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SUMMARY 

Hollyhock due to its beautiful flowers is an important ornamental plant. Hollyhock 

and cotton are members of the family Malvaceae. Begomoviruses infecting members of 

family Malvaceae form a distinct group. Cotton leaf curl disease (CLCuD) caused by cotton 

leaf curl virus has caused over US$5 billion losses to the Pakistan economy during the mid to 

late 1990s. Due to the importance of cotton, it was a compelling need to analyze the other host 

plants from the family Malvaceae that may be harbouring the CLCuD or related 

begomoviruses.  

Leaf sample from an infected hollyhock plant exhibiting symptoms yellowing of veins 

and mosaic was collected from Lahore. Another leaf sample from an infected hollyhock plant 

exhibiting symptoms of leaf curl was collected from Faisalabad. In the present study two new 

begomovirus species, a new strain of already reported begomovirus, two isolates of 

betasatellites, two novel species of alphasatellites and seven isolates of alphasatellites have 

been reported from a single host, hollyhock, in Pakistan.  

The hollyhock plant exhibiting yellow vein and mosaic symptoms was found to have 

multiple infections by complex of monopartite begomoviruses. Two full length genomes of 

DNA-A, one betasatellite and eight alphasatellites were cloned and sequenced from this 

hollyhock sample. Pair wise sequence comparisons indicated that one of these DNA-A 

component comprising of 2,750 nucleotides, was a distinct virus exhibiting maximum 

nucleotide sequence identity of 87.2% with Mesta yellow vein mosaic virus (MYVMV) 

(FJ159265) and the name Hollyhock yellow vein mosaic virus (HoYVMV) was proposed for 

it. The recombination analysis provided robust evidence that HoYVMV has a recombinant 

genome comprising sequences derived from Cotton leaf curl Multan virus (CLCuMV), 

Malvestrum yellow vein virus (MaYVV) and Tomato leaf curl Karnataka virus (ToLCuKV). 

The genome of other begomovirus (FN678906) characterized from this sample was 2,752 

nucleotides and it shared highest nucleotide identity of 89.8% with Croton yellow vein mosaic 

virus (CYVMV) (FN6445926). It was regarded as a new strain of CYVMV and the strain 

descriptor Croton yellow vein mosaic virus-[Hollyhock] (CYVMV-Hol) was suggested for 
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this new strain. The complete genome sequence of betasatellite (FN678779) characterized 

here was 1,346 nucleotides long and it shared a maximum nucleotide identity of 81.2% with 

Kenaf leaf curl betasatellite KLCuB (EF620566) reported from India. It was regarded as an 

isolate of previously reported species of KLCuB and the isolate descriptor for this betasatellite 

was suggested as Kenaf leaf curl betasatellite – [Hollyhock-1] (KLCuB-Hol-1). Two of the 

characterized alphasatellites (FR772086 and FR772088) were sharing less than 83% 

nucleotide sequence identity with already reported alphasatellites, thus were considered new 

species. The name Hollyhock yellow vein mosaic alphasatellite-1 (HoYVMA-1) and 

Hollyhock yellow vein mosaic alphasatellite-2 (HoYVMA-2) were proposed for these two 

novel alphasatellite species. Four out of eight characterized alphasatellites were the isolates of 

Cotton leaf curl Burewala alphasatellite (CLCuBA) and the isolate descriptor Cotton leaf curl 

Burewala alphasatellite – [Hollyhock-1] (CLCuBA-Hol-1), Cotton leaf curl Burewala 

alphasatellite – [Hollyhock-2] (CLCuBA-Hol-2), Cotton leaf curl Burewala alphasatellite – 

[Hollyhock-3] (CLCuBA-Hol-3) and Cotton leaf curl Burewala alphasatellite – [Hollyhock-

4] (CLCuBA-Hol-4) were suggested for these isolates. One of the characterized alphasatellite 

was an isolate of Gossypium mustelinum symptomless alphasatellite (GMSA) and the isolate 

descriptor Gossypium mustelinum symptomless alphasatellite - [Hollyhock] (GMSA-Hol] was 

suggested for it. While another alphasatellite was declared as an isolate of Ageratum yellow 

vein alphasatellite (AYVA), with isolate descriptor Ageratum yellow vein alphasatellite – 

[Hollyhock] (AYVA-Hol). Infectivity analysis of the begomoviruses along with associated 

betasatellite was tested by biolistic inoculation on Nicotiana benthmiana and cotton plants 

and the viruses were found infectious in both.  

One full length DNA-A, an alphasatellites and a betasatellite were amplified, cloned 

and sequenced from hollyhock sample exhibiting leaf curl symptoms. The DNA-A genome 

was consisted of 2,748 nucleotides and exhibited a maximum nucleotide identity of 85.3% 

with Hollyhock yellow vein mosaic virus (HoYVMV). It was a new species and the name 

Hollyhock leaf curl virus (HoLCuV) was suggested for it. The recombination analysis 

indicated that HoLCuV had a recombinant genome comprising sequences acquired from 

MaYVV and HoYVV. Betasatellite (FR772083) cloned and characterized from this sample 

was comprised of 1,346 nucleotides and was exhibiting an identity of 81% with Kenaf leaf 



 vi 

curl betasatellite (KLCuB). It was regarded as an isolate of of KLCuB and according to 

recommendations for classification and nomenclature of betasatellites the isolate descriptor 

for this betasatellite was suggested as Kenaf leaf curl betasatellite – [Hollyhock-2] (KLCuB-

Hol-2). The alphasatellite (FR772084) characterized from this sample was consisted of 1,371 

nucleotides and its nucleotide sequence had maximum identity of 87.9% with Gossypium 

darwinii symptomless alphasatellite (GDSA). It was regarded as an isolate of GDSA, the 

isolate descriptor Gossypium darwinii symptomless alphasatellite – [Hollyhock] (GDSA-Hol) 

was proposed for this alphasatellite. Infectivity analysis revealed that the begomovirus and the 

associated betasatellite were infectious on Nicotiana benthmiana but in cotton they caused 

asymptomatic infection. 
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CHAPTER 1 

INTRODUCTION AND REVIEW OF LITERATURE 

1.1 Geminiviruses 

The plant viruses are classified into 20 families, 88 genera and ~750 species (Fig 1.2) by 

the International Committee on Taxonomy of Viruses (ICTV) in its 8th report of classification 

and nomenclature of viruses (Rybicki et al., 2005).  

Geminiviridae is one of the families of plant viruses. Geminiviruses, first described by 

Goodman in 1977, are obligate intracellular viruses like all other viruses (Goodman, 1977). 

Geminiviruses have circular ssDNA genome encapsidated with in geminate particle of 

approximate 20 x 30 nm (Fig 1.1).  

 

Fig. 1.1 Cryo-electron microscopy image reconstruction of a Maize streak virus particle. Image reproduced from 

(http://rybicki.files.wordpress.com/2012/01/msv.jpg) 

 

http://rybicki.files.wordpress.com/2012/01/msv.jpg
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Geminiviruses cause diseases in wide range of plants including wheat, maize, cassava, 

tomato and cotton and are responsible of far-reaching losses in agricultural output (Hanley-

Bowdoin et al., 1999; Morales and Anderson, 2001; Mansoor et al., 2003). Due to small 

genome size, the geminiviruses have overlapping genes in different frames to efficiently code 

the proteins needed for DNA replication, regulation of gene expression, particle encapsidation 

and movement. The geminivirus group was upgraded to the family Geminiviridae in 1995 

(Murphy et al., 1995).  

1.1.1 Classification of Geminiviruses 

The family Geminiviridae has four genera i.e. Begomovirus, Mastrevirus, Curtovirus 

and Topocuvirus. Among them Begomovirus is transmitted by whitefly, Mastrevirus is 

transmitted by leafhopper, Curtovirus is also transmitted by leafhopper and Topocuvirus is 

transmitted by treehopper. The classification is based upon the genome arrangement, the host 

(monocot or dicot) and the taxonomy of the insect vector. (Fauquet and Stanley, 2005; 

Rybicki et al., 2000).   

Geminiviruses have 199 legitimately recognized species. Begomovirus is the largest 

genus, having 181 species. More than 672 full length genome sequences of begomoviruses 

have been deposited in databases (Fauquet et al., 2008). On the basis of genome organization 

begomoviruses are divided into two main groups: bipartite and monopartite. Bipartite 

begomoviruses contain two genomic components known as DNA-A and DNA-B and 

monopartite begomoviruses genome consists of a single component homologous to the DNA-

A component of bipartite begomoviruses. Each component is 2.6–2.8 kb in length and 

transcribed bidirectionally. Genome of monopartite begomoviruses in addition to DNA-A, 

frequently contain two types of satellites, alphasatellites and betasatellites (Briddon et al., 

2004).  

Genome of mastreviruses consists of a single component encoding four proteins. They 

are transmitted by leafhoppers in a persistent circulative manner, i.e. once the insect acquires 

the virus from infected plant; the insect can transmit the disease through out its future life 
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(Harrison, 1985). Mastreviruses mainly infect monocots, but a few dicots are also their hosts 

(Boulton, 2002). 

The curtoviruses also have a monopartite ssDNA genome of 3kb, transmitted by 

leafhoppers in a persistent circulative manner and infect only dicotyledonous plants (Hur et 

al., 2007). The genome consists of seven proteins transcribed bidirectionally. The intergenic 

region is 450 nucleotides long and contains origin of replication (Klute et al., 1996; Briddon et 

al., 1998; Baliji et al., 2004). 

The topocuvirus is newly recognized genus and consists of only one species, Tomato 

pseudo-curly top virus. The monopartite genome of topocuvirus encodes six proteins and 

treehopper transmits them to only dicotyledonous plant families (Briddon et al., 1996). 

1.1.2 DNA Replication of Geminiviruses 

Geminiviruses replicate within the host cell nucleus and are dependent on plant 

machinery for replication of their DNA genomes and employ a mechanism (Saunders et al., 

1991; Stenger et al., 1991) for genome replication accomplished through double-stranded 

DNA intermediates using a combination of rolling circle and recombination strategies 

(Gutierrez, 1999; Hanley-Bowdoin et al., 1999; Jeske et al., 2001; Preiss and Jeske, 2003). 

Transcription also takes place inside the nucleus and is bidirectional from promoter 

sequences located in the intergenic region. Transcription is complex, which results into 

multiple overlapping polycistronic mRNAs. The convergent transcripts overlap for several 

nucleotides at their 3 ends (Hanley-Bowdoin et al., 1989; Hanley-Bowdoin et al., 1999; 

Shivaprasad et al., 2005; Sunter and Bisaro, 1989). Begomoviruses code for two conserved 

proteins, AC1 and AC3, implicated in virus replication. AC1 is the replication-associated 

protein (Rep) and mediates the initiation of rolling circle replication (Elmer et al., 1988; 

Hanley-Bowdoin et al., 1990). A short RNA primer initiates the synthesis of complementary-

sense DNA and produces a dsDNA intermediate (Donson et al., 1984; Saunders et al., 1992). 

The accurate initiation and termination of this step is dependent upon a multifunctional Rep 

protein. The complete replication occurs in two steps; first the genomic ssDNA is converted 
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into a dsDNA intermediate and then this dsDNA is used as template for the rolling circle 

replication (RCR) (Fig. 1.3). A similar mechanism of RCR is also exhibited by some 

eubacterial plasmids, by some bacteriophages and prokaryotic ssDNA replicons (Bisaro, 

1996; Noris et al., 1996; Saunders et al., 1991; Stenger et al., 1991; Timmermans et al., 

1994). 

 

Fig. 1.3 Schematic model of DNA replication of geminiviruses. During RCR Rep recognises the origin 

of replication (a). Nicks the virion strand and binds to the 5′ end (b). New DNA is synthesised using the 3′ end of 

the nicked virion strand as a primer, the complementary-sense strand as a template and the host DNA replication 

machinery displacing the original virions-strand (c). Rep recognises the next ori repeat and releases a ssDNA 

copy by nicking and joining. Whereas during RDR an incomplete ssDNA (a). Interacts with a covalently closed 

circular DNA (cccDNA) at homologous site for homologous recombination (b). The loop formed in this way 

migrates and the ssDNA elongates (c). After the elongation of ssDNA and formation of complementary DNA, a 

dsDNA is produced (d). 
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The iterons are repeated sequences used as recognition sites for binding of Rep-

protein. The Rep binding ability is altered by a change in the sequence of iteron (Argu¨ ello-

Astorga and Ruiz-Medrano, 2001).  The iteron binding is followed by the production of a nick 

in the loop sequence of virion-sense strand, attachment of Rep to the exposed 5′-terminus and 

elongation of the 3′-terminus using the complementary-sense template (Laufs et al., 1995; 

Orozco and Hanley-Bowdoin, 1996; Kong et al., 2000; Luque et al., 2002; Selth et al., 2005).  

  The virion-sense DNA synthesis starts after a nick is produced in the plus strand 

within the nonanucleotide TAATATTAC that is conserved among all geminiviruses and 

serves as the origin of replication. The Rep protein binds to the 5' terminus of the nicked DNA 

while the 3' end of the cleaved strand serves as a primer for DNA synthesis. DNA polymerase 

moves around the template and synthesizes the virion strand. As a full-length virion strand is 

replicated, it is cut from the replication machinery and changes into circular ssDNA after 

ligation. The resulting ssDNA can either serve as template for replication or can be 

encapsidated into virions (Laufs et al., 1995). 

1.1.3 Evolution of Geminiviruses 

It is believed that geminiviruses are evolved as episomal DNA replicons of primitive 

prokaryotic organisms that later adapted to archaic eukaryotic progenitors of contemporary 

plants (Rojas et al., 2005).  This belief is supported by a number of evidences including the 

conserved features of the replication initiator proteins of modern eukaryotic and prokaryotic 

DNA replicons (Campos-Olivas et al., 2002; Ilyina and Koonin, 1992), polycistronic mRNAs 

and ability of diverse geminivirus types to replicate in Agrobacterium tumefaciens 

(Frischmuth et al., 1990; Selth et al., 2002). Various ssDNA viruses, geminiviruses and 

nanoviruses in plants and circoviruses in animals, replicate by RCR. The nucleotide sequence, 

genome and Rep protein features of the above mentioned virus groups have similarity with 

prokaryotes using rolling circle replication, supporting this notion that these viruses are direct 

descendents of ssDNA replicons of prokaryotic origin (Gibbs and Weiller, 1999; Koonin and 

Ilyina, 1992). As bipartite begomoviruses are found in both O and N World, so the second 

genomic component is possibly acquired by the bipartite viruses before the separation of the 

continents (Rojas et al., 2005). Association of the monopartite begomoviruses with satellite 
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molecules like DNA-ß may possibly have opened new possibilities to adapt and colonize new 

hosts (Briddon et al., 2003; Rojas et al., 2005).  

Recombination has played a major role in diversification and speciation of 

geminiviruses. It has been an established fact that recombination among begomoviruses, leads 

to the appearance of more virulent viruses. One of the similar examples is resistant breaking 

strain of cotton leaf curl disease (CLCuD) associated begomovirus, Cotton leaf curl Burewala 

virus in Pakistan which is a recombinant between Cotton leaf curl Multan virus and Cotton 

leaf curl Khokhran virus (Amrao et al., 2010). Pepper huaste-co virus and African cassava 

mosaic virus (ACMV) are other examples of such scenario (Torres Pacheco et al., 1993; Zhou 

et al., 1997). Recombination is reported not only between different species but also across 

different genera of Geminiviruses. Recombination is a key factor in the evolution, 

diversification and speciation of emerging begomoviruses (Garcia-Arenal et al., 2001).   

The recombination dependent replication strategy has supported this mechanism 

(Preiss and Jeske, 2003) by frequent natural mixed infections (Harrison et al., 1997; Ribeiro et 

al., 2003; Torres-Pacheco et al., 1996) and by the unusual feature among plant viruses, that 

two begomoviruses can infect the same cell (Morilla et al., 2004). This mechanism might 

have contributed to the high number of virus species in the family Geminiviridae.  

It is evident that the disease complexes are spreading in new geographical region and 

their host range is also increasing. For instance, CLCuD was primarily a constraint in cotton 

production in Punjab province of Pakistan but is now also reported to cause damage in India 

and China. Emergence of new diseases in this part of the world and the ability of the viruses 

to exchange genetic material by recombination (Padidam et al., 1999; Saunders et al., 2002) is 

depicting an alarming situation.  

1.1.4 Use of Geminiviruses in Plant Biotechnology 

Geminiviruses have been used as a tool for probing physiology of fundamental 

processes in plants, studying functions of various plant genes and for obtaining useful 

transgenic products. Virus induced gene silencing (VIGS) uses a silencing mechanism to 
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regulate gene expression by the RNA interference. Based on this mechanism Cabbage leaf 

curl virus (CabLCuV) (Muangsan et al., 2004; Turnage et al., 2002), Tomato golden mosaic 

virus (TGMV) (Peele et al., 2001; Kjemtrup et al., 1998), Tomato yellow leaf curl China 

betasatellite (TYLCCNB) (Tao and Zhou 2004), African cassava mosaic virus (ACMV) 

(Fofana et al., 2004) and cotton leaf crumple virus (CLCrV) (Tuttle et al., 2008) have been 

used as silencing vectors. By controlling the expression of various genes through geminivirus 

based vectors fundamental plant processes can be probed and these vectors are also used to 

get elevated expression of foreign genes in host systems. Using this mechanism an expression 

system has been developed that uses the genomic information of Bean yellow dwarf virus 

(BeYDV) (Mor et al., 2003). The co-delivery of a Rep-supplying vector and a GUS reporter-

LSL vector increased the expression upto 40-fold. This high level expression of the LSL 

vector was associated with increased expression of GUS (Mor et al., 2003). An expression 

system using BeYDV has also been in use to achieve high levels of foreign gene expression in 

Arabidopsis, tobacco and some other dicots. This DNA-based expression system has removed 

the limitation of plant RNA virus-based expression systems, which have limited host ranges. 

The advantage of DNA-based expression system is that it can incorporate large open reading 

frames. High level expression of a novel Arabidopsis-derived mitogen-activated protein 

kinase for biochemical analysis was achieved using this DNA-based expression system 

(Hefferon et al., 2004). CLCrV based VIGS vector has been used in studying the function of 

various genes of Gossypium hirsutum (Tuttle et al., 2008). 

1.2 Begomoviruses 

Begomovirus is the largest genus of the family Geminiviridae. The name begomovirus 

is derived from Bean golden mosaic virus (van Regenmortel et al., 1997) which is now called 

Bean golden yellow mosaic virus (BGYMV).  Begomovirus constitute the largest and 

economically most important genus. Virus species in this genus are transmitted by the 

whitefly Bemisia tabaci (Gennadius) in a persistent and circulative manner. Begomoviruses 

are a major constraint to the agricultural output of many tropical, sub-tropical and irrigated 

arid agricultural countries including Pakistan (Brown et al., 1995). They infect 

dicotyledonous plants and are responsible for the most devastating and notorious diseases of 
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plants, including cassava mosaic, cotton and tomato leaf curl, and bean golden mosaic with 

losses estimated up to several billions of dollars per year (Harrison and Robinson, 2002; 

Varma and Malathi, 2003). 

Phylogenetic studies have shown that begomoviruses can be classified into the O 

World viruses (OW) (those originating from Europe, Africa, Asia and Australasia) and the N 

World (NW) viruses (those originating from the Americas) (Paximadis et al., 1999; Padidam 

et al., 1999; Rybicki, 1994). Most of the bipartite begomoviruses are reported from NW, 

whereas in the OW most of the viruses are monopartite and very few are bipartite. OW 

begomoviruses also contain AV2 gene in the DNA-A component, missing in the genome of 

NW begomoviruses (Rybicki, 1994; Stanley et al., 2005). The coat protein of NW 

begomoviruses have an N-terminal PWRLMAGT motif (a conserved sequence of amino 

acids), such feature is not reported in the genome of OW begomoviruses (Harrison et al., 

2002). Majority of OW begomoviruses contain three Rep binding sites, the iterons, while 

most of NW begomoviruses (Arguello-Astorga et al., 1994).  

Begomoviruses exhibit different types of disease symptoms in host plants, including 

leaf curl, vein thickening, vein yellowing, mosaic and in some cases yellow blotch and 

stunting (Briddon and Markham, 2001, Harrison, et al., 1997). 

1.2.1 Genome Organization of Begomoviruses 

Begomoviruses have been classified into two categories (monopartite and bipartite) on 

the basis of genome organization. The genome of monpartite begomoviruses have one 

genomic component (DNA-A) while the genome of bipartite begomoviruses consists of two 

components (DNA-A and DNA-B), covalently closed, circular, ssDNA molecules of about 

2.5kb ~ 2.9kb (Lazarowitz, 1992).  Alphasatellites and betasatellites are associated with 

monopartite begomoviruses (Briddon et al., 2004). Betasatellites depend on the helper virus 

for replication while alpha satellites can independently replicate in their hosts.  Betasatellites 

are reported to be involved in induction of symptoms. Although alphasatellites can replicate 

autonomously but depend upon the helper begomovirus for systemic infection in host cells 

and transmission by the vector. There is no reported role of alphasatellites in infectivity and 
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symptom introduction in host plants (Mansoor et al., 2003a; Saunders et al., 2008; Cui et al., 

2004).  

Bipartite begomoviruses are ssDNA viruses, with two genomic components (Rybicki 

et al., 2000) and contain seven functional ORFs. Genes involved in viral DNA replication and 

particle encapsidation are present on DNA-A while the genes responsible for viral movement 

are present on DNA-B (Lazarowitz, 1992). Both genomic components share a common region 

of a fragment, consisting of approximately 200 nucleotides within the intergenic region 

(Sunter and Bisaro, 1991; Lazarowitz, 1992). The common region contains a 30 nucleotide 

conserved region (stem loop), which serves as the origin of replication (Sunter and Bisaro, 

1991). The two divergent promoters regulating the expression of viral genes are also present 

in the common region (Lazarowitz, 1992).  

1.2.2 Proteins Encoded by Begomoviruses 

The DNA-A in NW begomoviruses has five ORFs, one ORF (AV1) in virion sense 

and four ORFs (AC1, AC2, AC3 and AC4) in complementary sense, while DNA-A in OW 

begomoviruses has a total of six ORFs, they have an additional ORF in virion sense (AV2) 

(Fig. 1.4), which is missing in NW begomoviruses (Rybicki, 1994; Stanley et al., 2005). 

The ORF AV1 (virion sense) encodes the coat protein. All begomoviruses encode a 

single type of coat protein subunit, which has diverse functions, including genome stability, 

infectivity, transmission by insect vectors and systemic spread (Lazarowitz, 1992), and 

ssDNA accumulation (Qin et al., 1998). There is robust evidence that coat protein is a 

determinant of the specificity of insect vector in all begomoviruses. Experiments conducted 

by Briddon et al., 1990, showed that African cassava mosaic virus (ACMV), a whitefly-

transmitted begomovirus, could be transmitted to Nicotiana benthamiana by the leafhopper, 

while replacing with the coat protein gene of leafhopper-transmitted (Curtovirus) Beet curly 

top virus (BCTV) and vice versa.  

The ORF AV2 is only confined to O World begomoviruses. Padidam et al. (1996) 

showed by mutation analysis that the pre-coat protein encoded by AV2 is involved in the 
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movement of bipartite geminiviruses. The experiments also proved that pre-coat protein was 

localized around the nucleus and at the cell periphery and co-localized with the endoplasmic 

reticulum. These patterns of localization were similar to that of the movement protein of 

bipartite begomoviruses (Rojas et al., 2001).  

