animals. This mode of action accounts for all commercial 
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Abstract 

A detailed survey of District Sialkot was conducted during August-October 2009-2010 to investigate the 

infestation level of Parthenium hysterophorus in the area. Three tehsils of Sialkot were selected for sampling. 53 

sites were surveyed and analyzed to evaluate the extent of infestation of P. hysterophorus. The sampling sites 

were categorized as waste lands, edges of agricultural fields, fallow lands and waterways. Maximum infestation 

of P. hysterophorus was found along roadsides which were calculated as 60%, along the crop fields its value was 

56%, in fallow lands it was 54%, in the waste lands 50% infestation was calculated while minimum infestation 

was calculated along the water channels whose value was 46%.  While studying tehsil wise infestation of P. 

hysterophorus maximum value was found in tehsil Daska which was 94.74%, in Tehsil Sialkot it was 92.31% 

and minimum value was found in tehsil Pasroor which was 91.67%.  

Keywords: Parthenium, Survey, prevalence, waste lands, field banks, fallow lands, waterways.  

 

1. Introduction 

Parthenium (Parthenium hysterophorus L., Asteraceae) is an aggressive invasive alien weed species (Kohli et 

al., 2006), native to the Americas but now widely spread in Asia, Africa and Australia (Evans, 1997). 

Parthenium is an annual herbaceous member of the Asteraceae, with a deep tap root and an erect stem that 

gradually changes into semi-woody with age. It branches itself out usually up to about 1-2 meter. It has bi-

pinnated and pale green leaves covered with soft fine hairs (Prasanta et al., 2005). Parthenium can grow and 

reproduce itself any time of the year. The weed affects not only the species diversity of native areas, but also 

their ecological integrity (Kohli et al., 2004). In Ethiopia, it was reported that individuals who remove 

Parthenium with hands in infested crops suffer from dermal allergy, fever, and asthma (Taye, 2002). It was 

reported that the photosynthetic characteristics of Parthenium leaf is mostly related to C3 type pathway and 

exhibits a photosynthesis rate of 25-35 
0
C and a high CO2 level (Pandey et al., 2003). Low temperature 

considerably reduces plant growth, mainly flowering and seed production by reducing leaf area index, relative 

growth rate, net assimilation rate, and leaf area duration (Navie et al., 1996; Pandey et al., 2003). Tamado et al., 

(2002) reported that germination of Parthenium seed occurred at the mean minimum (10 
°
C) and maximum (25 

°
C) temperatures as well as over a wide range of fluctuating (12/2 

°
C- 35/25 

°
C) temperatures. The spread of 

seeds plus their ability to remain viable in the soil for many years pose one of the most complex problems for 

control and this fact makes eradication difficult for many seed producing weeds (Monaco et al., 2001). Weed 

seeds may also move with surface water, runoff, in natural streams and rivers, in the irrigation and drainage 

channels, and in irrigating water from ponds (Monaco et al., 2001). 

The weed grows fast and comfortably on alkaline to neutral clay soils (Dale, 1981). However, its 

growth is slow and less prolific on a wide range of other soil types (Adkins et al., 2005; Rezene et al., 2005). 

Parthenium is a prolific seed producer. For example, in a highly infested field in India, a single plant produced 

200, 000 seeds/m
2
 (Joshi, 1991). The germination process of the weed involves several steps required to change 

the quiescent embryo to metabolically active embryo (Buhler et al., 2000). For a seed to germinate adequate 

water, suitable temperature and composition of gases (O2/CO2 ratio) in the atmosphere, and light should be 

available. 