The ORF AC1 (complementary sense) encodes the replication-associated protein 

(Rep) (Elmer et al., 1988). The multifunctional Rep encoded by AC1 is responsible for wide 

range of functions during viral DNA replication. The functions include binding to iteron 

sequences located at the conserved intergenic region (Fontes et al., 1994), repression of its 

own promoter (Eagle et al., 1994), cleavage and ligation of  DNA (Laufs et al., 1995), and 

DNA helicase activity (Pant et al., 2001). AC1  protein interacts with AC3 (Settlage et al., 

1996) and a few plant proteins (Ach et al., 1997; Castillo et al., 2003; Castillo et al., 2004). 

The plant protein retinoblastoma homologue, which controls the cell cycle and differentiation, 

was found to interact with AC1 (Arguello-Astorga et al., 2004). This interaction helps the 

replication of viral DNA leading to infection (Kong et al., 2000). AC3 is an auxiliary 

replication enhancing protein (Ren) involved in elevated viral DNA accumulation (Sunter et 

al., 1990). 

The ORF AC2 encodes the transcriptional activator protein (TrAP) that regulates the 

expression of the coat protein and the movement protein encoded by DNA-B component in 

bipartite begomoviruses (Sunter and Bisaro, 1991). It is similar to a typical transcription factor 

in having a nuclear localization signal, a zinc finger-like domain composed of cysteine and 

histidine residues, and an acidic activation domain (Dong et al., 2003; Hartitz et al., 1999; 

Shivaprasad et al., 2005; Van Wezel et al., 2003). The TrAP protein acts as a transcriptional 

activator, a silencing suppressor, and a suppressor of a basal defense. TrAP is a nuclear 

protein (Sanderfoot and Lazarowitz, 1995) that transactivates virion-sense gene expression 

(Sunter and Bisaro, 1992; Sunter et al., 1994). In addition to its core role in viral transcription, 

TrAP also is a pathogenicity factor that suppresses more than one host defense pathway 

(Sunter et al., 2001). 

The ORF AC3 encodes the replication enhancer protein (REn) that controls the viral 

DNA replication, by activating AV1 gene (Azzam et al., 1994). The REn is found in nuclei of 
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infected host cells and its expression level is equal to the Rep (Nagar et al., 1995), indicating its 

interaction with Rep in viral DNA replication. It is supported by experimental results that REn 

protein possibly increases the binding of Rep at the origin (Mohr et al., 1990). REn is a small 

hydrophobic protein consisting of only 134 amino acids (Castillo et al., 2003). Interaction of REn 

with plant proteins is also well documented (Settlage et al., 2005). 

The ORF AC4 encodes a protein which is a determinant of symptom expression in 

monopartite begomoviruses (Rigden et al., 1994). The ORF AC4 is completely embedded 

within AC1 coding region but in a different frame (Hanley-Bowdoin et al., 1999). AC4 

proteins of bipartite begoviruses are highly variable and no general role has been ascribed to 

this gene product. Mutations in the AC4 of Tomato golden mosaic virus (TGMV), African 

cassava mosaic virus (ACMV) and Bean golden mosaic virus (BGMV) (Elmer et al., 1988; 

Hoogstraten et al., 1996; Etessami et al., 1991) revealed no apparent role in viral DNA 

replication or symptom determination. However, recently the role of AC4 in suppression of 

gene silencing is reported (Vanitharani et al., 2005). In monopartite begomoviruses the 

analogous protein was implicated in virus movement, since a Tomato yellow leaf curl 

(TYLCV) AC4 mutant was failed to cause systemic infection in tomato plants and was also 

reported as virulence factor for Tomato leaf curl virus (TLCV) (Jupin et al., 1994; Krake et 

al., 1998; Selth et al., 2004). 

The DNA-B has two ORFs, one in complementay sense (BC1) and one in virion sense 

(BV1). The protein encoded by BV1 is confined only in the host cell nucleus and is involved 

in binding to ssDNA, consequently transporting it to the cytoplasm (Pascal et al., 1994). The 

protein encoded by BC1 accelerates the viral movement in the host by altering the structure of 

plasmodesmata (Pascal et al., 1993). The role of BC1 movement protein in determination of 

symptom severity is well established (Duan et al., 1997). 
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Fig. 1.4 Genome organization of begomoviruses and associated satellites. Image reproduced from Ilyas, 2010. 

Most of the monopartite begomoviruses contain two types of satellites, alphasatellites 

and betasatellites. The size of each satellite is ~1.4 kb. Satellites are defined as subviral agents 

composed of nucleic acid that depends on co-infection with a helper virus for their productive 

multiplication. Satellite nucleic acids have substantially distinct nucleotide sequences from 

those of the genomes of their helper viruses (Briddon et al., 2003; Briddon et al., 2001; 

Saunders et al., 2000). 

Betasatellites depend on the respective helper begomovirus for DNA replication. Their 

genome has a single ORF, encoding protein, βC1, which upregulates the replication of helper 

virus and suppresses host defense. It also acts as pathogenicity determinant, accelerates helper 

DNA replication and suppresses plant defenses (Cui et al., 2005; Saunders et al., 2004). Both 

satellites have an A-rich region and in addition to this betasatellites also have a region of 

conserved sequence termed as the satellite conserved region (SCR). There are some recent 

studies indicating the association of betasatellites with some bipartite begomoviruses, 

although the precise nature of this interaction has yet to be studied, and some monopartite 

begomoviruses have been shown to have a facultative interaction with betasatellites. The first 

begomovirus associated satellite to be discovered, was Tomato leaf curl associated satellite, 
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characterized from tomato plants infected with the monopartite begomovirus Tomato leaf curl 

virus (ToLCV) (Dry et al., 1997). Genome of betasatellites is approximately the half of their 

cognate helper virus and has no sequence relation to their helper viruses. Betasatellites are 

mostly associated with OW begomoviruses and exhibit three conserved features; an A-rich 

region, a satellite conserved region (SCR) and an open reading frame βC1 (Zhou et al., 2003; 

Briddon et al., 2003; Bull et al., 2004). The βC1 protein functions in determination of host 

range, movement and accumulation of both satellite and helper virus (Saundres et al., 2000; 

Zhou et al., 2003). Betasatellites are capable of altering the symptoms in some hosts by 

interfering with helper begomovirus replication (Briddon et al., 2001; Saunders et al., 2000). 

Co-agroinoculation of the DNA-A component of Tomato yellow leaf curl china virus and its 

associated DNA , exhibited the role of DNA  in symptom induction. Nucleotide analysis of 

betasatellite and its respective helper virus revealed that both are co-evolved (Zhou et al., 

2003). It is also reported that DNA  is involved in viral pathogenicity, movement and 

systemic spread (Saeed et al., 2007).  

Rybicki (1994) proposed that most of the NW begomoviruses arose more recently than 

OW viruses and suggested that they may have evolved after the continental separation of the 

Americas from Gondwana, approximately 130 million years ago. The lack of diversity of NW 

begomoviruses, in comparison to those originating from the OW, supports this suggestion. He 

hypothesized that whiteflies moving from Asia to the Americas may have transmitted viruses 

that were the ancestors of NW viruses that we observe today. These viruses evolved 

separately from OW viruses and this evolution would also have been accompanied by the 

early loss of the AV2 gene, which would explain its absence from all NW viruses 

characterized to date. However, some recent findings have shown that NW-like 

begomoviruses are present in the OW. Corchorus yellow vein virus (CoYVV) and Corchorus 

golden mosaic virus (CoGMV) were identified in Vietnam and have characteristics typical of 

the NW viruses, including the absence of the AV2 gene and N-terminal PWRLMAGT motif 

in the coat protein. It has been suggested that these may be last remnants of a distinct lineage 

of OW begomoviruses which were introduced into the NW and subsequently diverged to 

yield all extant NW begomoviruses (Ha et al., 2006; 2008).  
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Alphasatellites are self replicating molecules encoding their own Rep protein. All 

alphasatellites have an A-rich region downstream of the rep gene. The size of this A-rich 

region is between 153-169 nucleotides. Alphasatellites contain only one ORF that codes a 

replication associated protein of about 36.6 kDa, so they are capable of autonomous 

replication. Alphasatellites are supposed to be evolved from nanoviruses. It is reported that 

alphasatellites can interact with monopartite begomoviruses and alter the symptoms and 

decrease the DNA accumulation, but the mechanism is still unclear (Idris et al., 2011; 

Briddon et al., 2004).  

1.2.3 Whitefly-Transmission of Begomoviruses 

Over the last three decades, insects belonging to the genus Bemisia (Homoptera: 

Aleyrodidae), commonly known as whiteflies, became one of the major pests in the 

worldwide agricultural systems (Jones, 2003; Naranjo and Ellsworth, 2001; Oliveira et al., 

2001). A major impact of the increase in the population of whiteflies was the proliferation of 

disease problems caused by viruses transmitted by these insects. The most widespread and 

important are viruses classified in the family Geminiviridae, more specifically to those 

belonging to the begomovirus. Begomoviruses are considered as a major constraint to the 

production of tomato and other vegetable and fiber crops world wide (Morales and Anderson, 

2001; Varma and Malathi, 2003). 

Most of the viruses are spread in the field by insect vectors. The most important vector 

is that with piercing mouthparts that cause minimal damage during feeding (Fig. 1.5). 

Leafhopper and aphids have always been considered the most important vectors of viruses, 

however in recent years, whiteflies have created serious economic problems both as pests and 

as virus vectors. Infestations have increased in severity and importance in dry, tropical, sub-

tropical and irrigated arid agricultural systems (Butler and Henneberry, 1994; Brown et al., 

1995). White fly inhabits all geographical regions of the world but considered native to 

tropical and sub tropical regions. The crops infected by whitefly-transmitted diseases are 

mainly legumes, tomato, cotton, pepper, cucurbits and tobacco (Brown and Bird, 1992; Cock, 

1986; Brown and Nelson, 1986).  
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Fig 1.5 Whiteflies feeding on cotton leaves 

In particular, devastating losses in Pakistan, the Americas and the Caribbean basin 

caused by both the whiteflies and the viruses that they transmit have affected a number of 

different food, fiber and ornamental industries. Whiteflies feed on the phloem contents by 

means of a stylet (Cock, 1986), thus deriving amino acids and carbohydrates directly from the 

food transport system of the host plant (Fig. 1.5). Its mouth part, stylet is evolved in such a 

manner that it can pierce leaf cells intracellularly to reach the phloem contents. This feeding 

specialization is an effective mean of acquiring and subsequently transmitting geminiviruses 

that characteristically infect phloem-associated tissues (Kim and Carrs, 1982).  Geminiviruses 

transmission by their vector depends on various interactions, such as those between the virus 

and the insect, those between the virus and the host and those between the insect and the plant 

(Nava –Camberos, et al., 2001). 

1.3 Significance of the Study 

Until the early 1990s, whitefly-transmitted geminiviruses were primarily a problem in 

legume production in the Western Hemisphere. Since then, high incidence of geminivirus 

diseases in tomato-producing areas of Florida, the Caribbean, Mexico, Central America, 
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Venezuela, and Brazil have been reported (Polston and Anderson, 1997). In many countries 

diseases caused by whitefly-transmitted geminivirus are of serious concerns for many 

different crops such as beans, cassava, tobacco, potato, cotton, pepper, squash, and cabbage 

(Polston and Anderson, 1997). 

  In Asia, economically important diseases caused by geminiviruses were mostly 

recorded in the Indian subcontinent. Indian cassava mosaic virus, Mungbean yellow mosaic 

virus, Tobacco leaf curl virus, tomato leaf curl virus and cotton leaf curl virus are among the 

most common geminiviruses, which cause severe damage to several crops (Roberts, 1989; 

Honda et al., 1983). 

Hollyhock (Alcea rosea), family Malvaceae, is an ornamental plant widely grown in 

orchards, lawns and public gardens. The plant has been seen infected at a fairly a high level 

i.e. 40 -50% at different locations of Punjab province of Pakistan. Previously, Hollyhock has 

been found infected with a beta complex begomovirus from Egypt (Bigarre et al., 2001).  

Since hollyhock plant belongs to family Malvaceae same as of cotton, so there was a 

possibility that, it may be harbouring Cotton leaf curl disease (CLCuD) associated 

begomoviruses as an alternate host plant, which caused over US$5 billion losses to Pakistan 

economy during the mid to late 1990s (Briddon and Markham, 2000). The present study will 

enhance our knowledge about begomoviruses and help us to minimize the economic losses 

due to Cotton leaf curl virus. Although CLCuD was reported in Nigeria in 1912 and 1924 

(Farquharson, 1912; Jones and Mason, 1926) but in Pakistan it was first identified in 1967 in 

areas of Punjab (Akhtar et al., 2008). Severe outbreaks occurred after 1988 and caused 

substantial losses to Pakistan economy in 1990s (Briddon and Markham, 2000). The typical 

symptoms of CLCuD include upward or downward leaf curl, vein thickning and darkening of 

the veins, leaf rolling and reduction in leaf size, twisted petioles, cup shaped out growths 

called enation and stunted plants with shortened internodes (Akhtar et al., 2008). The Punjab 

province of Pakistan has a major contribution in cotton production with 80 percent of the 

cotton produced in the country (Zafar et al., 1997). Districts situated in south Punjab are 

major cotton growing regions (Fig. 1.6) 



Introduction and Review of Literature 

 18 

 

Fig 1.6 Major Cotton growing regions of Pakistan 

CLCuD is caused by a complex of monopartite begomoviruses, before 2003, seven 

species of begomovirus listed below were associated with CLCuD. 

  Cotton leaf curl Multan virus 

  Cotton leaf curl Khokhran virus 

 Papaya leaf curl virus 

 Tomato leaf curl Karnataka virus 

 Cotton leaf curl Alabad virus 

 Cotton leaf curl Rajastan virus 

 Cotton leaf curl Bangalore virus 

Each of these interacts with a Cotton leaf curl Multan betastellite, to cause CLCuD. 

Alphasatellites are also associated with these viruses but they have no apparent role in 

symptom prodouction (Briddon, 2003; Mansoor et al., 2006). After 1992 extensive research 

has been carried out on characterization of begomoviruses associated with CLCuD, screening 

and developing CLCuD resistant cotton varieties. Certain varieties were declared resistant to 

CLCuD but in 2001 in some areas of Burewala, district Vehari of Punjab province, symptoms 

of disease were observed in resistant varieties and in 2002 it was observed in throughout 

Vehari district. Causative agent was identified as Cotton leaf curl Burewala virus which was 

found to be recombinant of Cotton leaf curl Multan virus and Cotton leaf curl Khokhran virus 

(Mansoor et al., 2003). 
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The present study aimed at isolation, identification and characterization of viruses 

from two begomovirus-like infected hollyhock plant samples collected from Faisalabad (leaf 

curl and vein thickening symptoms) and Lahore (mosaic and yellow vein symptoms). It would 

be interesting to compare the begomoviruses of both the samples showing different symptoms 

and with the already characterized begomovirus infecting hollyhock plant reported from 

Egypt. The present study will enhance our knowledge about begomoviruses and help us to 

minimize the economic losses due to viral diseases. 
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CHAPTER 2 

MATERIALS AND METHODS 

2.1 Source of Virus Isolates 

The infected young leaves of hollyhock plant showing yellowing of veins and mosaic 

symptoms were collected from Lahore in Punjab province of Pakistan in 2006 (Fig 2.1).  

While the infected young leaves of hollyhock plant showing leaf curl symptoms were 

collected from Faisalabad in Punjab province of Pakistan during 2006. Symptomatic plants 

were photographed with a high resolution camera. Young leaves of symptomatic plants were 

collected, kept in plastic bags labelled with permanent marker, transported on ice and stored 

at -80˚C until utilized.  

 

 

Fig. 2.1 Infected Hollyhock leaf showing yellow vein and mosaic symptoms collected from Lahore for this 

study. 
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2.2 Total DNA Extraction 

Total DNA was extracted from leaf samples using CTAB method as described by Xie 

et al., (2002) with some modifications. 1 g of leaf tissue was ground to a fine powder in a 

pestle and mortar in the presence of liquid nitrogen and transferred to a 50 ml centrifuge tube. 

25 ml of extraction buffer [100 mM Tris, 1.4 M NaCl, 20 mM EDTA (pH 8.0), 2% CTAB, 

1% β-mercaptoethanol] and small amount of alumina was mixed with powdered tissue and 

incubated at 65 ˚C with constant shaking for 30-45 mins. The mixture was allowed to cool for 

3 mins in a fume hood and added equal volume (25 ml) of chloroform:isoamyl alcohol (24:1) 

to form an emulsion. The slurry was centrifuged at 9000 rpm in a tabletop centrifuge 

(Eppendorf centrifuge 5804R) for 10 mins. The upper aqueous phase was transferred to a 

fresh tube by using a wide-bore pipette tip and the chloroform:isoamyl alcohol extraction was 

repeated until the supernatant was clear. A half volume of 5 M NaCl was added to the final 

aqueous solution recovered, mixed well and two volumes of cold 100% ethanol was added, 

mixed well and placed in -20 ˚C freezer for 10 mins. The precipitated DNA was pelleted by 

centrifugation at 9000 rpm for 6 mins. After removal of the supernatant the pellet was washed 

with 70% ethanol, dried at 37 ˚C in an incubator and resuspended in 300 μl of TE buffer. 

Dissolved DNA was transferred to a new 1.5 ml microcentrifuge tube and 3 μl of RNase A 

(10 mg/ml) was added. After incubation at 37 ˚C for 1 hour, 3 μl proteinase K (1 mg/ml) was 

added and incubated at 37 ˚C for 15 mins. 300 μl phenol: chloroform (1:1) mixture was added 

to the tube, vortexed briefly and centrifuged (Eppendorf centrifuge 5415D) at 9000 rpm for 10 

mins. The upper aqueous phase containing DNA was transferred to a new microcentrifuge 

tube and mixed with 1/10 volume of 3 M sodium acetate and 2 volumes of absolute ethanol 

and centrifuged at 9000 rpm for 10 mins. The DNA pellet was washed with 70% ethanol and 

air dried. Finally the pellet was dissolved in sterile distilled (SDW) water and stored at -20 ˚C 

freezer. 
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2.3 Quantification of DNA 

The concentration of dsDNA was determined spectrophotometerically by taking the 

absorbance at 260 nm wavelength using water as blank.  DNA concentration was calculated 

by the formula: 

     DNA concentration (ug/ml) = E  OD260  dilution factor 

(E is extinction coefficient = 50 for dsDNA) 

2.4 Amplification of DNA  

2.4.1 PCR Amplification of DNA  

For amplification of DNA by PCR a final volume of 50 μl reaction mixture containing 

1  PCR buffer (75 mM Tris-HCl pH 8.8 at 25 ˚C, 20 mM (NH4)2SO4 and 0.01% tween 20), 

100 μM dNTPs, 1.5 mM MgCl2, 2.5 μM of each primer, 2.5 U of Taq DNA polymerase 

(Fermentas), and 100 ng of template DNA was prepared in a 0.25 ml or 0.5 ml thin walled 

PCR tube. The reaction mixture was incubated in thermal cycler (Eppendorf). The machine 

was programmed for a preheat treatment of 94 ˚C for 5 mins followed by 30 cycles of 94 ˚C 

for 1 min, 50 ˚C to 55 ˚C for 1 min and 72 ˚C for varying times (dependent upon the length of 

fragment to be amplified; typically 1 min per 1000 nucleotides to be amplified), followed by a 

final incubation of 20 min at 72 ˚C. Specific as well as universal primers were used for DNA 

amplification (Table 2.1).  
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Table 2.1 Name and sequence of Primers used in this study 

Primer Sequence 

SL1 5′ GGTACCACTACGGCTACGCAGCAGCC 3′ 

SL2 5′ GGTACCTACCCTCCCAGGGGTACAC 3′   

CLCV1 5′ CCGTGCTGCTGCCCCATTGTCCGCGTCAC 3′ 

CLCV2 5′ CTGCCACAACCATGGATTCACGCACAGGG  3′ 

HYF 5′ GAGCTCCCATGAACTCTTTAAAGTG 3′ 

HYR 5′ GAGCTCAAAGGGACTGGCAATC  3′ 

HOLF 5′ GGATTGCAGAGGAAGATTGTTG 3′ 

HOLR 5′ CTTAGGAACATCAGGGCTTCTG 3′ 

HCF 5′ TCTTGACAGTAGCGGTGCTG 3′ 

HCR 5′ TAAGAAGATTGTCGGTATGCCG 3′  

 

2.4.2 Rolling Circle Amplification 

Full length DNA-A and satellites were amplified by rolling circle amplification (RCA) 

method using TempliPhi 
TM

 DNA Amplification Kit (GE Healthcare, USA). In the reaction 

mixture 1 µl (10–20 ng) of DNA was mixed with 5 µl of sample buffer, 5 µl of reaction buffer 

and 0.2 µl of enzyme mix and the reaction was run for 18–20 h at 30 ˚C
 
. Then mixture was 

incubated at 65 ˚C for 10 mins to denature the enzyme (Khan et al., 2008; Idris et al., 2007).  

2.5 DNA Extraction from Agarose Gel 

The amplified DNA fragments of expected size were isolated from 0.8% agrose gel as 

per manufacturer’s instructions (QIAquick Gel Extraction Kit, Fermentas). The required band 

was viewed and cut under UV illuminator and transferred to a pre-weighed eppendorf tube, 

added binding solution (6 M sodium iodide solution) equal to 3 times of weight of gel slice  
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and incubated at 55 ˚C for 3 mins to melt the gel. 7 l of silica suspension was added, mixed 

gently and centrifuged at 9000 rpm for 30 sec. The supernatant was discarded and the pellet 

was washed with 500 l of wash buffer. The washing step was repeated three times. The 

pellet was dried and dissolved in 25 l of autoclaved distilled water. 

2.6 Cloning of Amplified DNA  

2.6.1 Cloning of PCR Product 

  PCR amplified DNA fragments purified from agarose gel were  quantified and ligated 

into the vector pTZ57R/T (Fig. 2.2) (InsT/Aclone
TM

 PCR Cloning Kit, Fermentas) according 

to the manufacturer’s instructions or into the pGEMT-Easy vector (Fig. 2.3) (Promega, 

Madison, WI).  While the partial dimers were sub cloned into the binary vector, pGreenII000 

(Fig. 2.4). A ligation reaction mixture of 30 μl containing 400 ng of purified DNA fragment, 

3 μl pTZ57R/T or pGEMT-Easy vector, 3 μl of 10X ligation buffer and 5 units T4 DNA 

Ligase, was prepared in a 1.5 ml microcentrifuge tube and incubated at 22 ˚C overnight in a 

water bath.  