The successful spread of Parthenium in so many parts of the world has mainly been attributed to its 

allelopathic properties, which enables it to compete effectively with crops and pasture species (Singh et al., 

2003; Batish et al., 2005a, b). Parthenium is considered a noxious weed because of its allelopathic effect (Kohli 

et al., 2006), its strong competitiveness for soil moisture and nutrients and the hazard it poses to humans 

(Wiesner et al., 2007) and animals (Narasimhan et al., 1977). Allelopathy has been suggested as a mechanism 

for the impressive success of invasive plants by establishing virtual monoculture and may contribute to the 

ability of particular exotic species to become dominant in invaded plant communities (Hierro, 2003). Recent 

research was conducted in order to study Prevalence, absolute frequency, relative frequency, absolute density, 

relative density and importance value of Parthenium hysterophorus and other weeds in District Sialkot and its 

surroundings.  
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ABSTRACT 

Transgene integration and expression in host plant is quite unpredictable and is 

considered as the major problem in plant transformation. The variation in transgene copy 

number in transgenic plants influences the expression level and is one of such 

complication. In many plant species, the analysis of transgenic plants has shown that 

independent transgenic plants have one to many copies of transgenes. This study focused 

on molecular characterization of difference in copy number of transgenes and its impact 

on expression level on mRNA basis. Four advanced transgenic lines of phytochrome B 

were analyzed for the integration of the gene. These transgenic lines were taken out on the 

basis of difference in copy number as determined by Southern blot analysis and 

Fluorescence in situ hybridization (FISH) for transgene expression. Results taken by both 

real time PCR and Northern blot analysis determined high expression in Line QCC11 

having two copies of transgenes in homozygous condition while the least expression was 

seen in lines QCC10 showing three copy number in heterozygous condition as multiple 

copies can be incorporated from one to few insertion sites. 

Keywords: Chromosome, Copy number, Transgenic, Plant, Transformation. 
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INTRODUCTION  

The primary photoreceptors involved in the 

regulation of red/far-red light induction are 

called phytochromes. Among phytochromes, 

phytochrome B has different domains which 

are involved in controlling different 

physiological responses depending upon light 

conditions (Usami et al., 2007). Phytochrome 

B controls the response regulator 4 in 

Arabidopsis thaliana, which specifically 

interacts with the extreme amino-terminus of 

the photoreceptor (Rao et al., 2011b). 

Expression of the transgene in plants is 

variable, even among the plants that are 

independent events to each other. Also, it 

cannot be assured that primary transformants, 

which are performing best of their expression, 

will give rise to progeny with similar 

characteristics. Stable and high expression of 

gene in transgenic plants is the main goal of 

crop improvement programs based on genetic 

engineering. Transgenic expression can vary 

due to many factors including the proportion 

of exogenous DNA which shows reshuffling 

prior to integration, position effects, transgenic 

copy number, and DNA methylation (Meyer, 

1998). It is, therefore, necessary to know much 

about integration, stability, structure, and 

organizational effect of the expression of 

transgene in crop plants. 

The gene transformation methods 

commonly in use are Agrobacterium- and 

repeated particle bombardment–mediated 

transformation that result in variable copies of 

the transgene at the same or different 

integration sites (Srivastava et al., 1999; Kohli 

et al., 1998). Manifold copies of the transgene 
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Abstract 

 

Cotton leaf curl disease (CLCuD) has been a considerable hindrance to producing high cotton yields and causes severe losses in the 

majority of cotton-growing countries, including Pakistan. Five leaves per sample per plant that exhibited characteristic CLCuD 

symptoms such as leaf curling, vein darkening, vein swelling and enation were collected from a farm field in Tehsil Fortabbas, 

district Bahawalnagar, Punjab. The genome components of CLCuBuV (DNA-A) were amplified using the rolling circle amplification 

(RCA) method and further characterized. The cloned genomes showed an organization typical of monopartite old world 

begomoviruses. Each DNA-A component of the CLCuBuV genome of the CLCuD samples was composed of 2758 bp that contained 

five overlapping open reading frames (ORFs) separated by a large intergenic region (LIR). The sequence analysis revealed that these 

are variants of the highly infectious CLCuBuV and was designated as CLCuBuV-MV12, MV13, MV14A, and MV14C clones with 

accession numbers FR750318, FR837932, FR837933, and FR837934, respectively. The CLCuBuV isolates under study showed an 