 

Fig. 2.2 Map of the pTZ57R/T cloning vector. Unique restriction sites are indicated. (Image taken from 

http://www.fermentas.com/templates/files/tiny_mce/subsection_images/k121_2.gif) 

http://www.fermentas.com/templates/files/tiny_mce/subsection_images/k121_2.gif
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Fig. 2.3 Map of pGEM`
®
-T Easy Vector. Unique restriction sites are indicated. (Image taken from 

http://www.biocompare.com/Articles/ProductReview/1259/pGEM-T-Easy-Vector-Systems-From Promega.html) 

 

 

 

 

 

 

 

 

 

 

Fig. 2.4 Map of pGreenII000. (Image taken from http://www.pgreen.ac.uk/JIT/pGreen0000 fr.htm) 

http://www.biocompare.com/Articles/ProductReview/1259/pGEM-T-Easy-Vector-Systems-From%20Promega.html
http://www.pgreen.ac.uk/JIT/pGreen0000%20fr.htm
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2.6.2 Cloning of RCA Product 

RCA products were digested with a number of different restriction enzymes to select 

an enzyme with a single restriction site in the DNA components. EcoRI was found to have a 

single site in DNA-A and ApaI for seven alphasatellites while one alphasatellite had single 

restriction site for SacI. The products of the sizes ~2.8 kb and ~ 1.4 kb were cloned into the 

respective site of pGEM®-3Zf+ (Fig. 2.5) (Promega, Madison, WI) to produce the 

recombinant plasmids. Restricted RCA product and vector were extracted from gel using 

illustra GFX™ PCR DNA and Gel Band Purification Kit (GE Healthcare). Vector and insert 

were ligated in a reaction mixture of 20 μl containing 75-150 ng vector and 200-500 ng insert 

(approx. a 1:3 ratio), 4 μl 5X ligation buffer and 1 μl T4 DNA ligase. The ligation mixture 

was kept at 16 ˚C overnight and the following day transformed into competent E. coli cells. 

 

Fig. 2.5 Map of pGEM ®-3Zf (+) vector. Unique restriction sites are indicated.  (Image taken from 

http://www.promega.com/products/cloning-and-dna-markers/cloning-tools-and-competent-cells/pgem-and-psp-

subcloning-vectors/pgem_3zf-vectors/) 

 

 

http://www.promega.com/products/cloning-and-dna-markers/cloning-tools-and-competent-cells/pgem-and-psp-subcloning-vectors/pgem_3zf-vectors/
http://www.promega.com/products/cloning-and-dna-markers/cloning-tools-and-competent-cells/pgem-and-psp-subcloning-vectors/pgem_3zf-vectors/
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2.7 Preparation of Competent Cells  

2.7.1 Preparation of Competent Cells of Escherichia coli  

Competent cells were prepared using E. coli strain DH5-. A single colony from a 

freshly grown plate of E. coli cells was  transferred into 5 ml of LB medium in a test tube and 

incubated at 37 ºC for overnight in a shaking incubator (100 rpm).  2 ml of the overnight 

grown culture was inoculated to 50 ml LB in 250 ml flask and incubated in a shaking 

incubator at 37 ºC for 2 hours. The culture was chilled and transferred to 50 ml falcon tubes 

and centrifuged at 9000 rpm for 5 mins at 4 ºC to pellet down the cells. The cell pellet was 

resuspended in 10 ml of 50 mM CaCl2, left on ice for 40 mins and centrifuged again as 

described earlier. The pellet was resuspended in 2 ml of cold 50 mM CaCl2 and stored on ice 

until used or mixed with filter-sterilized cold glycerol (in approx. 3:1 ratio),  made aliquots of 

200 μl, shaked gently, frozen in liquid nitrogen and stored at -80 ºC.  

2.7.2 Preparation of Competent Agrobacterium tumefaciens Cells 

A single colony from a freshly grown plate of Agrobacterium tumefaciens (GV3101) 

was picked using a sterile toothpick and inoculated into 5 ml LB liquid medium with 25 

μg/ml rifampicin and incubated overnight in a shaker (255 rpm) at 28 ºC. Diluted the 

overnight grown culture in 100 ml media and incubated at 28 ºC shakers for 4 hours until 

OD600 was 0.5-0.8. The cells were transferred aseptically to ice cold 50 ml falcon tubes, 

chilled on ice for 30 mins and centrifuged at 3000×g for 15 mins at 4 ºC. The pellet was 

resuspended in 40 ml of sterile cold Hepes pH 7 and 10% glycerol and centrifuged. Cells were 

again resuspended in 2 ml of cold Hepes (pH 7) and 10% glycerol and centrifuged for 5 mins 

at 4 ºC.  Pellet was resuspended in 200 l cold strile 1 mM Hepes (pH 7) and 10% glycerol. 

Centrifuged it for 5 mins at 4 ºC. Resuspend each into 200 l cold strile 1 mM Hepes (pH 7) 

+ 10% glycerol. Aliquots of 50 l were made and stored at -80ºC. 
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2.8 Transformation of Competent Cells 

2.8.1 Transformation of Competent E. coli Cells  

Transformation of competent E. coli cells was carried out by the methods described by 

Sambrook and Russell (2001). The ligation mixture was added to thawed competent cells 

(200 μl), mixed gently and incubated on ice for 30 min. The cells were heat shocked at 42 ˚C 

in a dry bath. After 1-2 mins cells were transferred to ice and incubated for two mins. 1 ml of 

LB liquid medium was added to each tube and the tubes were placed in a shaker at 37 ˚C for 1 

hour. Transformed cells were spread on solid LB media plates with appropriate antibiotics 

and kept at 37 ˚C in an incubator for 16 hours.  

2.8.2 Transformation of Competent Agrobacterium tumefaciens Cells  

2 μl of the plasmid or ligation mixture was mixed with electro-competent A. 

tumefaciens cells on ice and transferred to a chilled electroporation cuvette. The 

electroporator (BTX Harvards) was set at 1.44 KV and the cuvette was inserted into the 

electric shock chamber and the start button was pressed. After the electric shock, 1 ml of LB 

liquid medium was added to the cells and the tube was placed in a shaker at 28 ˚C for 2 hours. 

The cells were finally spread on Petri plates containing AB minimal medium (K2HPO4, 3 g; 

NaH2PO4, 1 g; NH4Cl, 1 g; MgSO4.7H2O, 0.3 g; KCl, 0.15 g; CaCl2, 0.005 g; FeSO4.7H2O, 

0.0025 g; glucose 20% [w/v] [pH 7.2] in 1 L volume) supplemented with appropriate 

antibiotics and solidified with 1.4% agar. The plates were placed in an incubator (at 28 ˚C) for 

48 hours. 

2.9 Plasmid Isolation 

For plasmid isolation, a single white colony from overnight incubated plates was 

inoculated to 5 ml of LB medium, containing 100 µg/ml ampicillin. The culture was 

incubated overnight at 37ºC (150 rpm). The culture was centrifuged at 12000 rpm and the 
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supernatant was discarded. Pellet was resuspended in 250 µl of resuspension solution (see 

annexure 2) by vortexing and transferred the suspension to 1.5 ml tube. 250 µl of the lysis 

solution was added and mixed it by inverting the tube several times. Added 350 l of 

neutralizing solution and mixed it again by inverting tube several times. Centrifuged the tube 

content at 12000 rpm and supernatant was transferred to gene JET spin column. 

Centrifugation was performed at 12000 rpm for 1 minute. 500 µl of Wash solution was added 

to column and centrifuged it at 12000 rpm for 1 minute. Flow-through was discarded. Column 

was placed back in same tube. To remove any remaining liquid, centrifugation was performed 

for 1-2 mins. Transferred the column to new 1.5 ml tube and added 50 µl of elution buffer. 

Centrifugation was done for 1 minute. Purified plasmid was collected in the tube and stored at 

-20 ºC for future use. 

2.10 Agarose Gel Electrophoresis 

DNA was mixed with 5X loading dye and electrophoresed in 1% [w/v] agarose gels 

containing ethidium bromide (0.5 μg/ ml). Gels were prepared in a minigel apparatus (12 x 9 

cm) or midigel apparatus (18 x 15 cm), containing either 1X TBE (89 mM Tris, 89 mM boric 

acid, 2 mM EDTA) or 1X TAE (20 mM Tris-acetate and 0.5 mM EDTA [pH 8.0]) buffer. 

TBE gels were electrophoresed at approximately 40 volts and TAE gels at 100 volts. The 

ethidium bromide stained DNA was viewed using a short wavelength ultraviolet (UV) 

transilluminator (Eagle Eye-Stratagene) and fragment length estimated by comparison with a 

co-electrophoresed 1 kbp DNA ladder (Fermentas).  

2.11 Preparation of Glycerol Stocks  

To preserve bacterial cultures, glycerol stocks were prepared. In 1.5 ml Eppendorf 

tubes 300 μl filter sterilized glycerol and 700 μl of cell culture was mixed and stored at 80˚C 

freezer. To recover bacterial cultures from glycerol stocks, a small amount of the culture was 

streaked using a sterile loop on culture plates with solid growth medium and suitable 

antibiotics and incubated at suitable temperature.  
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2.12 Purification of DNA 

2.12.1 Gel Extraction and PCR Product Purification  

The digested or PCR amplified DNA was run on a 1% agarose gel stained with 

ethidium bromide and the desired fragments were excised from the gel using a scalpel on a 

UV transilluminator. DNA from the gel was isolated using an illustra GFX™ PCR DNA and 

Gel Band Purification Kit (GE Healthcare) as described by the manufacturer. The gel slice 

was placed in a 1.5 ml microcentrifuge tube. 600 μl of capture buffer (type 3) was added and 

incubated at 65 ˚C until the gel slice was completely dissolved. Transferred the liquid to 

microspin column and incubated at room temperature for 1 minute. Centrifuged at 16000  g 

for 30 seconds and discarded flow through. Added 500 l wash buffer and centrifuged for 30 

seconds. Discarded flow through and placed column in 1.5 ml fresh tube and added 20 l 

elution buffer, incubated at room temperature for 1 minute and centrifuged for 2 mins and 

used the eluted DNA. 

2.12.2 Phenol Chloroform Extraction of DNA  

To remove proteins from DNA solutions phenol: chloroform (1:1) extraction was 

used. An equal volume of phenol: chloroform was mixed with the DNA solution and vortexed 

until the mixture turned milky. The solution was centrifuged at 16,000 × g for 10 mins and the 

upper aqueous phase was transferred to a clean tube without disturbing the interface between 

the two phases. 1/10 volume 3 M sodium acetate (pH 5.4) and 2.5 volumes chilled absolute 

ethanol was mixed with the supernatant and placed at -20 ˚C for one hour. To pellet the DNA, 

the tube was centrifuged at 16,000 × g in a microfuge. DNA pellet was washed with 70% 

ethanol, air dried and dissolved in SDW.  
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2.13 Agroinoculation 

Infectious clones in the binary vector pGreenII000 were electroporated into 

Agrobacterium strain GV3101. For agroinoculation to N. benthmiana a single colony of 

recombinant Agrobacterium was picked with a sterile wire loop and inoculated into 50 ml AB 

minimal medium containing the required antibiotics and placed in a shaker (160 rotations per 

minute) at 28 ˚C until the O.D 600 of the culture was 1. The cells were harvested by 

centrifugation at 3220 × g for 8 mins and resuspended in AB minimal medium (pH 5.6) 

containing acetosyringone (final concentration 100 μM).  

For agroinoculation to N. benthamiana and N. tabacum, plants at the 4 to 5 leaf stage 

were not watered for 24 hours before inoculation. The Agrobacterium inoculum was 

infiltrated into fully expanded leaves using a 5 ml sterile syringe. Plants were grown in a 

growth room at 25 ˚C with supplementary lighting to give a 16 hour photoperiod.  

2.14 Sequence and Phylogenetic Analyses 

The DNA sequences were aligned and edited using EditSeq and SeqMan software 

(DNAStar Inc., Madison, WI, USA). Full length genome sequences were submitted in 

GenBank. Initially sequence similarity was found by BLASTn search program 

(http://www.ncbi.nih.gov/BLAST/). The sequences of close relatives of each component were 

taken from GenBank and included in the analysis. Pairwise percentage nucleotide identity was 

calculated using ClustalV, available in the DNASTAR package. 

For phylogenetic analysis, the tree was generated using the Neighbor-Joining method 

in ClustalX2 (Larkin et al., 2007) and displayed, manipulated and printed using Treeview (Page, 

1996). The percentage of replicate trees in which the associated taxa clustered together in 

bootstrap test (1,000 replicates) is shown next to the nodes. 

 

http://www.ncbi.nih.gov/BLAST/
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2.15 Recombination Analysis 

The recombinantion analysis was carried out using RDP (Martin and Rybicki, 2000), 

GENECONV (Padidam et al., 1999), BOOTSCAN (Martin et al., 2005), MaxChi (Smith, 

1992), Chimaera (Posda and Crandall, 2001) and SisterScan (Gibbs et al., 2000), all of which 

are implemented in RDP3. It is a window based program used to detect and analyze 

recombination in aligned input sequences. A ClustalV (Megalign, DNASTAR Madison, WI, 

USA) multiple sequence alignment of closely related begomovirus sequences were subjected 

to analysis by RDP3. Highest acceptable probability value P= 0.5 was used.  

2.16 Construction of Infectious Clones and Infectivity Assays 

Plasmids carrying full length genomes of Hollyhock yellow vein mosaic virus 

(HoYVMV), Croton yellow vein mosaic virus (CYVMV-Hol), Kenaf leaf curl betasatellite 

(KLCuB-Hol) and Hollyhock leaf curl virus (HoLCuV) were selected for construction of 

infectious clones. Multiple fragment ligation approach was used to subclone DNA-A 

components of all begomviruses and betasatellites into binary vectors as partial tandem 

repeats.  

Partial tandem repeat (1.5 mer) of HoYVMV was construed in pGreenII000 using 

restriction enzymes SacI and SpeI. Infectious clone of CYMV-Hol was constructed by 

subcloning 1.3 mer of CYVMV-Hol in pGreenII000 using BamHI and ClaI. Partial dimer (1.2 

mer) of HoLCuV was constructed and subcloned in pGreenII000 using unique restriction sites 

of XbaI and HindIII.  Betasatellite (KLCuB-Hol) was subcloned as partial tandem repeats in 

pGreenII000 (1.8 mer) using EcoR1 and BamH1 (Fig. 2.6) (Idris et al., 2007).  Recombinant 

binary vectors were used to transform E.coli strain DH5-α (Sambrook and Russell, 2001). 
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Fig. 2.6 Map of partial dimers (infectious clones) of begomoviruses and betasatellites (a) Partial dimer of 

CYVMV-Hol (b) Partial dimer of HoYVMV (c) Partial dimmer of HoLCuV (d) Partial dimer of KLCuB-Hol-1 

and KLCuB-Hol-2 

Infectivity analysis was carried out in two sets of experiments. In the first experiment 

recombinant plasmids carrying tandem repeats of HoYVMV, CYVMV-Hol and KLCuB-Hol 

were inoculated by Biolistic gun (BioRad). While in second set of experimet HoLCuV and 

KLCuB-Hol were used to infect the plants using same gene gun. Young seedlings of Cotton 

(Gossypium hirsutum) and N. benthamiana plants at 2-3 leaf stage (14 plants each 

experimental group and 2 control plants) were bombarded with tungsten microprojectiles 

(BioRad) coated with DNA. To prepare inoculation mixture for a set of four plants, 10 l of 

plasmid DNA having equal proportion of each component (final concentration 1 g of the 
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mixture of DNA) was taken in a tube and total volume was made 15 l by adding TE buffer.  

To another tube added 5.0 mg of tungsten particles (Tungsten particle size 1.1 m). Added 

250 l of 100% ethanol to tungsten particles and mixed by vortexing. Mixture was incubated 

on ice for 5 mins and again vortexed. The mixture was centrifuged to pellet the particles at 

12000 rpm for 10 sec. Ethanol was removed and discarded and 500 l of sterile distilled H2O 

was added to tungsten particles, mixed by vortex and centrifuged. Discarded the water, 

repeated this step again as described above and added 100 l sterile distilled H2O to tungsten. 

The mixture was transferred to the tube containing DNA and 110 l CaCl2 was added to each 

tube and mixed by vortexing. Added 45 l of 0.1 M spermidine to the tube mixed and 

incubated on ice for 10 mins. Centrifuged, removed supernatant and added 250 l of 100% 

ethanol.  Mix by vortex, centrifuged and pipette off ethanol. Added 120 l of 100% ethanol to 

each batch, mixed well and placed on ice. Loaded 30 l of well suspended projectile 

suspension on each macro-carrier and allowed to dry (Ariyo et al., 2006). 

Cotton plants were bombarded using 1300 psi pressure and N. benthamiana plants 

were bombarded using 600 psi pressure. Negative control included non-inoculated plants and 

plants bombarded only with water. Bombardments were performed using the BioRad gene 

gun according to the manufacturer’s instructions.   

The test plants were maintained at 27 ˚C in an insect free containment room under 

growth conditions of 16 hour daily light period. Plants were monitored post-inoculation for 

symptom development. Symptomatic plants were photographed, total DNA was extracted  

and presence of virus in symptomatic plants was confirmed using SL1 and SL2 primers for 

betasatellites, HOLF and HOLR primers for HoYVMV and CLCV1 and CLCV2 primers for 

CYVMV-Hol and HCF and HCR primers for HoLCuV (Table 2.1). 
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CHAPTER 3 

RESULTS 

3.1 Hollyhock Yellow Vein Mosaic Sample 

3.1.1 Nucleotide Sequence Analyses 

The nucleotide sequences of two begomoviruses, one betasatellite and eight 

alphasatellite genomes were determined to their entirety. The sequences were submitted in 

GenBank under the accession numbers shown in Table 3.1.  

Table 3.1 Begomovirus/Satellite sequences with the respective acronymn and GenBank accession number 

reported from hollyhock yellow vein mosaic sample 

Virus/Satellite name Acronym GenBank 

Accession 

No. 

Hollyhock  yellow vein mosaic virus-

[Pakistan:Lahore:2006] 

HoYVMV-

[PK:Lh:06] 

FR772081 

 

Croton yellow vein mosaic virus-[Pakistan:Lahore-

Hollyhock:2006] 

CYVMV-[PK:Lh-

Hol:06] 

FN678906 

Kenaf leaf curl betasatellite- [Pakistan:Lahore-

Hollyhock:2006]  

KLCuB-[PK:Lh-

Hol:06] 

FN678779 

Hollyhock yellow vein mosaic alphasatellite-1 

[Pakistan:Lahore:2006] 

HoYVMA-

1[PK:Lh:06] 

FR772086 

Hollyhock yellow vein mosaic alphasatellite-2 

[Pakistan:Lahore:2006] 

HoYVMA-

2[PK:Lh:06] 

FR772088 

Cotton leaf curl Burewala alphasatellite-[Pakistan: 

Lahore-Hollyhock:2006] 

CLCuBuA-[PK:Lh-

Hol:06]  

FR772089 

Cotton leaf curl Burewala alphasatellite-[Pakistan: 

Lahore-Hollyhock:2006] 

CLCuBuA-[PK:Lh-

Hol:06]  

FR772090 
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Table 3.1 continued…….. 

Cotton leaf curl Burewala alphasatellite-[Pakistan: 

Lahore-Hollyhock:2006] 

CLCuBuA-[PK:Lh-

Hol:06]  

FR772091 

Cotton leaf curl Burewala alphasatellite-[Pakistan: 

Lahore-Hollyhock:2006] 

CLCuBuA-[PK:Lh-

Hol:06]  

FR772092 

Ageratum yellow vein alphasatellite-[Pakistan:Lahore-

Hollyhock:2006] 

AYVA-[PK:Lh-

Hol:06] 

FR772085 

Gossypium mustelinum symptomless alphasatellite-

[Pakistan:Lahore-Hollyhock:2006] 

GMSA-

[PK:Lh:Hol:06]  

FR772087 

The genome of one begomovirus DNA-A (FN678906) was 2,752 nucleotides and it 

shared highest nucleotide identity of 89.8% with Croton yellow vein mosaic virus (CYVMV) 

(FN6445926). As the maximum nucleotide identity was more than 89% but less than 93%, so 

according to begomovirus species demarcation criteria (Fauqet et al., 2008), it was a new 

strain of CYVMV and the strain descriptor Croton yellow vein mosaic virus-[Hollyhock] 

(CYVMV-Hol) was suggested for this new strain. The genome size of second DNA-A 

component (FR772081) was 2,750 nucleotides and it exhibited a maximum of 87.2% 

nucleotide identity with Mesta yellow vein mosaic virus (MYVMV) (FJ159265). As the 

identity was less than 89%, so it was regarded as a new species according to begomovirus 

species demarcation criteria (Fauqet et al., 2008) and the name Hollyhock yellow vein mosaic 

virus was suggested. A total of six ORFs were found in HoYVMV like other monopartite 

begomoviruses. Two ORFs (AV1 and AV2) were found in virion sense and four ORFs (AC1, 

AC2, AC3 and AC4) were observed in complementary sense. Moreover intergenic region 

(IR) was also present in target genome sequence. The length of intergenic region was 279 

nucleotides and the universally conserved hairpin was predicted to exist, including the 

conserved nonanucleotide sequence TAATATTAC. The TATA box comprising of nucleotide 

sequence TATATA for Rep promoter was predicted to be present at position 2658-2663 in the 

genome. The presence of three Rep-binding sites (iterons) was predicted, comprising of 

nucleotide sequence GGTACC, in the genome. Two iterons were predicted upstream of 

TATA box at positions 2616-2621 and 2651-2656 while the presence of third iteron sequence 

was predicted down stream of TATA box at position 2670-2675 in the genome (Fig. 3.1).   
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Fig. 3.1 Schematic representation of important features of intergenic region of HoYVMV including Rep-binding 

sites (iterons), TATA box and structure of hair pin showing nonanucleotide (underlined) 

The size of AV1 ORF of HoYVMV was 771 nucleotides and was present at position 

291-1062 in the genome. On the basis of deduced amino acid sequence it was predicted that 

the AV1 ORF that encodes for coat protein consists of 256 amino acids having molecular 

weight 29.7 kDa. Detailed analysis of the protein showed that out of total 256 amino acids, 43 

were strongly basic (K, R), 19  were strongly acidic (D, E), 77 were hydrophobic (A, I, L, F 

,W, V) and 79 were polar (N, C, Q, S, T, Y). AV1 ORF displayed a maximum homology with 

AV1 ORF of MYVMV having 93% nucleotide sequence identity and 97% amino acid 

sequence identity. 

The size of AV2 ORF of HoYVMV was 348 nucleotides and was present at position 

131-478 in the genome. On the basis of deduced amino acid sequence it was predicted that the 

AV2 ORF that encodes transcriptional activator protein (TrAP) was consisted of 115 amino 

acids with molecular weight 13.3 kDa. Detailed analysis of the protein showed that out of 

total 115 amino acids, 12 were strongly basic (K, R), 14  were strongly acidic (D, E), 32 were 

hydrophobic (A, I, L, F ,W, V) and 36 were polar (N, C, Q, S, T, Y). AV2 ORF displayed a 

maximum homology with AV2 ORF of MYVMV having 95% nucleotide sequence identity 

and 95% amino acid sequence identity. The presence of AV2 ORF indicates that HoYVMV 

has a typical OW begomovirus genome. 

The size of AC1 ORF of HoYVMV was 1092 nucleotides and was present at position 

1510-2601 in the genome. On the basis of deduced amino acid sequence it was predicted that 

the AC1 ORF encoding the replication-associated protein (Rep) was consisted of 363 amino 

acids with molecular weight 40.9 kDa. Detailed analysis of the protein showed that out of 

total 363 amino acids, 39 were strongly basic (K, R), 45  were strongly acidic (D, E), 113 

were hydrophobic (A, I, L, F ,W, V) and 109 were polar (N, C, Q, S, T, Y). AC1 ORF 

displayed a maximum homology with AC1 ORF of OYVMV having 93% nucleotide 

sequence identity and 95% amino acid sequence identity. 
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The size of AC2 ORF of HoYVMV was 453 nucleotides and was present at position 

1161-1613 in the genome. On the basis of deduced amino acid sequence it was predicted that 

the AC2 ORF that encodes for transcriptional activator protein (TrAP) consists of 150 amino 

acids having molecular weight 17.1 kDa. Detailed analysis of the protein showed that out of 

total 150 amino acids, 19 were strongly basic (K, R), 15  were strongly acidic (D, E), 33 were 

hydrophobic (A, I, L, F ,W, V) and 54 were polar (N, C, Q, S, T, Y). AC2 ORF displayed a 

maximum homology with AC2 ORF of MYVMV having 93% nucleotide sequence identity 

and 87% amino acid sequence identity. 

The size of AC3 ORF of HoYVMV was 405 nucleotides and was present at position 

1064-1468 in the genome. On the basis of deduced amino acid sequence it was predicted that 

the AC3 ORF that encodes for replication enhancer protein (REn) consists of 134 amino acids 

having molecular weight 15.7 kDa. Detailed analysis of the protein showed that out of total 

134 amino acids, 14 were strongly basic (K, R), 11  were strongly acidic (D, E), 54 were 

hydrophobic (A, I, L, F ,W, V) and 38 were polar (N, C, Q, S, T, Y). AC3 ORF displayed a 

maximum of 90% nucleotide sequence homology with AC3 ORF of MYVMV while it 

displayed a maximum of 82% amino acid sequence identity with AC3 ORF of MYVMV and 

CLCuMV. 

The size of AC4 ORF of HoYVMV was 309 nucleotides and was present at position 

2142-2450 in the genome. On the basis of deduced amino acid sequence it was predicted that 

the AC4 ORF that encodes a protein which is a determinant of symptom expression, consists 

of 102 amino acids having molecular weight 11.4 kDa. Detailed analysis of the protein 

showed that out of total 102 amino acids, 12 were strongly basic (K, R), 9  were strongly 

acidic (D, E), 19 were hydrophobic (A, I, L, F ,W, V) and 44 were polar (N, C, Q, S, T, Y). 

AC4 ORF displayed a maximum homology with AC4 ORF of OYVMV having 97% 

nucleotide sequence identity and 91% amino acid sequence identity (Table 3.2). 
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Table 3.2 Analysis of Predicted ORFs and deduced Proteins of HoYVMV. 

Features Of 

ORFs 

Open Reading Frames 

AV1 AV2 AC1 AC2 AC3 AC4 

Nucleotide Sequence Analysis 

Size of ORF  771 348 1092 453 405 309 

Position of ORF in 

the Genome 

291-1061 131-478 1510-2601 1161-1613 1064-1468 2142-2450 

Closest Relative MYVMV MYVMV OYVMV MYVMV MYVMV OYVMV 

Maximum%  

Homology 

93 95 93 93 90 97 

Amino Acid Sequence Analysis 

Number of Amino 

Acids 

256 115 363 150 134 102 

Molecular Weight 

of Deduced Protein 

(kDa) 

29.7 13.3 40.9 17.1 15.7 11.4 

Closest Relative 

 

MYVMV MYVMV OYVMV MYVMV MYVMV 

and 

CLCuMV 

OYVMV 

Maximum% 

Homology 

97 95 95 87 82 91 

Amino Acid Composition of Proteins 

Strongly Basic 

Amino Acids (K, R) 

43 12 39 19 14 12 

 

Strongly Acidic  

Amino Acids (D, E) 

19 14 45 15 11 9 

Hydrophobic  

Amino Acids 

(A,I,L,F,W,V) 

77 32 113 33 54 19 

Polar Amino Acids 

(N,C,Q,S,T,Y) 

79 36 109 54 38 44 

 

The complete genome sequence of betasatellite (FN678779) was 1,346 nucleotides 

long and it shared a maximum nucleotide identity of 81.2% with Kenaf leaf curl betasatellite 

KLCuB (EF620566) reported from India. As maximum percentage nucleotide identity was 

more than 78%, so it was regarded as an isolate of previously reported species of KLCuB, 

according to recommendations for classification and nomenclature of betasatellites (Briddon 

et al., 2008). The isolate descriptor for this betasatellite was suggested as Kenaf leaf curl 

betasatellite – [Hollyhock-1] (KLCuB-Hol-1).  All the important features of betasatellite 

genome were found in KLCuB-Hol-1 including single open reading frame encoding C1 

protein, satellite conserved region containing highly conserved nonanucleotide sequence and 

A-rich region. The size of C1 ORF of KLCuV-Hol was 357 nucleotides and was present at 
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position 195-551 in the genome. On the basis of deduced amino acid sequence it was 

predicted that the C1 ORF that encodes a protein which up regulates replication of helper 

virus and suppress host defense, consists of 118 amino acids having molecular weight 13.8 

kDa. Detailed analysis of the protein showed that out of total 118 amino acids, 12 were 

strongly basic (K, R), 17 were strongly acidic (D, E), 42 were hydrophobic (A, I, L, F ,W, V) 

and 28 were polar (N, C, Q, S, T, Y).  

Four out of eight characterized alphasatellites (FR772089, FR772090, FR772091 and 

FR772092) having genome sizes 1,368, 1,365, 1,364 and 1,367 nucleotides, respectively, 

were sharing 84.8, 85.6, 85.6 and 84.8 % nucleotide identity with already reported Cotton leaf 

curl Burewala alphasatellite (CLCuBA) (FN658729). So these were the isolates of CLCuBA 

and the isolate descriptor Cotton leaf curl Burewala alphasatellite – [Hollyhock-1] 

(CLCuBA-Hol-1), Cotton leaf curl Burewala alphasatellite – [Hollyhock-2] (CLCuBA-Hol-

2), Cotton leaf curl Burewala alphasatellite – [Hollyhock-3] (CLCuBA-Hol-3) and Cotton 

leaf curl Burewala alphasatellite – [Hollyhock-4] (CLCuBA-Hol-4) were suggested for these 

isolates, respectively. One of the reported alphasatellite (FR772087) had genome consisting of 

1,360 nucleotides; sharing 83.5% nucleotide sequence identity with a previously reported 

alphasatellite from cotton named Gossypium mustelinum symptomless alphasatellite (GMSA) 

(FJ218496), so it was an isolate of GMSA and the isolate descriptor Gossypium mustelinum 

symptomless alphasatellite - [Hollyhock] (GMSA-Hol] was suggested for it. While another 

alphasatellite (FR772085), comprising of 1,368 nucleotides, exhibitied a maximum of 90.3% 

nucleotide identity with Ageratum yellow vein alphasatellite (AYVA) (AJ512949). It was 

declared as an isolate of AYVA, with isolate descriptor Ageratum yellow vein alphasatellite – 

[Hollyhock] (AYVA-Hol). Two of the characterized alphasatellites (FR772086 and 

FR772088) were sharing less than 83% nucleotide sequence identity with already reported 

alphasatellites, thus were considered new species. Alphasatellite FR772086 (1,360 

nucleotides long) was showing a maximum of 62.3% nucleotide sequence identity with 

already reported alphasatellite from cotton, Gossypium davidsonii symptomless alphasatellite 

(GDSA) (EU384652), it was a novel species and the name Hollyhock yellow vein mosaic 

alphasatellite-1 (HoYVMA-1) was proposed for this species. The second alphasatellite 

(FR772088) consisting of 1,384 nucleotides was sharing a maximum of 80.3% nucleotide 
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sequence identity with Sida leaf curl alphasatellite (SiLCA) (DQ641717), so it was also a 

novel species and the name Hollyhock yellow vein mosaic alphasatellite-2 (HoYVMA-2) was 

suggested for this novel species. 

Both of the new alphasatellites had typical begomovirus associated alphasatellite like 

genome with one ORF encoding Rep associated protein, adenine rich region and stem loop 

structure with conserved nonanucleotide sequence TAGTATTAC.  Nonanucleotide sequence 

was same in both alphasatellites while stem sequence was slightly different (Fig. 3.2). 

 

Fig. 3.2 Analysis of stem and loop sequences of alphasatellites. Nonanucleotide is underlined. (A) Stem loop 

sequence of Hollyhock yellow vein alphasatellite-2 (B) Stem loop sequence of Hollyhock yellow vein 

alphasatellite-1 

The size of single ORF of HoYVMA-1 was 870 nucleotides and was present at 

position 80-949 in the genome. On the basis of deduced amino acid sequence it was predicted 

that the ORF that encodes replication associated protein consists of 289 amino acids having 

molecular weight 33.8 kDa. Detailed analysis of the protein showed that out of total 289 

amino acids, 38 were strongly basic (K, R), 38 were strongly acidic (D, E), 88 were 

hydrophobic (A, I, L, F ,W, V) and 73 were polar (N, C, Q, S, T, Y).  

 

The size of single ORF of HoYVMA-2 was 948 nucleotides and was present at 

position 79-1026 in the genome. On the basis of deduced amino acid sequence it was 

predicted that the ORF that encodes replication associated protein consists of 315 amino acids 

having molecular weight 36.8 kDa. Detailed analysis of the protein showed that out of total 

315 amino acids, 45 were strongly basic (K, R), 41 were strongly acidic (D, E), 98 were 

hydrophobic (A, I, L, F ,W, V) and 82 were polar (N, C, Q, S, T, Y).  
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3.1.2 Phylogenetic Analyses 

Phylogenetic trees were constructed using the Neighbor-Joining method in ClustalX2 

software and the percentage of replicate trees in which the associated taxa clustered together 

in bootstrap test (1,000 replicates) were shown next to the nodes. 

For the phylogenetic analysis, two begomovirus DNA-A components were compared 

with the twenty one already reported begomovirus sequences, randomly selected from 

GenBank (Table 3.3).  

Table 3.3 Begomovirus sequences used in phylogenetic and other comparative sequence analyses with 

begomoviruses reported from hollyhock yellow vein mosaic sample, showing the respective acronymn and 

GenBank accession numbers. 

 Geminivirus Acronym GenBank 

Accession 

No. 

Bhendi yellow vein Delhi virus- [2004:New Delhi] BhYVDV-[N: Deh:04] FJ515747 

Cotton leaf crumple virus-Arizona 

[Mexico:Sonora:1991]  

CLCrV-

AZ[MX:Son:91] 

AF480940 

Cotton leaf crumple virus-Arizona [United States of 

America:Arizona:1991]  

CLCrV-AZ[US:Ari:91] AY083350 

Cotton leaf curl Alabad virus-[Pakistan:Alabad 

804a:1996]  

 CLCuAV-

[PK:A804a:96] 

AJ002452 

Cotton leaf curl Burewala virus - 

[Pakistan:Vehari:2006]  

CLCuBuV-

[PK:Veh:06] 

AM421522 

Cotton leaf curl Gezira virus-Sudan [Sudan:Gezira]  CLCuGV-SD[SD:Gez] AF260241 

Cotton leaf curl Kokhran virus-Manisal 

[Pakistan:Manisal806b:1996] 

CLCuKV-

Man[PK:M806b:96] 

AJ002449 

Cotton leaf curl Multan virus-

Faisalabad[Pakistan:Yazman:62:1995]  

CLCuMV-

Fai[PK:Y62:95] 

AJ002447 

Cotton leaf curl Rajasthan virus-

[Pakistan:Faisalabad:2005] 

CLCuRV-[PK:Fai:05] AM501481 
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Table 3.3 continued…….. 

Croton yellow vein mosaic virus-[India:Punjab:2007] CYVMV-[IN:PU:07]  FN645926 

Hollyhock leaf crumple virus-[Egypt:Cairo:1997]  HoLCrV-[EG:Cai:97] AY036009 

Hollyhock leaf crumple virus-[Egypt:Giza]  HoLCrV-[EG:Giz] AF014881 

Kenaf leaf curl virus-[India:Kaisarganj:2007] KLCuV-[IN:KA:07]  EU366903 

Malvastrum yellow vein virus-

[China:Yunnan206:Ageratum:2003] 

MaYVV-

[CN:Yn206:Age:03] 

AJ744881 

Mesta yellow vein mosaic virus-

[India:Coochbehar:2008] 

MYVMV-[IN:CO:08] FJ159265 

Okra yellow crinkle virus-[Mali:02:2005]  OYCrV-[ML:02:05] DQ875879 

Okra yellow vein mosaic virus-

[Pakistan:Faisalabad201:1995] 

OYVMV-

[PK:Fai201:95] 

AJ002451 

Papaya leaf curl virus-Pakistan 

[Pakistan:Cotton:2002]  

PaLCuV-

PK[PK:Cot:02] 

AJ436992 

Tomato leaf curl Karnataka virus-

Bangalore[India:Bangalore:1993] 

ToLCKV-

Ban[IN:Ban:93] 

U38239 

Tomato leaf curl New Delhi virus-

India[India:Meerut:Potato:2005] 

ToLCNDV-

IN[IN:Mer:Pot:05] 

EF043231 

Tomato leaf curl Rajasthan virus-

[India:Rajasthan:2005]  

ToLCRV-[IN:Raj:05] DQ339117 

Phylogenetic analysis based on full length genome sequence of DNA-A components 

revealed that Hollyhock yellow vein mosaic virus (HoYVMV) grouped in a cluster together 

with Mesta yellow vein mosaic virus (MYVMV), Malvastrum yellow vein virus (MaYVV) 

and Kenaf leaf curl virus (KLCuV), all reported to infect malvaceous plants in Indian 

subcontinent with 100% bootstrap values. HoYVMV was outlying in the phylogenetic tree 

from Hollyhock leaf crumple virus (HoLCrV), reported to infect hollyhock in Egypt. The 

Croton yellow vein mosaic virus – [Hollyhock] (CYVMV-Hol) clustered with already 

reported CYVMV, sharing 99.8% bootstrap value (Fig. 3.3). The results indicated that 

HoYVMV and CYVMV-Hol were clustered along with other old world begomoviruses 

infecting the hosts from same family and in same geographical location. Furthermore, they 
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were well segregated from the new world begomoviruses infecting the same host i.e. 

hollyhock.  

 

Fig. 3.3 Phylogenetic analysis of Begomoviruses of this study with selected Begomovirus sequences. The tree 

was generated using the Neighbor-Joining method in ClustalX2 (software). The percentage of replicate trees in 

which the associated taxa clustered together in bootstrap test (1,000 replicates) are shown next to the nodes. The 

Begomoviruses reported in this study are highlighted.  
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Phylogenetic analysis of Kenaf leaf curl betasatellite (KLCuB-Hol-1] was done while 

comparing it with sixteen, already reported, betasatellites (randomly selected from NW and 

OW betasatellite sequences) (Table3.4).  

Table 3.4 Betasatellite sequences used in phylogenetic and other comparative sequence analyses with 

betasatellite reported from hollyhock yellow vein mosaic sample, with the respective acronymn and GenBank 

accession numbers. 

Betasatellite Acronym GenBank 

Accession 

No. 

Ageratum yellow vein SriLanka betasatellite- [Sri 

Lanka:Ageratum:2003]  

AYVSLB-[SL:Ag:03] AJ542498 

Bhendi yellow vein betasatellite-

[Pakistan:Bahawalpur:1997] 

BYVB-[PK:Bah:97] AJ316030 

Chilli leaf curl betasatellite-

[Pakistan:Multan55:2004] 

ChLCB-[PK:Mu55:04] AM279671 

Cotton leaf curl Gezira betasatellite-[Sudan:Sida 

32:1996]  

CLCuGB-[SD:Si32:96] AY077798 

Cotton leaf curl Gezira betasatellite-[Egypt:Okra 

3:2000] 

CLCuGB-[EG:Ok3:00] AF397217 

Cotton leaf curl Multan betasatellite-

[India:Basirhat:Hibiscus:2005] 

CLCuMB-

[IN:Bas:Hib:05] 

DQ298137 

Cotton leaf curl Multan betasatellite-

[India:Bongaon:Kenaf:2006] 

CLCuMB-

[IN:Har05:Ken:06] 

EF614158 

Croton yellow vein mosaic betasatellite-

[Pakistan:Punjab:2006] 

CroYVMB-[PK:Pun:06] AM410551 

Kenaf leaf curl betasatellite- [India:Bahraich 

03:2006]  

KLCuB-[IN:Bah03:06] EF620566 

Malvastrum yellow vein betasatellite-

[China:Yunnan 206:2003] 

MaYVB-[CN:Yn206:03] AJ744882 

Mesta yellow mosaic betasatellite-

[India:Bahraich:2006] 

MeYMB-[IN:Bah:06] EF614160 



Results 

 46 

 

Table 3.4 continued…….. 

Okra leaf curl betasatellite-[Pakistan:Gojra:1997] OLCuB-[PK:Goj:97] AJ316029 

Papaya leaf curl betasatellite-

[India:Chinthapalli:2005] 

PaLCuB-[IN:Chi:05] DQ118862 

Sida yellow vein betasatellite-[India:Madurai:2005] SiYVB-[IN:Mad:05] AJ967003 

Tomato leaf curl Bangalore betasatellite-

[India:Bangalore:2003] 

ToLCBB-[IN:Ban:03] AY428768 

Tomato yellow leaf curl Chinabetasatellite-

[China:Yunnan 10:2000] 

TYLCCNB-

[CN:Yn10:00] 

AJ421621 

 

Phylogenetic analysis based on an alignment of the nucleotide sequences of Kenaf leaf 

curl betasatellite – [Hollyhock-1] (KLCuB-Hol-1) with selected betasatellites showed that the 

KLCuB-Hol-1 grouped in same cluster along with already reported Kenaf leaf curl 

betasatellite (KLCuB), Mesta yellow mosaic betasatellite (MeYMB), and Cotton leaf curl 

Multan betasatellite (CLCuMB). All these satellites have been reported from India and 

Pakistan infecting plants of family malvaceae (Fig. 3.4). On the basis of this analysis KLCuB-

Hol-1 was grouped in the cluster of reported betasatellites infecting the plants of family 

malvaceae from the same geographical region. Furthermore, it was concluded that it was 

segregated from Cotton leaf curl Gezira betasatellite (CLCuGB) reported from Africa, 

infecting okra (Tiendrébéogo et al., 2010). 
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Fig. 3.4 Phylogenetic analysis of Betasatellite repoted in this part of present study with selected Betasatellite 

sequences. The tree was generated using the Neighbor-Joining method in ClustalX2 (software). The percentage 

of replicate trees in which the associated taxa clustered together in bootstrap test (1,000 replicates) are shown 

next to the nodes. The Betasatellite reported in this study is highlighted. 
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For phylogenetic anaysis of alphasatellites cloned from hollyhock yellow vein mosaic 

sample, eight alphasatellites reported in this part of present study were compared with 

seventeen previously reported alphasatellites (Table 3.5). 

Table 3.5 Alphasatellite sequences used in phylogenetic and other comparative sequence analysis with 

alphasatellites reported from hollyhock yellow vein mosaic sample, with the respective acronymn and GenBank 

accession numbers. 

Alphasatellite Acronym GenBank 

Accession 

No. 

Ageratum enation virus alphasatellite-

[India:Kangra:2009]  

AEVA-[IN:Ka:09]  FN543100 

Ageratum yellow vein alphasatellite-

[Pakistan:NOB4:2001] 

AYVA-

[PK:NOB4:01] 

AJ512949 

Cotton leaf curl Burewala alphasatellite-[India: 

Rajasthan :2010] 

CLCuBuA-

[IN:Ra:10]  

FN658729 

Cotton leaf curl multan alphasatellite-

[Pakistan:G2:2001] 

CLCuMA-

[PK:G2:01] 

AJ512957 

Croton yellow vein mosaic alphasatellite-[India:2010]  CrYVMA-[IN:10]  FN658709 

Gossypium davidsonii symptomless alphasatellite-

[Pakistan:Dav-alphaB-7:2008] 

GDSA-[PK:Da:08]  EU384652 

Gossypium mustelinum symptomless alphasatellite-

[Pakistan:2008] 

GMSA[PK:08]  FJ218496 

Malvestrum yellow mosaic alphasatellite-

[China:Hainan:2005] 

MalYMA-

[CN:Hn38:05] 

AM236764 

Okra leaf curl alphasatellite-[Pakistan:NOB3:2001]  OLCA-[PK: NOB3: 

01] 

AJ512954 

Sida leaf curl alphasatellite -[Viet Nam: Thanhhoa:2005]  SiLCA-

[VN :Tha :05] 

DQ641717 
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Table 3.5 continued…….. 

Sida leaf curl alphasatellite-[China:Hainan60:2005]  SiLCA-

[CN:Hn60:05] 

AM050735 

Sida yellow vein Vietnam alphasatellite-[ Viet Nam: 

Hanoi:2005] 

SiYVVA-

[VN:Han:05] 

DQ641718 

Tobacco curly shoot alphasatellite-

[China:Yunnan115:2002] 

TbCSA-

[CN:Yn115:02] 

AJ579346 

Tobacco leaf curl Yunnan alphasatellite-

[China:Yunnan143:2002]  

TbLCYnA-

[CN:Yn143:02] 

AJ579361 

Tobacco leaf curl Yunnan alphasatellite-

[China:Yunnan276:2005] 

TbLCYnA-

[CN:Yn276:04] 

AJ888455 

Tomato leaf curl pakistan alphasatellite-

[Pakistan:Faisalabad:2009]  

ToLCuPA-

[PK:Fai:09]     

FM164939 

Tomato yellow leaf curl China alphasatellite-

[China:Yunnan87:2002]  

TYLCCNA-

[CN:Yn87:02] 

AJ579357 

Phylogenetic analysis based upon full length alphasatellite sequence revealed that all 

four isolates of Cotton leaf curl Burewala alphasatellite (CLCuBuA-Hol-1, CLCuBuA-Hol-2, 

CLCuBuA-Hol-3 and CLCuBuA-Hol-4) reported in this study, grouped in the same cluster 

along with one already reported alphasatellite i.e. Cotton leaf curl Burewala alphasatellite 

(CLCuBuA). Similarly Ageratum yellow vein alphasatellite (AYVA-Hol) characterized in 

present study also clustered with the previously reported Ageratum yellow vein alphasatellite 

(AYVA) from Pakistan.  Gossypium mustelinum symptomless alphasatellite (GMSA-Hol) 

clustered with Tomato leaf curl Pakistan alphasatellite (ToLCuPA) and previously reported 

strain of Gossypium mustelinum symptomless alphasatellite (GMSA) with 95% bootstrap 

value. The novel alphasatellite species Hollyhock yellow vein mosaic alphasatellite-1 

(HoYVMA-1) grouped in a cluster with GMSA, ToLCuPA, Gossypium davidsonii 

symptomless alphasatellite (GDSA) and Croton yellow vein mosaic alphasatellite (CrYVMA) 

but it was not closely related with these alphasatellites as evident from its branching at a 

distance from these alphasatellites in the phylogenetic tree.  The seond reported novel 

alphasatellite Hollyhock yellow vein mosaic alphasatellite-2 (HoYVMA-2) grouped in a 
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cluster along with CLCuBuA but it was also branching at a distance, with 86% bootstrap 

value, in phylogenetic tree (Fig. 3.5). 

 

Fig. 3.5 Phylogenetic analysis of Alphasatellites of this study with selected Alphasatellite sequences. The tree 

was generated using the Neighbor-Joining method in ClustalX2 (software). The percentage of replicate trees in 

which the associated taxa clustered together in bootstrap test (1,000 replicates) are shown next to the nodes. The 

Alphasatellites reported in this study are highlighted. 
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3.1.3 Recombination Analysis 

There was an indication of possible recombination by observing the comparison of 

nucleotide and predicted amino acid sequence of individual genes of the HoYVMV with 

closely related begomovirus species (Table 3.6). To ascertain the possible chance of 

recombination, selected begomovirus sequences were used to make an alignment with 

HoYVMV sequence. The resultant alignment was used as input for recombination analysis 

using RDP3. 