88.5-86.5% nucleotide sequence homology to cotton leaf curl Shahdadpur virus (CLCuShV), 86.7-83.1% with cotton leaf curl 

Kokhran virus (CLCuKoV) and 85.5-76.2% to cotton leaf curl Multan virus (CLCuMV), begomoviruses that are associated with 

CLCuD in Pakistan. The phylogenetic analysis revealed that the replication associated protein (Rep), designated the AC1 ORF, the 

coat protein (CP), designated AV1 ORF and the single LIR of the DNA-A component of CLCuBuV genome under study, exhibited 

sequence identity with the CLCuMuV AC1 ORF, CLCuKoV AV1 ORF and CLCuShV LIRs  respectively. The phylogenetic and 

recombination analysis provided conclusive evidence that the CLCuBuV isolates under consideration have a recombinant genome. It 

is expected that the current work will help us to understand begomovirus genetics, and evolution. 

 

Key words: Begomovirus;  Bemisia tabaci;  Cotton leaf curl disease; Geminivirus; Recombination; Rolling circle amplification. 

Abbreviation: CLCuD - cotton leaf curl disease; CLCuV -cotton leaf curl virus; CLCuBuV- cotton leaf curl Burewala virus; 

CLCuMuV - cotton leaf curl Multan virus; CLCuKoV - cotton leaf curl kokhran virus; CLCuAV - cotton leaf curl Alabad virus; 

CLCuRV - cotton leaf curl Rajasthan virus; CLCuGV - cotton leaf curl Gezira virus; PaLCuV- papaya leaf curl virus; CLCuShV - 

cotton leaf curl Shadadpur virus; ToLCNDV-Tomato leaf curl New Dehli virus; CLCuBV-cotton leaf curl Banglore virus; AEV-

ageratum enation virus; CLCuMB-cotton leaf curl Multan betasattelite; RDP - recombination detection program; RCA - rolling circle 

amplification; ssDNA - single-stranded DNA; dsRF-double stranded replicative form; CR - common region; Ori-origin of 

replication; MEGA-Molecular evolutionary genetic analysis; NCBI-national center for biotechnology information; LIR - large 

intergenic region; ORF - open reading frame; RCR-rolling circle replication; CP-Coat protein; Rep-replication associated protein; 

REn-replication enhancer protein. 

 

 

Introduction 

 

Pakistan is the 4th largest producer of cotton in the world and 

a leading exporter of yarn. Cotton is susceptible to attack by 

several pathogens and insect pests, and among them, cotton 

leaf curl disease (CLCuD) is economically the most 

devastating to cotton production. Almost 30% of Pakistan’s 

cotton crop is damaged and costs approximately several 

billion rupees annually (Asad et al., 2003). CLCuD is 

primarily caused by a complex of monopartite 

begomoviruses that belong to the geminiviridae family, 

which is the largest family of insect-transmitted plant viruses 

and is composed of 209 members with circular single-

stranded (ss) genomes that are encapsidated within a 

characteristic twinned (geminate) icosahedral capsid. 

Geminiviruses are currently divided into four genera 

(Mastrevirus, Topovirus, Curtovirus and Begomovirus) based 

on genome organization, sequence identity, host plants, and  
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Abstract 

 

Cotton fibre is naturally occurring pure cellulose that plays an important role in the textile industry. In addition to traditional 

breeding, genetic modification can improve fibre quality. Many multigenic traits and genes involved in various developmental 

stages of cotton fibre have been identified in wild plants, including Calotropis procera, which despite its different evolutionary 

origin shares some fibre traits with cotton. To obtain better fibre strength and micronaire values, Calotropis procera genes can be 

used in the genetic modification of crop plants such as cotton. In the present study, the CpEXPA3 gene taken from Calotropis 

procera was transformed into local cotton (Gossypium hirsutum variety NIAB-846) using Agrobacterium strain LBA 4404. The 

integration and expression of the Calotropis procera fibre gene CpEXPA3 in cotton plants was confirmed by southern blot analysis, 

real-time PCR and cellulose assay. Data from three years of field performance of the transformed cotton plants indicate that fibre 

strength was significantly improved as compared to a control. From this study, it is clear that improvement of fibre quality can be 

achieved by adding traits via transformation; such methods have the potential to significantly improve the agricultural and textile 

industries of Pakistan. 