Table 3.6 Nucleotide and deduced amino acid sequence identity (Percentage) calculated using the ClustalV 

algorithm for the complete DNA-A and predicted open reading frames of HoYVMV compared with closest 

begomovirus relatives.  The maximum sequence and amino acid identity is shown in grey boxes. 

Begomovirus Full length 

% Identity 

Open reading frames 

AV2 

nt/aa 

AV1 

nt/aa 

AC3 

nt/aa 

AC2 

nt/aa 

AC1 

nt/aa 

AC4 

nt/aa 

MYVMV 87 95/95 93/97 90/82 93/87 90/91 89/78 

MaYVV 79 89/88 75/80 85/72 90/85 82/87 69/47 

OYVMV 82 76/69 71/79 81/78 83/76 93/95 97/91 

CLCuMV 77 76/71 72/79 82/82 86/76 88/91 90/76 

ToLCKV 69 74/69 72/80 66/64 68/55 76/82 71/49 

CYVMV 66 73/71 71/80 67/67 70/59 69/73 66/37 

  The analysis provided robust evidence in favour of possible recombination in the 

HoYVMV genome at two places.  One recombinant event was predicted in a fragment of 

1,386 nucleotides in size, located between nucleotides 1,048 and 2,434 (breakpoints). The 

event was indicated and supported by all the six parameterts used in RDP3. The identified P 

values were: RDP, 1.603 × 10
-6 

; GENECONV,4.058× 10
-6

; BootScan,2.572 × 10
-7 

; Max Chi, 

2.911 × 10
-11

; Chimaera, 1.103 × 10
-5

; SiScan, 1.889 × 10
-21

. The analysis predicted Tomato 

leaf curl Karnataka virus (ToLCuKV) as the major parent, while Cotton leaf curl Multan 

virus (CLCuMV) was contributing as minor parent.  



Results 

 52 

The second possible recombinant event was predicted in a fragment of 490 

nucleotides, located between nucleotides 520 and 1,010 (breakpoints).  The event was 

indicated and supported by all the six parameterts used in RDP3. The identified P values 

were: RDP, 2.074 × 10
-13

; GENECONV, 1.874 × 10
-4

; BootScan,2.941 × 10
-10

; Max Chi, 

9.398 × 10
-10

; Chimaera, 9.011 × 10
-12

; SiScan3.481 × 10
-8

. The recombination analysis 

further predicted Malvastrum yellow vein virus (MaYVV) as the major parent, while Tomato 

leaf curl Karnataka virus (ToLCuKV) was contributing as minor parent.  

3.1.4 Infectivity Analysis 

While working on infectious disorders in man and animals, Robert Koch introduced 

the pure culture technique by using solid media. After having established microscopically that 

the isolated bacteria were identical with those in the diseased organs, he was able to reproduce 

the disease by introducing the isolated bacteria into a healthy host. He then formulated the 

conditions a microorganism has to fulfil to be regarded as a pathogen, now known as Koch’s 

Postulates (Bos, 1981).  To fulfil Koch’s postulates N. benthmiana and cotton seedlings were 

bombarded with infectious virus clones. 

The N. benthmiana plants (12 out of 14) bombarded with HoYVMV, CYVMV-Hol 

and KLCuB–Hol-1 developed systemic symptoms 8 to 10 days post bombardment. They 

showed severe leaf curl and stunting. Cotton seedlings (8 out of 14) bombarded with mixture 

of three genomic components exhibited symptoms after 3 weeks post bombardment. The 

symptoms included mild downward leaf curl and vein thickening (Fig. 3.6). While negative 

control of both cotton and N. benthmiana remained healthy and did not develop any 

symptoms.  
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Fig. 3.6 Infectivity analysis (A) N. benthmiana plant bombarded with HoYVMV, CYVMV-Hol and KLCuB-

Hol-1 (B) Single leaf of cotton plant bombarded with HoYVMV, CYVMV-Hol and KLCuB-Hol-1 (C) Cotton 

plant bombarded with HoYVMV, CYVMV-Hol and KLCuB-Hol-1 (D) N.benthmiana plant mock bombarded 

(only water) (E) Cotton plant mock bombarded (only water). 

 

The DNA of symptomatic plants and control plants was extracted as described in 

section 2.2. The presence of helper viruses and betasatellite symptomatic cotton plants was 

ascertained through PCR (Fig. 3.7).  

 

 

 

 

 



Results 

 54 

 

 

Fig. 3.7 Ethidium bromide stained agarose stained gel demonstrating the PCR amplified HoYVMV, CYVMV-

Hol and KLCuB-Hol-1 isolated from biolistically inoculated cotton plants. Lane 1- Negative control (water with 

SL1 and SL2 primers). Lane 2- Negative control (Healthy cotton plant with SL1 and SL2 primers). Lane 3- 

Infected cotton plant with SL1 and SL2 primers Lane 4- Negative control (Healthy cotton plant with HOLF and 

HOLR primers). Lane 5- Infected cotton plant with HOLF and HOLR primers. Lane 6- Negative control 

(Healthy cotton plant with CLCV1 and CLCV2 primers). Lane 7- Infected cotton plant with CLCV1 and CLCV2 

primers. Lane M- DNA Ladder.  
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3.2 Hollyhock Leaf Curl Sample 

3.2.1 Nucleotide Sequence Analysis 

The genome of begomovirus DNA-A component, betasatellite and alphasatellite were 

sequenced in their entirety and sequences were submitted in data bank (Table 3.7). 

Table 3.7 Begomovirus/Satellite sequences with the respective acronymn and GenBank accession number 

reported from hollyhock leaf curl sample 

Virus/Satellite name Acronym GenBank 

Accession 

No. 

  Hollyhock leaf curl virus-[Pakistan:Faisalabad:2006]  HoLCuV-

[PK:Fsd:06] 

FR772082 

Kenaf leaf curl betasatellite- [Pakistan:Faisalabad-

Hollyhock:2006]  

KLCuB-[PK:Fsd-

Hol:06] 

FR772083 

Gossypium darwinii symptomless alphasatellite -

[Pakistan:Faisalabad-Hollyhock:2006] 

GDSA-[PK:Fsd-

Hol:06] 

FR772084 

The DNA-A sequence (FR772082) isolated, cloned and sequenced from this 

hollyhock sample was 2,748 nucleotides long and exhibited maximum nucleotide sequence 

identity of 85.3% with Hollyhock yellow vein mosaic virus (HoYVMV), one of the 

begomoviruses reported in previous part of this study, so it was a novel begomovirus and the 

name Hollyhock leaf curl virus (HoLCuV) was proposed. A total of six ORFs were found in 

HoLCuV genome, like other monopartite begomoviruses. Two ORFs (AV1 and AV2) in 

virion sense and four ORFs (AC1, AC2, AC3 and AC4) in complementary sense and 

intergenic region were found in the genome sequence. The length of intergenic region was 

277 nucleotides and the universally conserved hairpin was predicted to exist, including the 

conserved nonanucleotide TAATATTAC. The TATA box comprising of nucleotide sequence 

TATATATA for Rep promoter was predicted to be present at position 2657-2664 in the 

genome. The presence of three Rep-binding sites (iterons) was predicted. Two directly 

repeated iteron motifs GTACCC were predicted at positions 2616-2621; 2651-2656, present 
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upstream of TATA box while an inverted repeat motif consisting of GGGTAC was identified 

at position 2667-2672, down stream of TATA box in the viral genome (Fig. 3.8). 

 

Fig. 3.8 Schematic representation of important features of intergenic region of HoLCuV including REP-binding 

sites (iterons), TATA box and structure of hair pin showing nonanucleotide (underlined). 

The size of AV1 ORF of HoLCuV was 771 nucleotides and was present at position 

290-1060 in the genome. On the basis of deduced amino acid sequence it was predicted that 

the AV1 ORF that encodes coat protein consists of 256 amino acids having molecular weight 

29.7 kDa. Detailed analysis of the protein showed that out of total 256 amino acids, 44 were 

strongly basic (K, R), 21  were strongly acidic (D, E), 75 were hydrophobic (A, I, L, F ,W, V) 

and 73 were polar (N, C, Q, S, T, Y). AV1 ORF displayed a maximum homology with AV1 

ORF of MaYVV having 88% nucleotide sequence identity and 95% amino acid sequence 

identity. 

The size of AV2 ORF of HoLCuV was 348 nucleotides and was present at position 

133-477 in the genome. On the basis of deduced amino acid sequence it was predicted that the 

AV2 ORF that codes for transcriptional activator protein (TrAP) consists of 115 amino acids 

having molecular weight 13.3 kDa. Detailed analysis of the protein showed that out of total 

115 amino acids, 12 were strongly basic (K, R), 14  were strongly acidic (D, E), 33 were 

hydrophobic (A, I, L, F ,W, V) and 34 were polar (N, C, Q, S, T, Y). AV2 ORF displayed a 

maximum homology with AV2 ORF of HoYVMV having 93% nucleotide sequence identity 

and 92% amino acid sequence identity. The presence of AV2 ORF indicates that HoLCuV has 

a typical OW begomovirus genome. 

The size of AC1 ORF of HoLCuV was 1092 nucleotides and was present from 1509-

2600 nucleotides in the genome. On the basis of deduced amino acid sequence it was 

predicted that the AC1 ORF encoding the replication-associated protein (Rep) was consisted 

of 363 amino acids with molecular weight 401 kDa. Detailed analysis of the protein showed 
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that out of total 363 amino acids, 39 were strongly basic (K, R), 44  were strongly acidic (D, 

E), 114 were hydrophobic (A, I, L, F ,W, V) and 108 were polar (N, C, Q, S, T, Y). AC1 ORF 

was sharing a maximum of 94% nucleotide identity and 97% amino acid identity with AC1 

ORF of HoYVMV. 

The size of AC2 ORF of HoLCuV was 453 nucleotides and was present at position 

1160-1612 in the genome. On the basis of deduced amino acid sequence it was predicted that 

the AC2 ORF that encodes for transcriptional activator protein (TrAP) consists of 150 amino 

acids having molecular weight 17.2 kDa. Detailed analysis of the protein showed that out of 

total 150 amino acids, 17 were strongly basic (K, R), 14  were strongly acidic (D, E), 33 were 

hydrophobic (A, I, L, F ,W, V) and 53 were polar (N, C, Q, S, T, Y). AC2 ORF displayed a 

maximum homology with AC2 ORF of MaYVV having 91% nucleotide sequence identity 

and 85% amino acid sequence identity. 

The size of AC3 ORF of HoLCuV was 405 nucleotides and was present at position 

1063-1467 in the genome. On the basis of deduced amino acid sequence it was predicted that 

the AC3 ORF that encodes for replication enhancer protein (REn) consists of 134 amino acids 

having molecular weight 15.6 kDa. Detailed analysis of the protein showed that out of total 

134 amino acids, 15 were strongly basic (K, R), 10  were strongly acidic (D, E), 52 were 

hydrophobic (A, I, L, F ,W, V) and 40 were polar (N, C, Q, S, T, Y). AC3 ORF displayed a 

maximum homology with AC3 ORF of MaYVV having 90% nucleotide sequence identity 

and 85% amino acid sequence identity. 

The size of AC4 ORF of HoLCuV was 309 nucleotides and was present at position 

2141-2449 in the genome. On the basis of deduced amino acid sequence it was predicted that 

the AC4 ORF that encodes a protein which is a determinant of symptom expression, consists 

of 102 amino acids having molecular weight 11.2 kDa. Detailed analysis of the protein 

showed that out of total 102 amino acids, 10 were strongly basic (K, R), 8 were strongly 

acidic (D, E), 21 were hydrophobic (A, I, L, F ,W, V) and 47 were polar (N, C, Q, S, T, Y). 

AC4 ORF displayed a maximum homology with AC4 ORF of HoYVMV having 98% 

nucleotide sequence identity and 92% amino acid sequence identity (Table 3.8). 
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Table 3.8 Analysis of Predicted ORFs and deduced Proteins of HoLCuV. 

Features Of 

ORFs 

Open Reading Frames 

AV1 AV2 AC1 AC2 AC3 AC4 

Nucleotide Sequence Analysis 

Size of ORF  771 348 1092 453 405 309 

Position of ORF in 

the Genome 

290-1060 130-477 1509-2600 1160-1612 1063-1467 2141-2449 

Closest Relative 

 

MaYVV HoYVMV HoYVMV MaYVV MaYVV HoYVMV 

Maximum%  

Homology 

88 93 94 91 90 98 

Amino Acid Sequence Analysis 

Number of Amino 

Acids 

256 115 363 150 134 102 

Molecular Weight of 

Deduced Protein 

(kDa) 

29.7 13.3 41 17.2 15.6 11.2 

Closest Relative 

 

  MaYVV HoYVMV HoYVMV MaYVV MaYVV HoYVMV 

Maximum% 

Homology 

95 92 97 85 85 92 

Amino Acid Composition of Proteins 

Strongly Basic 

Amino Acids (K, R) 

44 12 39 17 15 10 

Strongly Acidic  

Amino Acids (D, E) 

21 14 44 14 10 8 

Hydrophobic  

Amino Acids 

(A,I,L,F,W,V) 

75 33 114 33 52 21 

Polar Amino Acids 

(N,C,Q,S,T,Y) 

73 34 108 53 40 47 

 

Betasatellite (FR772083) cloned and characterized from this sample was comprised of 

1,346 nucleotides and was exhibiting an identity of 81% with Kenaf leaf curl betasatellite 

(KLCuB).  As maximum percentage nucleotide identity was more than 78%, so it was 

regarded as an isolate of previously reported species of KLCuB, according to 

recommendations for classification and nomenclature of betasatellites (Briddon et al., 2008). 

The isolate descriptor for this betasatellite was suggested as Kenaf leaf curl betasatellite – 

[Hollyhock-2] (KLCuB-Hol-2).  The size of C1 ORF was 357 nucleotides and was present at 

position 195-551 in the genome. On the basis of deduced amino acid sequence it was 

predicted that the C1 ORF that encodes a protein which up regulates replication of helper 

virus and suppress host defense, consists of 118 amino acids having molecular weight 13.8 
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kDa. Detailed analysis of the protein showed that out of total 118 amino acids, 12 were 

strongly basic (K, R), 17 were strongly acidic (D, E), 40 were hydrophobic (A, I, L, F ,W, V) 

and 29 were polar (N, C, Q, S, T, Y). 

The alphasatellite (FR772084) isolated, cloned and sequenced from hollyhock leaf 

curl sample was comprised of 1,371 nucleotides and its nucleotide sequence had maximum 

identity of 87.9% with Gossypium darwinii symptomless alphasatellite (GDSA). It was 

regarded as an isolate of GDSA, the isolate descriptor Gossypium darwinii symptomless 

alphasatellite – [Hollyhock] (GDSA-Hol) was proposed for this alphasatellite. 

 

3.2.2 Phylogenetic Analysis 

Phylogenetic trees were constructed using the Neighbor-Joining method in ClustalX2 

software and the percentage of replicate trees in which the associated taxa clustered together 

in bootstrap test (1,000 replicates) were shown next to the nodes. 

For the phylogenetic analysis of the DNA-A component, twenty three other 

begomovirus sequences from GenBank were included (Table 3.9). 

 

 

 

 

 

 

 

 



Results 

 60 

Table 3.9 Begomovirus sequences used in phylogenetic and other comparative sequence analysis with 

begomovirus reported from hollyhock leaf curl sample, along with the respective acronymn and GenBank 

accession numbers. 

Geminivirus Acronym GenBank 

Accession 

No. 

Bhendi yellow vein Delhi virus- [2004:New Delhi] BhYVDV-[N: Deh:04] FJ515747 

Cotton leaf crumple virus-Arizona 

[Mexico:Sonora:1991]  

CLCrV-

AZ[MX:Son:91] 

AF480940 

Cotton leaf crumple virus-Arizona [United States of 

America:Arizona:1991]  

CLCrV-AZ[US:Ari:91] AY083350 

Cotton leaf curl Alabad virus-[Pakistan:Alabad 

804a:1996]  

 CLCuAV-

[PK:A804a:96] 

AJ002452 

Cotton leaf curl Burewala virus - 

[Pakistan:Vehari:2006]  

CLCuBuV-

[PK:Veh:06] 

AM421522 

Cotton leaf curl Gezira virus-Sudan [Sudan:Gezira]  CLCuGV-SD[SD:Gez] AF260241 

Cotton leaf curl Kokhran virus-Manisal 

[Pakistan:Manisal806b:1996] 

CLCuKV-

Man[PK:M806b:96] 

AJ002449 

Cotton leaf curl Multan virus-

Faisalabad[Pakistan:Yazman:62:1995]  

CLCuMV-

Fai[PK:Y62:95] 

AJ002447 

Cotton leaf curl Rajasthan virus-

[Pakistan:Faisalabad:2005] 

CLCuRV-[PK:Fai:05] AM501481 

Croton yellow vein mosaic virus-[India:Punjab:2007] CYVMV-[IN:PU:07]  FN645926 

Croton yellow vein mosaic virus-[Pakistan:Lahore-

Hollyhock:2006] 

CYVMV-[PK:Lh-

Hol:06] 

FN678906 

Hollyhock leaf crumple virus-[Egypt:Cairo:1997]  HoLCrV-[EG:Cai:97] AY036009 

Hollyhock leaf crumple virus-[Egypt:Giza]  HoLCrV-[EG:Giz] AF014881 

Hollyhock  yellow vein mosaic virus-

[Pakistan:Lahore:2006] 

HoYVMV-[PK:Lh:06] FR772081 

Kenaf leaf curl virus-[India:Kaisarganj:2007] KLCuV-[IN:KA:07]  EU366903 
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Table 3.9 continued…….. 

Malvastrum yellow vein virus-

[China:Yunnan206:Ageratum:2003] 

MaYVV-

[CN:Yn206:Age:03] 

AJ744881 

Mesta yellow vein mosaic virus-

[India:Coochbehar:2008] 

MYVMV-[IN:CO:08] FJ159265 

Okra yellow crinkle virus-[Mali:02:2005]  OYCrV-[ML:02:05] DQ875879 

Okra yellow vein mosaic virus-

[Pakistan:Faisalabad201:1995] 

OYVMV-

[PK:Fai201:95] 

AJ002451 

Papaya leaf curl virus-Pakistan 

[Pakistan:Cotton:2002]  

PaLCuV-

PK[PK:Cot:02] 

AJ436992 

Tomato leaf curl Karnataka virus-

Bangalore[India:Bangalore:1993] 

ToLCKV-

Ban[IN:Ban:93] 

U38239 

Tomato leaf curl New Delhi virus-

India[India:Meerut:Potato:2005] 

ToLCNDV-

IN[IN:Mer:Pot:05] 

EF043231 

Tomato leaf curl Rajasthan virus-

[India:Rajasthan:2005]  

ToLCRV-[IN:Raj:05] DQ339117 

 

Phylogenetic analysis showed that Hollyhock leaf curl virus (HoLCuV) was grouped 

together in a cluster with Mesta yellow vein mosaic virus (MYVMV), Hollyhock yellow vein 

mosaic virus (HoYVMV), Malvastrum yellow vein virus (MaYVV) and Kenaf leaf curl virus 

(KLCuV), all reported to infect malvaceous plants in Indian subcontinent. The position of 

HoLCuV in phylogenetic tree was quite distant from HoLCrV reported to infect hollyhock in 

Egypt (Fig. 3.9). . Furthermore, it was concluded that it was segregated from Cotton leaf curl 

Gezira betasatellite (CLCuGB) reported from Africa, infecting okra (Tiendrébéogo et al., 

2010). 
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Fig. 3.9 Phylogenetic analysis of Begomovirus of this study with selected Begomovirus sequences. The tree was 

generated using the Neighbor-Joining method in ClustalX2 (software). The percentage of replicate trees in which 

the associated taxa clustered together in bootstrap test (1,000 replicates) are shown next to the nodes. The 

Begomovirus reported in this study is highlighted.  
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In the phylogenetic analysis of Kenaf leaf curl betasatellite – [Hollyhock-2] (KLCuB-

Hol-2) sixteen previously reported betasatellites were used (Table 3.10).  

Table 3.10 Betasatellite sequences used in phylogenetic and other comparative sequence analyses with 

betastellite reported from hollyhock leaf curl sample, along with the respective acronymn and GenBank 

accession numbers. 

Betasatellite Acronym GenBank 

Accession 

No. 

Ageratum yellow vein SriLanka betasatellite- [Sri 

Lanka:Ageratum:2003]  

AYVSLB-[SL:Ag:03] AJ542498 

Bhendi yellow vein betasatellite-

[Pakistan:Bahawalpur:1997] 

BYVB-[PK:Bah:97] AJ316030 

Chilli leaf curl betasatellite-

[Pakistan:Multan55:2004] 

ChLCB-[PK:Mu55:04] AM279671 

Cotton leaf curl Gezira betasatellite-[Sudan:Sida 

32:1996]  

CLCuGB-[SD:Si32:96] AY077798 

Cotton leaf curl Gezira betasatellite-[Egypt:Okra 

3:2000] 

CLCuGB-[EG:Ok3:00] AF397217 

Cotton leaf curl Multan betasatellite-

[India:Basirhat:Hibiscus:2005] 

CLCuMB-

[IN:Bas:Hib:05] 

DQ298137 

Cotton leaf curl Multan betasatellite-

[India:Bongaon:Kenaf:2006] 

CLCuMB-

[IN:Har05:Ken:06] 

EF614158 

Croton yellow vein mosaic betasatellite-

[Pakistan:Punjab:2006] 

CroYVMB-[PK:Pun:06] AM410551 

Kenaf leaf curl betasatellite- [India:Bahraich 

03:2006]  

KLCuB-[IN:Bah03:06] EF620566 

Malvastrum yellow vein betasatellite-

[China:Yunnan 206:2003] 

MaYVB-[CN:Yn206:03] AJ744882 

Mesta yellow mosaic betasatellite-

[India:Bahraich:2006] 

MeYMB-[IN:Bah:06] EF614160 

Okra leaf curl betasatellite-[Pakistan:Gojra:1997] OLCuB-[PK:Goj:97] AJ316029 



Results 

 64 

 
Table 3.10 continued…….. 

Papaya leaf curl betasatellite-

[India:Chinthapalli:2005] 

PaLCuB-[IN:Chi:05] DQ118862 

Sida yellow vein betasatellite-[India:Madurai:2005] SiYVB-[IN:Mad:05] AJ967003 

Tomato leaf curl Bangalore betasatellite-

[India:Bangalore:2003] 

ToLCBB-[IN:Ban:03] AY428768 

Tomato yellow leaf curl Chinabetasatellite-

[China:Yunnan 10:2000] 

TYLCCNB-

[CN:Yn10:00] 

AJ421621 

 

KLCuB-Hol-2 clustered along with already reported KLCuB, Mesta yellow mosaic 

betasatellite (MeYMB) and Cotton leaf curl Multan betasatellite (CLCuMB) and Malvestrum 

yellow vein betasatellite (MaYVB) reported to infect plants of family malvaceae in 

subcontinent region infecting (Fig. 3.10).  
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Fig. 3.10 Phylogenetic analysis of betasatellites reported in this part of study with selected betasatellite 

sequences. The tree was generated using the Neighbor-Joining method in ClustalX2 (software). The percentage 

of replicate trees in which the associated taxa clustered together in bootstrap test (1,000 replicates) are shown 

next to the nodes. The betasatellites reported in this part of study is highlighted.  
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For the phylogenetic analysis of Gossypium darwinii symptomless alphasatellite – 

[Hollyhock] (GDSA-Hol), twenty five previously reported alphasatellites were compared with 

the GDSA-Hol reported in this part of present study (Table 3.11).  

Table 3.11 Alphasatellite sequences used in phylogenetic and other comparative sequence analyses with 

alphasatellite reported from hollyhock leaf curl sample, along with the respective acronymn and GenBank 

accession numbers. 

Alphasatellite Acronym GenBank 

Accession 

No. 

Ageratum enation virus alphasatellite-

[India:Kangra:2009]  

AEVA-[IN:Ka:09]  FN543100 

Ageratum yellow vein alphasatellite-

[Pakistan:NOB4:2001] 

AYVA-

[PK:NOB4:01] 

AJ512949 

Ageratum yellow vein alphasatellite-[Pakistan:Lahore-

Hollyhock:2006] 

AYVA-[PK:Lh-

Hol:06] 

FR772085 

Cotton leaf curl Burewala alphasatellite-[Pakistan: 

Lahore-Hollyhock:2006] 

CLCuBuA-[PK:Lh-

Hol:06]  

FR772089 

Cotton leaf curl Burewala alphasatellite-[Pakistan: 

Lahore-Hollyhock:2006] 

CLCuBuA-[PK:Lh-

Hol:06]  

FR772090 

Cotton leaf curl Burewala alphasatellite-[Pakistan: 

Lahore-Hollyhock:2006] 

CLCuBuA-[PK:Lh-

Hol:06]  

FR772091 

Cotton leaf curl Burewala alphasatellite-[Pakistan: 

Lahore-Hollyhock:2006] 

CLCuBuA-[PK:Lh-

Hol:06]  

FR772092 

Cotton leaf curl Burewala alphasatellite-[India: 

Rajasthan :2010] 

CLCuBuA-

[IN:Ra:10]  

FN658729 

Cotton leaf curl multan alphasatellite-

[Pakistan:G2:2001] 

CLCuMA-

[PK:G2:01] 

AJ512957 

Croton yellow vein mosaic alphasatellite-[India:2010]  CrYVMA-[IN:10]  FN658709 

Gossypium davidsonii symptomless alphasatellite-

[Pakistan:Dav-alphaB-7:2008] 

GDSA-[PK:Da:08]  EU384652 
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Table 3.11 continued…….. 

Gossypium mustelinum symptomless alphasatellite-

[Pakistan:2008] 

GMSA[PK:08]  FJ218496 

Gossypium mustelinum symptomless alphasatellite-

[Pakistan:Lahore-Hollyhock:2006] 

GMSA-[PK:Lh:Hol:06]  FR772087 

Hollyhock yellow vein mosaic alphasatellite-1 

[Pakistan:Lahore:2006] 

HoYVMA-

1[PK:Lh:06] 

FR772086 

Hollyhock yellow vein mosaic alphasatellite-2 

[Pakistan:Lahore:2006] 

HoYVMA-2 

[PK:Lh:06] 

FR772088 

Malvestrum yellow mosaic alphasatellite-

[China:Hainan:2005] 

MalYMA-

[CN:Hn38:05] 

AM236764 

Okra leaf curl alphasatellite-[Pakistan:NOB3:2001]  OLCA-[PK: NOB3: 

01] 

AJ512954 

Sida leaf curl alphasatellite -[Viet Nam: 

Thanhhoa:2005]  

SiLCA-[VN :Tha :05] DQ641717 

Sida leaf curl alphasatellite-[China:Hainan60:2005]  SiLCA-[CN:Hn60:05] AM050735 

Sida yellow vein Vietnam alphasatellite-[ Viet Nam: 

Hanoi:2005] 

SiYVVA-[VN:Han:05] DQ641718 

Tobacco curly shoot alphasatellite-

[China:Yunnan115:2002] 

TbCSA-

[CN:Yn115:02] 

AJ579346 

Tobacco leaf curl Yunnan alphasatellite-

[China:Yunnan143:2002]  

TbLCYnA-

[CN:Yn143:02] 

AJ579361 

Tobacco leaf curl Yunnan alphasatellite-

[China:Yunnan276:2005] 

TbLCYnA-

[CN:Yn276:04] 

AJ888455 

Tomato leaf curl pakistan alphasatellite-

[Pakistan:Faisalabad:2009]  

ToLCuPA-[PK:Fai:09]     FM164939 

Tomato yellow leaf curl China alphasatellite-

[China:Yunnan87:2002]  

TYLCCNA-

[CN:Yn87:02] 

AJ579357 

GDSA-Hol reported in this study clustered together with different isolates of 

previously reported Cotton leaf curl Burewala alphasatellite (CLCuBuA) (Fig. 3.11). 
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Fig. 3.11 Phylogenetic analysis of Alphasatellite reported in this part of present study with selected 

Alphasatellite sequences. The tree was generated using the Neighbor-Joining method in ClustalX2 software. The 

percentage of replicate trees in which the associated taxa clustered together in bootstrap test (1,000 replicates) 

are shown next to the nodes. The Alphasatellite reported in this part of study is highlighted. 
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3.2.3 Recombination Analysis 

There was an indication of possible recombination by observing the comparison of 

nucleotide and predicted amino acid sequence of individual genes of the HoLCuV with 

closely related begomovirus species (Table 3.12). To ascertain the possible chance of 

recombination, selected begomovirus sequences were used to make an alignment with 

HoLCuV sequence. The resultant alignment was used as input for recombination analysis 

using RDP3. 

Table 3.12 Nucleotide and deduced amino acid sequence identity (Percentage) calculated using the ClustalV 

algorithm for the complete DNA-A and predicted open reading frames of HoLCuV compared with closest 

begomovirus relatives. The maximum sequence and amino acid identity is shown in grey box. 

Begomovirus Full length 

% Identity 

Open reading frames 

AV2 

 nt/aa 

AV1  

nt/aa 

AC3 

nt/aa 

AC2 

nt/aa 

AC1 

nt/aa 

AC4 

nt/aa 

HoYVMV 85 93/92 75/82 82/80 85/79 94/97 98/92 

MYVMV 80 92/89 76/84 82/71 86/79 87/91 89/79 

MaYVV 84 89/89 88/95 90/85 91/85 82/86 70/48 

OYVMV 83 80/72 79/92 80/71 83/77 92/95 97/90 

CLCuMV 79 78/74 81/92 81/75 85/77 86/90 89/74 

ToLCKV 72 76/71 82/94 65/67 72/58 74/82 69/44 

CYVMV 65 74/72 81/94 70/68 74/61 68/74 66/36 

The analysis provided strong evidence in favour of possible recombination in the 

HoLCuV genome at one place.  The recombinant event was predicted in a fragment of 572 

nucleotides in size, located between nucleotides 1,048 and 2,434 (breakpoints). The event was 

indicated and supported by all the six parameterts used in RDP3. The identified P values 

were: RDP, 8.231 × 10
-20 

; GENECONV,2.136× 10
-25

; BootScan,1.555 × 10
-24 

; Max Chi, 

3.045 × 10
-11

; Chimaera, 3.849 × 10
-10

; SiScan, 1.533 × 10
-27

. The major portion of this 

fragment acquired by HoLCuV was taken from Malvastrum yellow vein virus (MaYVV) and 

rest was obtained from the minor parent, HoYVMV.  
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3.2.4 Infectivity Analysis 

While working on infectious disorders in man and animals, Robert Koch introduced 

the pure culture technique by using solid media. After having established microscopically that 

the isolated bacteria were identical with those in the diseased organs, he was able to reproduce 

the disease by introducing the isolated bacteria into a healthy host. He then formulated the 

conditions a microorganism has to fulfil to be regarded as a pathogen, now known as Koch’s 

Postulates (Bos, 1981).  To fulfil Koch’s postulates N. benthmiana and cotton seedlings were 

bombarded with infectious virus clones. 

 The N. benthmiana plants (9 out of 14) bombarded with HoLCuV and KLCuB–Hol-2 

developed systemic symptoms 8 to 10 days post bombardment. They showed mild leaf curl 

symptoms. All of the cotton seedlings bombarded with mixture of the two genomic 

components did not exhibit any apparent symptoms (Fig. 3.12). While negative control of 

both cotton and N. benthmiana remained healthy and did not develop any symptoms.  

 

 

 

 

 

 

 

Fig. 3.12 Infectivity analysis (A) N.benthmiana plant mock bombarded (only water). (B) Cotton plant mock 

bombarded (only water) (C) N. benthmiana plant bombarded with HoLCuV and KLCuB-Hol-2. (D) Cotton plant 

bombarded with HoLCuV and KLCuB-Hol-2  

(A) (B) 

(C) (D) 
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The presence of helper virus and betasatellite in asymptomatic cotton plants was 

confirmed by PCR (Fig. 3.13). HoLCuV and KLCuB-Hol-2 were detected by PCR in 

asymptomatic infected cotton plants while healthy cotton plants (mock inoculated) were free 

of HoLCuV and KLCuB-Hol-2. 

 

Fig. 3.13 Ethidium bromide stained agarose stained gel demonstrating the PCR amplified HoLCuV and KLCuB-

Hol-2 isolated from biolistically inoculated cotton plants. Lane 1- Infected asymptomatic cotton plant with SL1 

and SL2 primers. Lane 2- Infected asymptomatic cotton plant with HCF and HCR primers. Lane 3- Negative 

control (Healthy cotton plant with SL1 and SL2 primers). Lane 4- Negative control (Healthy cotton plant with 

HCF and HCR primers). Lane M- DNA Ladder. 
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CHAPTER 4 

DISCUSSION 

4.1 Hollyhock Yellow Vein Mosaic Sample 

The Punjab province of Pakistan has rich diversity of begomoviruses infecting 

cultivated, non-cultivated, introduced and endemic plants (Haider et al., 2008; Tahir et al., 

2010; Hussain et al., 2011; Shahid et al., 2007; Shih et al., 2003; Mubin et al., 2009). The 

results from this study provided evidence that hollyhock plant has multiple infections with a 

complex of monopartite begomoviruses. Besides characterizing a strain of previously reported 

DNA-A component of CYVMV, we reported a novel begomovirus infecting hollyhock plant. 

The genome of this virus shared less than 89% nucleotide sequence identity with its closest 

relative, MYVMV infecting Hibiscus cannabinus in India (Chatterhee et al., 2007). In 

accordance with the ICTV guideline for begomovirus species demarcation (Fauqet et al., 

2008) this new species was designated as HoYVMV.  Phylogenetic affiliation with other 

begomoviruses and sequence analysis showed that it was closely related to begomoviruses 

infecting malvaceous plants in the subcontinent. Comparison of nucleotide sequence of ORFs 

and predicted amino acid sequence of HoYVMV with closely related begomoviruses (Table 

3.6) revealed that nucleotide and predicted amino acid sequence of ORFs AV1, AC3 and AC2 

had been showing maximum percentage identity with MYVMV, while AC1 and AC4 genes 

were sharing  maximum nucleotide sequence identity with Okra yellow vein mosaic virus 

(OYMV). The presence of universally conserved hairpin, including the conserved 

nonanucleotide TAATATTAC in 279 nucleotides long intergenic region and the presence of 

three Rep-binding sites (iterons), two upstream and one down stream of TATA box for Rep 

promoter (Fig. 3.1) were characteristic features of this begomovirus and these findings are in 

harmony with previously reported begomoviruses (Hanley-Bowdoin et al., 2000). The three 

possible iteron sequences were predicted with sequence GGTACC, as the inverted repeat 

motif of this sequence is also GGTACC, so we remained unable to assign any of the three 

iterons as direct repeat or inverted repeat. Iterons are repeated sequences used as recognition 
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sites for binding of Rep-protein. The Rep binding ability is altered by change in sequence, 

size, number or mutation in iteron (Argu¨ ello-Astorga and Ruiz-Medrano, 2001).  

Hollyhock infection by a bipartite begomovirus, HoLCrV, was reported in Egypt by 

Biggare et al. (2001). Nucleotide sequence and phylogentic comparisons revealed that 

HoYVMV was distant from HoLCrV, sharing only 64.9% nucleotide sequence identity. The 

detailed recombination analysis has indicated that this new species was evolved by a sequence 

exchange of a major fragment between ToLCuKV and CLCuMV, while a smaller fragment 

between ToLCuKV and MaYVV. These results have demonstrated that a new recombinant 

begomovirus species is present in hollyhock from Pakistan. ToLCuKV and CLCuMV were 

reported from same geographic location, the subcontinent, while MaYVV was reported from 

China. Recombination is reported not only between different species but also across different 

genera of geminiviruses. Rapid recombination rate is a major cause of evolution, 

diversification and speciation of begomoviruses (Garcia-Arenal et al., 2001).  

Evidence from phylogentic analysis showed that HoYVMV clustered with 

begomoviruses of same geographic region “the Indian subcontinent” infecting malavaceous 

plants. It indicated the closeness of this new virus with previously described viruses of same 

area and hosts from the same family. 

The KLCuB-Hol-1 characterized in this part of present study was an isolate of 

previously reported KLCuB infecting H. cannabinus from India (Paul et al., 2008). It had all 

the sequence attributes of a typical betasatellite genome i.e. single ORF as well as satellite 

conserved region. Both of the helper viruses were interacting with KLCuB-Hol-1 to produce 

yellow vein and mosaic symptoms in hollyhock.  

Molecular characterization of eight alphasatellites reported in this part of study 

revealed that four were isolates of CLCuBuA, one of AYVA, one of GMSA while the two 

were novel alphasatellite species. The complete genome of the both novel species shared less 

than 83% nucleotide sequence identity with their closest previously described alphasatellites. 

One of them sharing 62.3% nucleotide sequence identity was designated as HoYVMA-1 and 

the other sharing 80.3% nucleotide sequence identity was named as HoYVMA-2. Although 
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alphasatellites are still unclassified and there is no recommendation for threshold value for 

species demarcation. HoYVMA-1 had only one ORF for Rep-associated protein from 

nucleotide position 80 to 949 and was comprised of 870 nucleotides. The length of the only 

ORF of HoYVMA-2 was 948 nucleotides, from position 79 to 1026 in the genome. The 

adenine rich region and presence of stem loop sequence with conserved nonanucleotide 

sequence TAGTATTAC, a characteristic feature for alphasatellite, was found in both 

satellites. Their stem sequence was slightly different from each other (Fig. 3.2). All the 

alphasatellites reported in this part of present study have typical alphasatellite features i.e., an 

A-rich region, hairpin structure, and a single gene in the virion sense encoding a rolling-circle 

initiator protein. The only feature that is a distinction between alphasatellites and their 

possible ancestors, nanoviruses is A-rich sequence (Saunders and Stanley, 1999; Saunders et 

al., 2002; Mansoor et al., 1999). The polyadenylation motifs, present in A-rich region act as 

terminator of transcription (Briddon et al., 2003).  These results are in accordance with 

genomic characteristic of previously described alphasatellites.  The stem loop sequence of 

HoYVMA-2 was similar to Tomato yellow leaf curl China alphasatellite (TYLCCNA) 

reported from China (Xie et al., 2010), while the stem loop nucleotide sequence of 

HoYVMA-1 had some variations from already reported alphasatellites, although conserved 

nonanucleotide was present (Fig. 3.2). 

Infectivity studies (Fig. 3.6) and detection of viral components by PCR (Fig. 3.7) 

confirmed that monopartite genomes are infectious in N. benthmiana and cotton. Sequence, 

phylogentic, recombination and infectivity analyses have indicated that HoYVMV was 

closely related to begomovirus infecting cotton and other malvaceous plants in the region. The 

betasatellite associated with HoYVMV and CYVMV-Hol was also an isolate of KLCuB 

infecting H. cannabinus, reported from India (Paul et al., 2008). All these results are 

conclusive evidence that the hollyhock plant is harboring begomoviruses with potential future 

threat to cotton production in the subcontinent. The presence of more than one 

begomoviruses, a betasatellite and eight alphasatellites in a single host plant, is an indication 

that hollyhock may be acting as a reservoir of these viruses and reflects a complex emerging 

situation in future. A serious strategic administrative approach, is therefore, a demand to 

combat the threat.   
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4.2 Hollyhock Leaf Curl Sample 

Begomoviruses have become the major constraint to crop production through out the 

world due to constantly increasing population of white flies. The trade of plant materials in 

the form of fibers, fruits and vegetables has been playing a supportive role in the spread of 

viruses (Rojas et al., 2005). A large number of diverse begomoviruses are reported from 

Pakistan infecting cultivated, non-cultivated, introduced and endemic plants (Haider et al., 

2008; Tahir et al., 2010). This part of present study provided another evidence of emergence 

of a new begomoviruse in the region. The complete molecular characterization of this 

monopartite begomovirus infecting hollyhock plant indicated that it has been sharing a 

maximum of 85.3% nucleotide sequence identity with its closest relative, HoYVMV, reported 

in previous part (4.1) of present study, infecting hollyhock in Pakistan. According to 

recommendations of the ICTV for begomovirus species demarcation (Fauqet et al., 2008) the 

name proposed for this novel begomovirs was Hollyhock leaf curl virus (HoLCuV).  

Phylogenetic affiliation with other begomoviruses and sequence analysis revealed that it has a 

close relationship with begomoviruses reported from malvaceous hosts in the region. 

Comparitive analysis of the ORFs and predicted amino acid sequences of HoLCuV with 

closely related begomoviruses (Table 3.12) revealed that nucleotide and predicted amino acid 

sequences of ORFs AV1, AC3 and AC2 have maximum identity with MYVMV, while AV2, 

AC1 and AC4 genes were sharing maximum nucleotide sequence identity with HoYVMV. 

The detailed recombination analysis has indicated that this new species may be evolved by a 

sequence exchange of a fragment between MaYVV and HoYVMV. These results have 

demonstrated that a new recombinant begomovirus species is found infecting hollyhock in 

Pakistan.  It is an established fact that recombination among begomoviruses, results in 

introduction of more virulent and devastating begomoviruses. Such was the case of resistance 

breaking strain of CLCuD associated begomoviruses, Cotton leaf curl Burewala virus in 

Pakistan which was a recombinant between Cotton leaf curl Multan virus and Cotton leaf curl 

Khokhran virus (Amrao et al., 2010). Pepper huaste-co virus reported from Mexico, a 

recombinant between a NW and an OW begomovirus, was another example (Torres Pacheco 

et al., 1993). A virulent strain of African cassava mosaic virus was another example of such 

scenario (Zhou et al., 1997). The understanding of such scenario in Pakistan is of great 
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importance if a management strategy based on host resistance is to be attempted to control 

these viruses. Recombination is reported not only between different species but also across 

different genera of geminiviruses. Recombination has been leading to the evolution, 

diversification and emergence of new begomovirus complexes (Garcia-Arenal et al., 2001).   

The presence of universally conserved hairpin, including the conserved 

nonanucleotide TAATATTAC in 277 nucleotides long intergenic region and the presence of 

three Rep-binding sites (iterons), upstream and downstream of TATA box of Rep promoter 

(Fig. 3.8) is a characteristic feature of begomoviruses (Hanley-Bowdoin et al., 2000). Several 

copies of these iterated sequences are present in intergenic region of all geminiviruses and 

display a lineage specific arrangement. Evidence suggests that the iterons are major cis-acting 

replication specificity determinants in geminiviruses. The Rep binding ability is altered by a 

change in sequence, size, number or mutation in iteron (Argu¨ ello-Astorga and Ruiz-

Medrano, 2001). Nucleotide sequence and phylogentic comparisons revealed that HoLCuV 

was outlying from HoLCrV, a bipartite begomovirus infecting hollyhock in Egypt, sharing 

only 64.8% nucleotide sequence identity.  

The KLCuB-Hol-2 characterized in this part of present study was an isolate of 

previously reported KLCuB infecting H. cannabinus from India with a maximum of 81.2% 

nucleotide identity (Paul et al., 2008). Like all other betasatellites, it also has a single open 

reading frame encoding protein required for symptom induction. In phylogenetic tree 

KLCuB-Hol-2 clustered along with CLCuMB, MeYMB and MaYVB, infecting cotton and 

other plants of family malvaceae. This indicates the close relationship of KLCuB-Hol-2 with 

CLCuD associated begomovirus. 

The GDSA-Hol reported here, has a single open reading frame, an adenine rich region 

and stem loop sequence with conserved nonanucleotide sequence TAGTATTAC, a 

characteristic feature of all alphasatellites. These results are in accordance with genomic 

characteristics of previously described alphasatellites.   
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This is second report about the presence of another novel recombinant begomoviruses, 

a betasatellite and an alphasatellites in the same host plant. All these results are conclusive 

evidence that the hollyhock plant is harbouring begomoviruses which are a potential future 

threat to cotton production in the subcontinent. This situation therefore, should be kept in 

view while devising methods for broad spectrum resistance in crops against begomoviruses. 

4.3 Conclusive Remarks and Future Prospects 

In the present study two new begomovirus species, a new strain of already reported 

begomovirus, two isolates of betasatellites, two novel species of alphasatellites and seven 

isolates of previously reported alphasatellites have been reported from a single host, 

hollyhock, in Pakistan. The presence of such a diverse population of begomoviruses in a 

single host from the same region, coupled with the propensity of these viruses to exchange 

genetic material by recombination increases the probability of new viral diseases emerging 

and cause epidemics in previously unaffected crops (Saunders et al., 2002). While inbred or 

transgenic resistance in cotton is going to be difficult enough to achieve against all these 

viruses, there is a perpetual risk that resistance breaking or ultra pathogenic recombinant 

variants and possibly even new species could emerge at any time. These viruses are exhibiting 

mixed infections. The most important role of mixed infections is that they allow 

recombination to occur and more virulent variant of viruses may evolve. This is vey important 

for epidemiology and evolution of viruses (Padidam et al., 1999; Varma and Malathi, 2003).   

 The two begomoviruses (HoYVMV and CYVMV-Hol) were interacting with KLCuB-

Hol-1 to produce yellow vein and mosaic symptoms in one hollyhock plant while HoLCuV 

was interacting with an isolate of the same betasatellite, KLCuB-Hol-2, to produce leaf curl 

symptoms in another hollyhock plant. Hollyhock is grown in winter and cotton is a summer 

crop, so the hollyhock is harbouring the viruses which can infect other crops in summer. The 

viruses reported in the present study, cloned from infected hollyhock samples are infectious 

on cotton, has proved that hollyhock acts as a reservoir of the viruses which are a potential 

threat to cotton production in the region. 



Discussion 

 78 

 The present study highlighted that there is a need to collect more systematic data about 

the alternate hosts of cotton infecting viruses. The use of sentinel plots may serve the purpose, 

by growing all possible hosts of the begomoviruses along with cotton in the same location and 

also look for the alternate hosts which serve as a reservoir of these viruses in winter season, 

when cotton is not growing in the field. Once there is a complete data about the populations of 

viruses in all crops, an effective strategy can be devised based on this data to combat the 

problem. 
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ANNEXURE 1 

NUCLEOTIDE SEQUENCES OF BEGOMOVIRUSES, 

BETASATELLITES AND ALPHASATELLITES 

REPORTED IN THIS STUDY 

 

1: Hollyhock leaf curl virus, complete genome, [Pakistan: 20-4:06] 

Faisalabad 3 

LOCUS       FR772082                2748 bp    DNA     

circular VRL 10-JAN-2012 

DEFINITION  Hollyhock leaf curl virus, complete genome, 

isolate     [Pakistan:20-4:06] Faisalabad3. 

ACCESSION   FR772082 

VERSION     FR772082.1  GI:371804909 

KEYWORDS    complete genome. 