 

Keywords: Agrobacterium, Calotropis procera, CpEXPA3, Cellulose, Wild Ancestor. 

Abbreviations: CpEXP-calotropis procera expansin.  

 

Introduction 

 

Cotton fibre is a naturally occurring source of pure cellulose 

and the foundation of the textile industry (Stewart, 1975). 

Important members of the Malvaceae family include cotton, 

hibiscus and okra. Cotton bolls produce soft, staple fibre that 

grows around the seeds. Cotton of the Gossypium spp grows 

in tropical and subtropical regions. Conventionally, the 

reported staple length of cotton fibre is near 32 inches. There 

are four important classes of staple length: short fibre (<21 

mm), medium fibre (22-25 mm), medium-long fibre (26-28 

mm) and long fibre (29-34 mm). short fibre content is 

defined as less than 12.7mm (Cui et al., 2003). Calotropis 

procera belongs to the Asclepiadaceae family (Carruthers et 

al., 1984; Cheema et al., 2010). The species is highly cross-

pollinated and has 22 (2n) chromosomes (Cheema et al., 

2010; Eisikowitch, 1986; Raghavan, 1957). Calotropis 

procera is a small bushy wild plant with a height of 2.5 m, a 

branched stem, and woody character, with corky 

greyish bark. Wild Calotropis spp plants have succulent 

branches and compact white tomentose. Calotropis procera 

plants have opposite leaves with oblong obovate to nearly 

orbicular shape. The blade colour of Calotropis procera 

leaves is light green to dark green, with nearly white veins 

(Abbas et al., 1992; Varshney and Bhoi, 1988). Calotropis 

procera has been characterised on the basis of physical, 

chemical and tensile properties, with good staple length, fibre 

strength, fibre uniformity ratio, fibre fineness and moisture 

absorption (Sakthivel et al., 2005). The primary cell wall of 

C. procera fibre is mainly composed of cellulose, lipids, 

proteins and polysaccharides, similar to the primary cell wall 

of cotton fibres. C. procera exhibits a three-stage fibre 

development process that includes i) initiation, ii) elongation, 

and iii) maturation. The lack of secondary cell wall 

deposition in C. procera (stage iii in cotton) is correlated 

with fewer metabolic pathways involved in secondary cell 

wall deposition (Cheema et al., 2010). Mature fibre 

characteristics including fibre length, fineness, 

uniformity/maturity and strength are better or equivalent to 

the finest grades of cotton fibre. Calotropis procera exhibits 

high-quality fibre characteristics—micronaire value 2.09, 

fibre length (mm) 42.0, fibre strength (g/tex) 29.5 and 

uniformity index (%) 81.6—as compared to G. hirsutum with 

micronaire value 4.5-4.9, fibre length (mm) 28-32, fibre 

strength (g/tex) 28-32 and uniformity index (%) 80-85 

(Cheema et al., 2010). Calotropis procera fibres are 3-3.5 cm 

long and the fibre quality is strong white silk, used for 

mattresses and pillows as well as for weaving into strong 

cloth (Abbas et al., 1992; Varshney and Bhoi, 1988). 

Numerous methods for exogenous gene introduction into 

plant genomes have been described as part of plant genetic 

engineering and can be classified into two groups: indirect 

gene transfer, where exogenous DNA is introduced by a 

biological vector, and direct gene transfer, where physical 

and chemical processes are used (Kohli et al., 1998). Gene 

transformation is a highly successful tool for plant breeding 

and genetic, physiological or biochemical and 

biotechnological research. Agrobacterium-mediated 

transformation is a novel molecular technique used for 

genetic transformation and incorporation of fibre 
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