SOURCE      Hollyhock leaf curl virus 

ORGANISM    Hollyhock leaf curl virus 

mol_type "genomic DNA" 

isolation source "host leaf" 

host         "Alcea rosea" 

     

1    accggatggccgcgcaatttttttgggtcccaccactaactcttgtctgccaatcatata 

61   cggcgctcaaagcttaaataaatatcccgcttattataaatacttccttgctaagtttca 

121  gtttgaaaaatgtgggatccacttttaaacgagttccccgagacggttcacgggtttcgt 

181  tgcatgcttgcgataaaatacctgcaactgctgtctgaggaatactctccggatacggta 

241  ggttacgatttaattcgcgatttaatttctattttacgatctaggaattatgtcgaagcg 

301  tcctgccgatatcgtcatttctacccccgcgtcgaaggtgcgtcggcgtctgaacttcga 

361  cagcccctatgcaacccgtgcagttgtccccactgtccgcgtcacaaaatcacgcatgtg 

421  ggcgaacaggcccatgaaccggaagcccagaatgtacagaatgtacagaagccctgatgt 

481  tccaagaggctgtgagggtccatgtaaggtccaatcctttgagtccagacacgatgtagt 

http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=163655
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541  ccatataggtaaggtcatgtgtattagtgatgttactcgcggtactgggctgacccatag 

601  agttgggaaacgtttctgtgttaaatcagtctatgtattgggtaagatctggatggatga 

661  aaacataaagtccaaaaaccacactaacaatgtgatgttcttcttggtccgtgatcgacg 

721  gcctgtggataagcctcaggattttggagaggtcttcaacatgttcgacaacgagcccag 

781  caccgctactgtcaagaatgttcatcgagatcgctaccaggtgttgaggaaatggtatgc 

841  aacagttacgggtggtcaatatggagcaaaggaacaggccttggtcaagaagtttgtccg 

901  agttaacaattatgttgtttacaatcagcaagaggcagggaaatatgagaatcattctga 

961  gaatgccctgatgttgtatatggcatgtacccatgcctctaatccagtttacgctactct 

1021 taagattaggatttacttctacgattctgtaaccaactgatattaataaatatcgaattt 

1081 tatttctgaattcatgtctacgtacacagtttgttctattttttcccataatacatggtt 

1141 tacagctctgataattgaattaattgagattacacccagattgttgagatacttgaggat 

1201 ttgtgtcttgaatacccttaagaaaagaccagtcggagggcgtaaggtcgtccagattcg 

1261 gtaggtcagaaaaccacttgtgactcccagagctctccgaaggttgtagttgaattggat 

1321 tctgatctttattatgtccgttgtcattgtgaatggccggttgtcgtggctgaggatctt 

1381 gaaatagaggggatttggaacctcccaggtataggcgccactccatgcttgagctgcagt 

1441 gatgggttcccctgtgcgtgaatccatggttgaagcagtttatagatagaaaataagaac 

1501 acccgcattcaagatcgactctcctcctcctgtgtaccctcttggcttccctgtgctgta 

1561 ctttgattggaaccggagtacagtggtccttcgagggtgacgaaaatcgcatttttgaga 

1621 gcccaattctttaatgctgtgttcttgtcctcgtcgaggaattctttatagctgctgtta 

1681 ggaccaggattgcataagaagattgtcggtatgccgcctttaatttgaactggcttcccg 

1741 tacttagtgttggactgccagtccctttgggcccccataaactccttaaagtgcttgagg 

1801 aagtgcgggtcgacgtcatcaatgacgttgtaccacgcgtcgttactatagacttttggg 

1861 cttagatccaaatgcccacataaatagttatgtgggcctagagacctagcccacattgtt 

1921 ttcccagtacgactatctccctcaattactatactttgaggtctcaggggccgcgcagcg 

1981 gcgtcgacaacattctcagacacccactcttcaagttcttctggaacttgatcgaaagaa 

2041 gaataggaaaaaggagaaacataaggagctggaggctcctgaaagatcctgtctagattt 

2101 gcatttaaattatgaaattgtagtacaaaatctttaggagctagttccttaatgactcta 

2161 agagcctctgacttacttcccgcgttaagtgctgcggcgtaagcgtcgttggctgtttgt 

2221 tgccctcctcttgctgatcttccgtcgatctgaaattcgccccagtcgagaatgtccccg 

2281 tccttagcgatgtaggacttgacgtcggagctggatttagctccctgaatgtttggatgg 

2341 aaatgtgctgacctggttggggatacgaggtcgaagaatctgttatttttgcatttgtat 

2401 ttgccctcgaactggatgagcacgtgaagatgaggttccccattttcatgaaactctctg 

2461 cagattctaatgtattttttgtttactggtgtctgtaggttttgtaattgggaaagtgct 

2521 tcctctttagtaagagagcaagtgggataagtgaggaaataatttttggcatatatctga 

2581 aattgtttgggaggagccattgacttggtcaatcggtacccagatatagtcttatgtcaa 
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2641 ttggtgaacggtaccctatatatattgggtactgaatggcaatatttgtaattatgaaaa 

2701 taaattcaaaatcctcacgctccaaaaagcggccatccgtataatatt 

 

2: Hollyhock yellow vein mosaic virus, complete genome, 

[Pakistan: 17-5:06] Lahore10 

GenBank: FR772081.1 

LOCUS       FR772081                2750 bp    DNA     

circular VRL 10-JAN-2012 

DEFINITION  Hollyhock yellow vein mosaic virus, complete 

genome, isolate[Pakistan:17-5:06] Lahore10. 

ACCESSION   FR772081 

VERSION     FR772081.1  GI:371804902 

KEYWORDS    complete genome. 

SOURCE      Hollyhock yellow vein mosaic virus 

ORGANISM   Hollyhock yellow vein mosaic virus 

mol_type "genomic DNA" 

isolation source"host leaf" 

host  "Alcea rosea" 

 

1    accggatggccgcgcgattttttttgtgggcccctccactaactcttgtctgccaatcaa 

61   atgacgcgctcaaagcttaaataatttcccgcctattataagtacttcttcgacaagttt 

121  cattttgaaaatgtgggatccactgttaaacgagttccctgagactgttcacgggtttcg 

181  ttgcatgcttgcgattaaatatcttcaacaactgtctgaagaatactctcctgatacggt 

241  aggttacgatctaattcgcgatttaatttctattttacgttccaggaattatgtcgaagc 

301  gtcctgccgatatcgtcatttctacccccgcgtcgaaggtgcgtcgtcgactgaacttcg 

361  acagcccctatgcaacccgtgcagttgcccccactgtccgcgtcacaaagtctcgcattt 

421  gggcgaacaggcccatgtatcggaagcccagaatgtacaggatgtacagaagccctgatg 

481  ttcctaagggttgtgaaggcccatgtaaggtgcagtctttcgatgcgaaaaatgatattg 

541  ggcatatgggtaaggtaatttgtctttctgatgttactaggggtattgggctgacccatc 

601  gagtagggaaacgtttttgcgttaagtcattgtattttgttggcaaaatatggatggacg 

661  agaacatcaagactaagaaccatacaaacactgttttgttctggatcgtgagagacaggc 

http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=944994
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721  gtccttcaggaactcctaatgatttccagcaagttttcaatgtttatgataacgagcctt 

781  ctacggctactgtgaagaacgaccagcgtaatcgttttcaggtgttgaggaggttccagg 

841  caacagtcacaggtggtcaatatgctgctaaggaacaagctataatcaggaaattctatc 

901  gtgttaacaattatgttgtctataatcaccaggaagctgggaagtatgagaatcacactg 

961  agaatgctttgttgttgtacatggcatgtacccatgcctctaaccccgtgtatgctactt 

1021 tgaaagttagaagttatttctatgattctgtaaccaattaatattaataaatatcgaatt 

1081 ttatttctgaaacttggtctacatacatagtttgttctattttactgtacaatacatgat 

1141 ctactgctctaataatcgaattaattgagattactcctatattgttgagatactttatga 

1201 cttgggtcttgaatacccttaagaaaagaccagtcggagggtgtaaggtcgtccaaaccc 

1261 ggaaggtcagaaaacacttgtgcactcccagagctctccgaaggttgtagttgaattgga 

1321 tcctgattgttattatgtccatcttgctcgagtaaggacagacctcgtggcttaggatct 

1381 tgaaataaaggggatttggtacttcccagatataggcgccactccatgcttgagctgcag 

1441 tgatgggttcctctgtgcgtaaatccatggttgaaacagtttatagacagataataagaa 

1501 cacccgcattcaagatctactctcctcctcctgttgcgtttcttcgcttccctgtgctgt 

1561 actttgattggaacctgagtacagtggtccttcaagggtgacgaagatcgcattcttgtc 

1621 tgtccagttctttagtgcagtgttcttttcctcgtccaggaattctttataactgctgtt 

1681 aggaccaggattgcagaggaagattgttggtattccgcctttaatttgaactggcttccc 

1741 gtactttgtgttggattgccagtccctttgggcccccatgaactctttaaagtgtttgag 

1801 gaagtgcggatcaacgtcatcaatgacgttataccaagcgtcattactgtacacctttgg 

1861 gcttagatctaaatgcccacataaatagttatgtgggcctaaagacctagcccacattgt 

1921 tttcccagtacgactgtcgccctcaattactatactttgaggtctcaggggccgcgcagc 

1981 ggcgtcgacaacatttacacacgcccactcttcaagttcttctggaacttgatcgaaaga 

2041 agaagacgaaaaaggagaaacataaggagctggtggctcctgaaagatcctgtctagatt 

2101 tgcatttaaattatgaaattgtagtacaaaatctttaggagctagttccttaatgactct 

2161 aagagcctccgacttacttcccgcgttaagtgctgcggcgtaagcgtcgttggctgtctg 

2221 ttgccctcctcttgctgatcttccatcgatctgaaattctccccagtcgagaatgtcccc 

2281 gtccttggcgatgtaggacttgacgtcggagctggatttagctccctgaatgttcggatg 

2341 gaaatgtgctgacctggttggggatacgaggtcgaagaatctgttatttttgcacttgta 

2401 tttgccttcgaactggatgagcacgtgaagatgaggttccccattttcatgaaactctct 

2461 gcagattctaatgtattttttgtttactggggtttgtaggttttgtaattgggaaagtgc 

2521 ctcctctttagtaagagagcatgtgggataagtgatgaaataatttttggcatttatctg 

2581 gaattgtttgggaggagccattgacttggtcaatcggtacccagcactagtcttatggca 

2641 attggggaacggtaccctatatatagttgggtaccaaatggcaataattgtaattacgta 

2701 atcaaattcaaaatcctcgcgctccaaaaagcggccatccgtataatatt 
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3: Croton yellow vein mosaic virus, complete genome, clone 

HYDNA- A 

GenBank: FN678906.1 

LOCUS       FN678906                2752 bp    DNA     

circular VRL 11-MAR-2012 

DEFINITION  Croton yellow vein mosaic virus, complete 

sequence, clone HYDNA A. 

ACCESSION   FN678906 

VERSION     FN678906.1  GI:379991346 

SOURCE      Croton yellow vein mosaic virus 

ORGANISM   Croton yellow vein mosaic virus 

mol_type "genomic DNA" 

isolation_source"host leaf" 

host   "Alcea rosea" 

             

1    accggatggccgcgaaaaaaaagtgggccccgccatgcactaaatgacaaagacatctcc 

61   accaatgaaaagagttcctcaaagcttaattgttatgtggtcccctatttaaacttcgtc 

121  accaagtagtgcaatacgcactatgtgggatccattggtaaacgagtttcccgaaaccgt 

181  tcacggttttagatgtatgttagcagttaaatatctgcagttagtagagaagacttattc 

241  tccagatacattagggcatgatttaattagggatttaatttcagttatcagggctagaaa 

301  ttatgtcgaagcgtccagcagatataatcatttccacgcccgcttcgaaggtacgccgtc 

361  gtctcaacttcgacagcccatatgtgaaccgtgctgctgcccccattgtccgcgtcacca 

421  aagcaaaggcatgggcgaacaggcccatgaacagaaagcccaggatgtacaggatgtaca 

481  gaagccctgatgtccctagaggatgtgaaggcccatgtaaggtccagtcttttgagtcta 

541  gacatgacattcagcatataggtaaagttatgtgtattagtgatgttactcgtggaactg 

601  ggctgacccatcgagtgggtaaaaggttttgtgtaaagtctgtttatgttttgggtaaga 

661  tctggatggatgaaaatattaagaccaaaaatcacactaatagtgtgatgttctttctag 

721  ttagggatcgtaggcctgtggataaaccccaagattttggagaggtatttaacatgtttg 

781  ataatgagcccagtacggctactgtgaagaacgttcatcgtgataggtatcaagttcttc 

841  ggaaatggcatgcaactgttacgggtggacaatatgcgtcaaaggaacaagccctcgtga 

901  agaagtttgttagggttaacaattatgttgtttataaccagcaagaggctggcaaatatg 

http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=207697


Annexure 1 

 105 

961  agaatcattctgagaatgcgttaatgttgtatatggcatgtactcatgcatctaacccag 

1021 tgtatgctactctgaaaatacggatctatttttatgattccgtaacaaattaataaatat 

1081 taaattttattgaataagattgttctacatatacaatgtgttgtaatacattccataata 

1141 catgatcaactgatctgattacattattaatactgataactcctaaattatttaagtatt 

1201 taagaacttgagtcttaaatacccttaagaaacgaccagtctgaggctgtgaagtcatcc 

1261 agattcggaagactagaaaacatttgtgtatccccaacgctttcctcaggttgtgattga 

1321 actgtattcggattgtcattatgtcttctttcatgaggaatggacggttgtggtgctgca 

1381 atatcttgaaataaaggggattttgaatctcccagatatacacgccattctctgcttgag 

1441 ctgcagtgatgggttcccctgtgcgtgaatccatggttgtggcaggctatggatatgaag 

1501 tatgaacagccacacggtagatcaactcgtcgacgcctgatccccttcttggctatcttg 

1561 tgctgcactttgattggaacctgagtagagtgggcattcgagggtgatgaaggtcgcatt 

1621 ctttaaagcccaattcttcagtgcagcattcttctcttcatccaagaactctttataact 

1681 ggaattgggtcctggattgcagaggaagatagtgggaattccgcctttaatttgaactgg 

1741 ctttccgtactttgtatttgattgccagtccctttgggcccccatgaactctttaaagtg 

1801 ctttaggtaatggggatctacgtcatcaatgacgttataccaggcatcattattgtagac 

1861 ctttgggctaaggtctagatgtccacacaaataattatgtggtccgagtgatctggccca 

1921 tatcgtcttgcccgttctactatcaccctctatcactatacttatgggcctcaaaggccg 

1981 cgcagcggcactgacaacgttctcggcagcccactcctcaagttcttgtggaacttgatc 

2041 aaaagaagaagaggaaaaaggagaaacataagcctccaccggaggtgtaaaaatcctatc 

2101 taaattacattttaaattatgatattgaaaaataaaatctttggggagtttttccctaat 

2161 tattgctaaagcagcttcagccgaacctgcatttagggcctctgctgcagcatcattagc 

2221 tgtctgttgacctcctcgagcagatcttccatcgatctgaaactgaccccagtcgatgta 

2281 atcactgtccttctcgatgtaggacttgacatcagagctggactttgctccttggaagtt 

2341 tgggtggaattgggaggagttattagggtgagtgacatcgaaatgtctggggtttctgaa 

2401 tttggctttacctttgaactggatgagggcatggatatgcagagacccatcttggtgttt 

2461 ttcttgtgccactctgataaataatttatcagatgggcaatttattgactgaagaatctc 

2521 gagcatttgctcttttggtattgggcattttggataagtgaggaagatatttttggcatt 

2581 aacacaaaaagagttaatacgagtcatattgaattggggacactcaaaactctgaggaat 

2641 gggggactcgggggacgcatttatatggtgtccccaaatggcatatttgtaattttgaaa 

2701 aatgctttaattcaaaattcaaaattcccaaagcggccatccgtataatatt 
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4: Kenaf leaf curl betasatellite- [Pakistan:Faisalabad-

Hollyhock:2006] 

GenBank: FR772083.1 

LOCUS       FR772083                1346 bp    DNA     

circular VRL 27-JAN-2012 

DEFINITION  Kenaf leaf curl betasatellite, isolate [Pakistan:20-4:06]  Faisalabad1. 

ACCESSION   FR772083 

VERSION     FR772083.1  GI:371804916 

KEYWORDS    . 

SOURCE      Kenaf leaf curl betasatellite 

ORGANISM   Kenaf leaf curl betasatellite 

Isolation source "host leaves" 

host    "Alcea rosea" 

                      

      

1    accgtgggcgagcggagtctctggcttcttggtgggtcccacgcagtgggctttactaga 

61   tttgacctctattgggctaatttattgggcttgaaagtatttgggcctttgaagatggcc 

121  ttctatggattagggcccatgatgttgttaatgatatatgcgttgaatatgcattgttgg 

181  gttgtgtttggaattcaaacggtgaactttttattgaatacgtatggctcgattacatcc 

241  attcccaatatctctgggttttgaagtacatgcatatctatcctctgaactatgtcttct 

301  atctcgatctcttctatatttgccccgttgtatgcgaataggaaattcgctatgatgttc 

361  tcttcaaatccgttgaagtcgaatggaacgtgcatgtcttcgtacgtgtacttgacgatc 

421  ccttcatacttgctgagcgatggtgacttggtggatactgacctcatgtgaatgaagatc 

481  ttcatgttctccatgatgcgaacgtcgactgtgaacctgactccctgcttgtttgttccg 

541  ctcctagtcatcgtgcttgtgtgatggaattatttattatgcatgcatttatagacttaa 

601  atgtgagatatttgttgtagttgtgtggttgtgagtgatccattattatgtgatcgtgca 

661  ttaaatagataaagtgatgatggagatgtatgatatgtgatgaaatctttatacatgggt 

721  gtgtgcgtatttatacgtattcatgagaacaagaaaaaggataagaaaaacgtggactga 

781  actgagaaggaaagaaaacgaaagaaaagaaagaattataatccaagaaagaaaatggaa 

841  gcgcagcgtatcgaaacaggaaacccgaagaaagagaaaaaataaaaagtaaccaaaaaa 

901  aaataaaactcgaaaacgtcatcgtttgagaggaagaaaaaaaagaaaaaacaaaatgag 

961  aaccgagaacgttgtcgtttgaaggtgactcggtgtttttaccatttaccgcgcagtaaa 
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1021 tggtaaataagtgaagaatagttaaaaacaaaaggtaaattggacccaataggtaaattg 

1081 gggacccaatatatcaggtcctcaattggtacccaataaatgcctttcctaaaataccct 

1141 cgcttttgtgtctaataagcgcgtcggaatgcgccgataaagttaacattctctctcctc 

1201 ttttgtactccaatacaatttcccggtgatcggagtcgaattttccgacacgcgcggcgg 

1261 tgtgtacccctgggagggtaggatccactacggctacgcagcagccttagctacgccgga 

1321 gcttagctcgcccacgttctaatatt 

 

 

5: Kenaf leaf curl betasatellite- [Pakistan: Lahore-Hollyhock: 

2006]  

GenBank: FN678779.1 

LOCUS       FN678779                1346 bp    DNA     

circular VRL 11-MAR-2012 

DEFINITION  Kenaf leaf curl Multan betasatellite, complete 

sequence, clone HYBETA. 

ACCESSION   FN678779 

VERSION     FN678779.1  GI:379991344 

SOURCE      Kenaf leaf curl Multan betasatellite 

ORGANISM   Kenaf leaf curl Multan betasatellite 

mol_type "genomic DNA" 

isolation source"host leaf" 

host  "Alcea rosea" 

 

1    accgtgggcgagcggagtctctggcttcttggtgggtcccacgcagtgggctttactaga 

61   tttgacctctattgggctaatttattgggcttgaaagtatttgggcctttgaagatggcc 

121  ttctatggattagggcccatgatgttgttaatgatatatgcgttgaatatgcattgttgg 

181  tttgtgtttggaattcaaacggtgaactttttattgaatacgtatggctcgattacatcc 

241  attcccaatatctctgggttttgaagtacatgtatatctatcctctgaactatgtcttct 

301  atctcgatctcttctatatttgccccgttgtatgcgaataggaaattcgctatgatgttc 

361  tcttcaaatccgttgaagtcgaatggaacgtgcatgtcttcgtacgtgtacttgacgatc 

421  ccttcatacttgctgagcgatggtgacttggtggatactaacctcatgtgaatgaagatc 
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481  ttcatgttctccatgatgcgaacgtcgactgtgaacctgactccctgcttgtttgttccg 

541  ctcctagtcatcgtgcttgtgtgatggaattatttattatgcatgcatttatagacttaa 

601  atgtgagatatttgttgtagttgtgtggttgtgagtgatccattattatgtgatcgtgca 

661  ttaaatagataaagtgatgatggagatgtatgatatgtgatgaaatctttatacatgggt 

721  gtgtgcgtatttatacgtattcatgagaacaagaaaaaggataagaaaaacgtggactga 

781  actgagaaggaaagaaaacgaaagaaaagaaagaattataatccaagaaagaaaatggaa 

841  gcgcagcgtatcgaaacaggaaacccgaagaaagagaaaaaataaaaagtaaccaaaaaa 

901  aaataaaactcgaaaacgtcatcgtttgagaggaagaaaaaaaagaaaaaacaaaatgag 

961  aaccgagaacgttgtcgtttgaaggtgactcggtgtttttaccatttaccgcgcagtaaa 

1021 tggtaaataagtgaagaatagttaaaaacaaaaggtaaattggacccaataggtaaattg 

1081 gggacccaatatatcaggtcctcaattggtacccaataaatgcctttcctaaaataccct 

1141 cgcttttgtgtctaataagcgcgtcggaatgcgccgataaagttaacattctctctcctc 

1201 ttttgtactccaatacaatttcccggtgatcggagtcgaattttccgacacgcgcggcgg 

1261 tgtgtacccctgggagggtaggtaccactacggctacgcagcagccttagctacgccgga 

1321 gcttagctcgcccacgttctaatatt 

 

6: Gossypium darwinii symptomless alphasatellite - [Pakistan: 20-

4:06] Faisalabad2 

GenBank: FR772084.1 

LOCUS       FR772084                1369 bp    DNA     

circular VRL 10-JAN-2012 

DEFINITION  Gossypium darwinii symptomless alphasatellite, 

isolate [Pakistan:20-4:06] Faisalabad2. 

ACCESSION   FR772084 

VERSION     FR772084.1  GI:371804918 

KEYWORDS    . 

SOURCE      Gossypium darwinii symptomless alphasatellite 

  ORGANISM  Gossypium darwinii symptomless alphasatellite 

 Mol type  "genomic DNA" 

Isolation source   "host leaves" 

Host               "Alcea rosea" 
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1    acccagccttgtctacctctccttggctacctcgtgcgaatcacgtgagttttcgctctc 

61   tcgtttaagatgcctgctgtccagtctttatggtggtgtttcaccattttcttcacgact 

121  gctgcccctcccgacttggtgcctctcttcgagaacaccagtgtgtcctatgcctgttgg 

181  caggaagaggagtctcccacgactcgtcgacgccatttgcagggctatctgcagttgaag 

241  accaagaagtctctttgtgcggtgaaatccttgttcggggatttaaatccccatcttgag 

301  aaacaacgagctcgccggacggacgaagctcgtgattattgcatgaaagaggaaactagg 

361  gtttccggcccctttgaatttggggattattgccctagtggatcccacaaacgccggcaa 

421  cgagaatctataattcgaagtccggtgagaatggcagaggaaaatccgtccgtcttccgt 

481  cgagtaaaggcaaagattgcagaggaagaattccagaagaccgcgcatgagattcaaatt 

541  tcaaatttgaaatcttggcaatcgcgtctacagacgctcctggaacggggcccagatgac 

601  cgcactatcttctgggtatatgggccagatggtggtgaagggaaatcaacctttgctcga 

661  gacttgtatagaagtgggacctggttctatacacgtggtgggtctgctgataatgttagt 

721  tatcagtacataggtcaattaggaaataatattgtatttgatattcctcgtgataagaag 

781  gattatctacaatacagtttaatagagatgtttaaagataggttaatagttagtaacaag 

841  tacgagcctcttatggctcccttaattaattgtattcatgttgtagttatgtctaatttt 

901  atgcctgactttgagaaaattagtaaggatagagtccatgtaattccctgtagaccatgt 

961  ggtgtttgtcttaaacaccatatgattgataataaatgtgaggattatttggattaaaca 

1021 attttgtttcttgaagacaagaaagaatgaaatgaaaaaaaaaaataaaaacaaaaacat 

1081 gagtctcatattatttcaagagaaaacagggccgcgcagcggcccatcataaaaaattta 

1141 aaagaaaaaatgaaaaaaatggtttactaaaacgataacgtattgaaaaagtggaattgg 

1201 gactaaaatgtaaatatgtgaaacttgcgtgctcgccaacaaaagtaaataaaagatgcg 

1261 gttaagcggagtaaatatatgaaagttgaatggcaccgatgtaattatgagcttgtctac 

1321 caggtatccaaggatataaataacacgtcgacaaggctggtgtagtatt 

 

7: Hollyhock yellow vein mosaic alphasatellite-1- [Pakistan: 17-

5:06] Lahore2 

GenBank: FR772086.1 

LOCUS       FR772086                1360 bp    DNA     

circular VRL 10-JAN-2012 

DEFINITION  Hollyhock yellow vein mosaic alphasatellite, 

            isolate [Pakistan:17-5:06] Lahore2. 

ACCESSION   FR772086 

VERSION     FR772086.1  GI:371804922 
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SOURCE      Hollyhock yellow vein mosaic alphasatellite 

ORGANISM    Hollyhock yellow vein mosaic alphasatellite-1                

mol_type   "genomic DNA" 

Isolation source "host leaves" 

Host      "Alcea rosea" 

                      

1    acccggcctcagcccccgcccccttatgttttttctctgaattgcccctcctctcactaa 

61   gaagctttcctttagaaaaatgccttccattcgctctgtttgctggtgtttcactttgaa 

121  tttcacaggtgacgtccccgaactgacgttcgacaacaaaggcgtccagtacgccgtctg 

181  gcaacatgagaaggttagccacgatcaccttcaaggttttctgcagatgaaaggtcgacg 

241  ttccctcttgcagaccaagaaggtgtttgaaggttaccatcctcatctcgaagtgatgag 

301  agctccttcagcagaaatcgcccgcgattactgcgcgaaggaagaatctagggtttctgg 

361  accctggatttttggtgaatttgtcccgatgggttcgaacaagcgtaaattgactgagtt 

421  gctcgacaattcagataacgagatcgaagaaccccaaaaatacagacgagccatggcgat 

481  gaagatgactaaggagtcacatcagtgggcccttgaaaatgcctttccatttgaattaaa 

541  ggattggcaggagcgtctgtccggagatttgtctttatacccagatgaccgcactatctt 

601  ctgggtgtatggccccactggtggggaaggaaagtcccagtttgcaaaatacctgggttt 

661  gaataaaaattggctctatcttcctggcgggaaagttaatgacatgatgtacatgtattg 

721  caagaagccaaaatgtaatttagtaatagattatcctaggtgtaataaggattttgttaa 

781  ttatgcatttttagaaatggttaagaataggacagtatatagttataagtatgagcctgt 

841  gggatttatagatcctacgtctaatgtacatgtagttgtaatggctaatttcctccctga 

901  ttatgagaggattagcgaagatcgaataaaattaatagatttatcttaattaattgtctt 

961  atcatcatcattgatttgaaaaaaacacaggccgcgcagcggccataaccaataattttg 

1021 cttcttgaagacaagaaggaatgaaatgaaagaagatgatttccttacatattgtgggtc 

1081 ccacataataatatttattaaataaatataaaatataaataattaatattaatgggctca 

1141 aatattttaatgataatgggtttcggcccaacagatgtaaagccccaatcgggataaaat 

1201 attgactggtcaactcattaatggtattatggtcatttcatgttgaaaaatttgtacgac 

1261 ctttggcccctgcgcattttagcgaaaaagtgttggcccctgcgcacgttaacctttggc 

1321 ccctataaatagattaacgctgaggccggatcatagtatt 
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8: Hollyhock yellow vein mosaic alphasatellite-2 - [Pakistan: 17-

5:06] Lahore4 

GenBank: FR772088.1 

LOCUS       FR772088                1384 bp    DNA     circular VRL 10-JAN-2012 

DEFINITION  Hollyhock yellow vein mosaic alphasatellite-2, 

isolate [Pakistan:17-5:06]Lahore4. 

ACCESSION   FR772088 

VERSION     FR772088.1  GI:371804926 

SOURCE      Hollyhock yellow vein mosaic alphasatellite-2 

mol_type "genomic DNA" 

isolation source "host leaves" 

host  "Alcea rosea" 

                           

1    acccagcctcggttccctctccttggatccctcgtgcgattcacgtgatctctctcttct 

61   atttcattataagaaaaaatgcctacgattcagtcccaatggtggtgtttcactgtcttc 

121  tttctctccgcggctgcccccgacttggtgcctctcttcgagaacacccacgtgagttac 

181  gcctgctggcaagaggaagagtctcctacgactcgacgacgccatttgcaggggtatctc 

241  cagttgaagggaaagagaaccctcgcgcaggtgaagtcactctttggagacctgaacccc 

301  cacctggagaaacagcgtgctcgtaagaccgacgaagcacgagactactgtatgaaggaa 

361  gaaactagggtttctggtcccttcgaatttggggattattgccctagtgggtcccacaaa 

421  cgccgacaacgggaatctgtaattcgatctccggtgagaatggcagaagaaaacccatct 

481  ctgttccggcgagtaaaagcgaaaattgcagaagaagatttccagaagaccgcgcgcgag 

541  attgaaattttgaatttgaaatcttggcaattgcgcctgcagacgctcctagagagggcc 

601  ccagatgatcgcactatcttctgggtgtatggccccactggtggagaaggaaaatcgaca 

661  ttcgcgcgagacctgtatagaagtgggacctggttctatacacgtggtgggtctgctgat 

721  aatgtcagttatcagtatataggtcaattaggaaataatattgtttttgatattcctagg 

781  gataagaaggattaccttcaatatagtttaatagagatgtttaaggataggcttatagtt 

841  agtaataagtacgagcctcttatggctccattaattaattgtatacatgtagttgtaatg 

901  tctaattttatgcctgactttgagaagattagtcaggatagagtccatgtaattccatgt 

961  agaccctgtggtgtttgtcttaaacaccacataattgaaatgaaatgcgaagaatatgtg 

1021 gattaaacaattttgtttcttgaagacaagaaagaatgaaatgaaaaaaaaaacaaaaaa 
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1081 aaacatgagtcttattttatttcaagagaaaatatggccgcgcagcggcccataaaaata 

1141 aaaagaatatttgaaaaaaaagaaaaaaaaaatgactttaataaaaacgacaacgttttg 

1201 aaaaagtggaattgggactaaaatgtaaatatatgaaagttctgtgctcgccaacaaaag 

1261 taaataaaagatacggttaagcggagtaaatatatgaaagttgagtggcgtcgctgtaat 

1321 ttcgagcttggctcccagggatcctaggatataaataacacgtcaccgaggctggtgtag 

1381 tatt 

 

9: Cotton leaf curl Burewala alphasatellite - [Pakistan: 17-5:06] 

Lahore5 

GenBank: FR772089.1 

LOCUS       FR772089                1368 bp    DNA     

circular VRL 10-JAN-2012 

DEFINITION  Cotton leaf curl Burewala alphasatellite, 

isolate[Pakistan:17-5:06] Lahore5. 

ACCESSION   FR772089 

VERSION     FR772089.1  GI:371804928 

SOURCE      Cotton leaf curl Burewala alphasatellite 

ORGANISM   Cotton leaf curl Burewala alphasatellite 

mol_type "genomic DNA" 

isolation source "host leaves" 

host="Alcea rosea" 

                          

1    acccagccttgtctacctctccttggctacctcgtgcgaatcacgtgagttttcgctctc 

61   tcgtttaagatgcctgctgttcagtctctctggtggtgtttcactattttcttcactact 

121  gcttcccctcccgacctggtgcctctctttgagaacaccagcgtgtcttatgcctgctgg 

181  caggaagaggagtctcctacgaccaagcgtcgacacctgcagggctatctgcagttgaag 

241  actaagaaatcgctctctgcggtgaaatctttgttcggggatctgaatccccatcttgag 

301  aaacagcgagctcgtcggacggacgaagctcgtgactattgtatgaaagaggaaactagg 

361  gtttccggtccctttgaatttggggattattgccctagtgggtcccacaaacgccggcaa 

421  cgagaatctgtaattcgaagtccggtgagaatggcagaggaaaatccgtccgtcttccgt 

481  agagtaaaggcaaagattgcagaagaagaattccagaagaccgcgcatgagattcaaatt 

541  tcaaatttgaaatcttggcaatcgcgcctacatacgctcctggaacgggccccacatgac 
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601  cgcactatcttctgggtttacggacctgtatggctggggaaggcaaatccacctttgctc 

661  gagacctgtatagaagtgggacctggttctatacacgtggtgggtctgctgataatgtta 

721  gttatcaggtatataggtcaattaggaaataatattagtttttgatattcctagagataa 

781  gaaagattaccttcaatatagtttaatagagatgtttaaagataggttaatagttagtaa 

841  taagtacgagcctcttatggctcctttaattaattgtattcatgtagttgtaatgtctaa 

901  ttttatgcctgactttgagaagattagtcaggacagagtccatgtaattccctgtagacc 

961  atgtggtgtttgtcttaaacaccacataattgaaataaaatgtgaggaatatttggatta 

1021 attaattttgcttcttgaaaacaataaggaatgaaatgaaaaaaaaaacaaaaacaaaaa 

1081 tatgagccttctattatttcattagaaaacagggccgcgcagcggcccattaaaaaaaat 

1141 aaaagggatataaaaaaatggtttaataaaacgacaacgtattgaaaaagtgaaaatagg 

1201 accaaaatgtaaatatatcaaacttaagtgctcgccaacaaaagtaaatgatagatacgg 

1261 ttaagcggagtaaatatataaaagttgaatggcatcgctgtaatttcgagcttggctacc 

1321 aggtatccaaggatataaataacacgtcgacaaggctggtgtagtatt 

 

10: Cotton leaf curl Burewala alphasatellite - [Pakistan: 17-5:06] 

Lahore6 

GenBank: FR772090.1 

LOCUS       FR772090                1365 bp    DNA     

circular VRL 10-JAN-2012 

DEFINITION  Cotton leaf curl Burewala alphasatellite, 

isolate [Pakistan:17-5:06] Lahore6. 

ACCESSION   FR772090 

VERSION     FR772090.1  GI:371804930 

SOURCE      Cotton leaf curl Burewala alphasatellite 

ORGANISM  Cotton leaf curl Burewala alphasatellite 

mol_type "genomic DNA" 

isolation source"host leaves" 

host "Alcea rosea" 

 

1    acccagccttgtctacctctccttggctacctcgtgcgaatcacgtgagttttcgctctc 

61   tcgtttaagatgcctgctgttcagtctctctggtggtgtttcactattttcttcactact 
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121  gcttcccctcccgacctggtgcctctctttgagaacaccagcgtgtcttatgcctgctgg 

181  caggaagaggagtctcctacgaccaagcgtcgacacctgcagggctatctgcagttgaag 

241  actaagaaatcgctctctgcggtgaaatctttgttcggggatctgaatccccatcttgag 

301  aaacagcgagctcgtcggacggacgaagctcgtgactattgtatgaaagaggaaactagg 

361  gtttccggtccctttgaatttggggattattgccctagtgggtcccacaaacgccggcaa 

421  cgagaatctgtaattcgaagtccggtgagaatggcagaggaaaatccgtccgtcttccgt 

481  agagtaaaggcaaagattgcagaagaagaattccagaagaccgcgcatgagattcaaatt 

541  tcaaatttgaaatcttggcaatcgcgcctacatacgctcctggaacgggcccagatgacc 

601  gcactatcttctgggtttacggacctgatggtggggaagggaaatccacctttgctcgag 

661  acctgtatagaagtgggacctggttctatacacgtggtgggtctgctgataatgttagtt 

721  atcagtatataggtcaattaggaaataatattgtttttgatattcctagagataagaaag 

781  attaccttcaatatagtttaatagagatgtttaaagataggttaatagttagtaataagt 

841  acgagcctcttatggctcctttaattaattgtattcatgtagttgtaatgtctaatttta 

901  tgcctgactttgagaagattagtcaggacagagtccatgtaattccctgtagaccatgtg 

961  gtgtttgtcttaaacaccacataattgaaataaaatgtgaggaatatttggattaattaa 

1021 ttttgcttcttgaaaacaaaaaggaatgaaatgaaaaaaaaaacaaaaacaaaaatatga 

1081 gccttctattatttcattagaaaacagggccgcgcagcggcccattaaaaaaaataaaag 

1141 ggatataaaaaaatggtttaataaaacgacaacgtattgaaaaagtgaaaataggaccaa 

1201 aatgtaaaatatatcaaacttaagtgctcgccaaacaaaagtaaatgatagatacggtta 

1261 agcggagtaaatatataaaagttgaatggcatcgctgtaatttcgagcttggctaccagg 

1321 tatccaaggatataaataacacgtcgacaaggctggtgtagtatt 

 

11: Cotton leaf curl Burewala alphasatellite - [Pakistan:17-5:06] 

Lahore7 

GenBank: FR772091.1 

LOCUS       FR772091                1364 bp    DNA     

circular VRL 10-JAN-2012 

DEFINITION  Cotton leaf curl Burewala alphasatellite, 

isolate[Pakistan:17-5:06] Lahore7. 

ACCESSION   FR772091 

VERSION     FR772091.1  GI:371804932 

KEYWORDS    complete genome. 
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SOURCE      Cotton leaf curl Burewala alphasatellite 

ORGANISM  Cotton leaf curl Burewala alphasatellite 

mol_type "genomic DNA" 

isolation source "host leaves" 

host  "Alcea rosea" 

      

1    acccagccttgtctacctctccttggctacctcgtgcgaatcacgtgagttttcgctctc 

61   tcgtttaagatgcctgctgttcagtctctctggtggtgtttcactattttcttcactact 

121  gcttcccctcccgacctggtgcctctctttgagaacaccagcgtgtcttatgcctgctgg 

181  caggaagaggagtctcctacgaccaagcgtcgacacctgcagggctatctgcagttgaag 

241  actaagaaatcgctctctgcggtgaaatctttgttcggggatctgaatccccatcttgag 

301  aaacagcgagctcgtcggacggacgaagctcgtgactattgtatgaaagaggaaactagg 

361  gtttccggtccctttgaatttggggattattgccctagtgggtcccacaaacgccggcaa 

421  cgagaatctgtaattcgaagtccggtgagaatggcagaggaaaatccgtccgtcttccgt 

481  agagtaaaggcaaagattgcagaagaagaattccagaagaccgcgcatgagattcaaatt 

541  tcaaatttgaaatcttggcaatcgcgcctacatacgctcctggaacgggccccagatgac 

601  cgcactatcttctgggtttacggacctgatggtggggaagggcaaatccacctttgctcg 

661  agacctgtatagaagtgggacctggttctatacacgtggtgggtctgctgataatgttag 

721  ttatcagtatataggtcaattaggaaataatattgtttttgatattcctagagataagaa 

781  agattaccttcaatatagtttaatagagatgtttaaagataggttaatagttagtaataa 

841  gtacgagcctcttatggctcctttaattaattgtattcatgtagttgtaatgtctaattt 

901  tatgcctgactttgagaagattagtcaggacagagtccatgtaattccctgtagaccatg 

961  tggtgtttgtcttaaacaccacataattgaaataaaatgtgaggaatatttggattaatt 

1021 aattttgcttcttgaaaacaagaaggaatgaaatgaaaaaaaaaacaaaaacaaaaatat 

1081 gagccttctattatttcattagaaaacagggccgcgcagcggcccattaaaaaaaataaa 

1141 agggatataaaaaaatggtttaataaaacgacaacgtattgaaaaagtgaaaataggacc 

1201 aaaatgtaaatatatcaaacttaagtgctccccaacaaaagtaaatgataaatacggtta 

1261 agcggattaaatatataaaagttgaatggcctcgctgtaatttcgagcttggtaccaggt 

1321 atccaaggatataaataacacgtcgacaaggctggtgtagtatt 
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12: Cotton leaf curl Burewala alphasatellite - [Pakistan: 17-5:06] 

Lahore9 

GenBank: FR772092.1 

LOCUS       FR772092                1367 bp    DNA     

circular VRL 10-JAN-2012 

DEFINITION  Cotton leaf curl Burewala alphasatellite-[Pakistan:17-5:06] Lahore9. 

ACCESSION   FR772092 

VERSION     FR772092.1  GI:371804934 

KEYWORDS    complete genome. 

SOURCE             Cotton leaf curl Burewala alphasatellite 

ORGANISM       Cotton leaf curl Burewala alphasatellite 

Mol type  "genomic DNA" 

Isolation source   "host leaves" 

Host    "Alcea rosea" 

 

1    acccagccttgtctacctctccttggctacctcgtgcgaatcacgtgagttttcgctctc 

61   tcgtttaagatgcctgctgttcagtctctctggtggtgtttcactattttcttcactact 

121  gcttcccctcccgacctggtgcctctctttgagaacaccagcgtgtcttatgcctgctgg 

181  caggaagaggagtctcctacgaccaagcgtcgacacctgcagggctatctgcagttgaag 

241  actaagaaatcgctctctgcggtgaaatctttgttcggggatctgaatccccatcttgag 

301  aaacagcgagctcgtcggacggacgaagctcgtgactattgtatgaaagaggaaactagg 

361  gtttccggtccctttgaatttggggattattgccctagtgggtcccacaaacgccggcaa 

421  cgagaatctgtaattcgaagtccggtgagaatggcagaggaaaatccgtccgtcttccgt 

481  agagtaaaggcaaagattgcagaagaagaattccagaagaccgcgcatgagattcaaatt 

541  tcaaatttgaaatcttggcaatcgcgcctacatacgctcctggaacgggcccagatgacc 

601  gcactatcttctgggtttacggacctgatggtggggaaggccaaatccacctttgctcga 

661  gacctgtatagaagtgggacctggttctatacacgtggtgggtctgctgataatgttagt 

721  tatcagtatataggtcaattaggaaataatattgtttttgatattcctagagataagaaa 

781  gattaccttcaatatagtttaatagagatgtttaaagataggttaatagttagtaataag 

841  tacgagcctcttatggctcctttaattaattgtattcatgtagttgtaatgtctaatttt 

901  atgcctgactttgagaagattagtcaggacagagtccatgtaattccctgtagaccatgt 

961  ggtgtttgtcttaaacaccacataattgaaataaaatgtgaggaatatttggattaatta 



Annexure 1 

 117 

1021 attttgcttcttgaaaacaagaaggaatgaaatgaaaaaaaaaacaaaaacaaaaatatg 

1081 agccttctattatttcattagaaaacagggccgcgcagcggcccattaaaaaaaataaaa 

1141 gggatataaaaaaatggtttaataaaacgacaacgtattgaaaaagtgaaaatagggacc 

1201 aaaatgtaaatatatcaaaacttagtgctcgccaacaaaaagtaaatgatagatacggtt 

1261 aagcggagtaaatatataaaagttgaatggcatcgctgtaatttcgagcttggctaccag 

1321 gtatccaaggatataaaataacacgtcgacaaggctggtgtagtatt 

 

13: Ageratum yellow vein alphasatellite - [Pakistan: 17-5:06] 

Lahore1 

GenBank: FR772085.1 

LOCUS       FR772085                1368 bp    DNA     

circular VRL 10-JAN-2012 

DEFINITION  Ageratum yellow vein alphasatellite- isolate 

[Pakistan:17-5:06] Lahore1. 

ACCESSION   FR772085 

VERSION     FR772085.1  GI:371804920 

SOURCE            Ageratum yellow vein alphasatellite 

ORGANISM      Ageratum yellow vein alphasatellite 

Mol type    "genomic DNA                      

isolation source "host leaves" 

host   "Alcea rosea" 

                      

1    accccgcctcgagaccccgagctagagacctgtccgtacatttcatcttttctcttatat 

61   ttctgctgtctgagtaaacatgcctgccctcaaagcccaatggtggtgtttcactgtctt 

121  cttcctgtccgctacggctcctgacttggtgcctctgttcgagaacacccacgtgagtta 

181  cgcctgctggcaagaggaagagtctcccacgactcgacgacgccacctccaaggctacct 

241  gcaattgaagggtcagaggaccctgaaccaggtgaaggctatctttggggaattgaaacc 

301  ccatcttgagaagcagcgagctcgccgtactgacgaagctcgcgactattgtatgaagga 

361  ggaaactagggtttccgggtcctttgaatttggggattattgccctagtgggtcccataa 

421  acgccggcaacgagaatcagtaattagaagtccggtgagaatggccgaagaaaatccgtc 

481  cgtcttccgacgagtaaaggcaaagattgctgaggaagaattccagaagagcgcgcatga 

541  aattcaaatttcaaatctgaaatcttggcaaacgcgcctaaagacgctcctggagaggga 
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601  cccagatgaccgcactatcttctgggtttacggacctgatggtggggaaggaaaatccac 

661  ctttgccagagacctgtacagaagtgggtcctggttttatacacgtggtggctctgcaga 

721  taatgttagctaccagtacataggatgtttaggaaataatattgtatttgatatccctcg 

781  tgataagaaggattatctacaatatagtttaatagagatgtttaaggatagattaatagt 

841  tagtaataagtatgagccgcttatggcccctctacttaattgtattcatgtcgtagttat 

901  gtctaattttctcccagactttgagaagattagcgtagatagagtccatgtaatcccatg 

961  tagaccatgtggtgtttgtcttaaacaccataatattgataataaatgtgatgattatat 

1021 tgactaaataattttgtttcttgaagacaagaaagaatgaaatgaaaaaaaaaacaaaaa 

1081 aacatgaaccttctattatttcaagataaacagggccgcgcagcggcctatttataaaaa 

1141 taaaatttaaaaggaaataagaaaaaattgttttacaaaaacgacgacgtattgaaaaaa 

1201 gtgtaaatgggaccaaaatgtaaatataagaaagttatgtgctcgccaacaaaagtaagt 

1261 gaaagatacggttaagcggagtaaaagttatgaaagttcaagggtatgcgttgcaattat 

1321 tgaggtctctctgctataaataacacgtcacgaggcgggtgtagtatt 

 

14: Gossypium mustilinum symptomless alphasatellite - [Pakistan: 

17-5:06] Lahore3 

GenBank: FR772087.1 

LOCUS       FR772087                1360 bp    DNA     

circular VRL 10-JAN-2012 

DEFINITION  Gossypium mustilinum symptomless alphasatellite, 

isolate[Pakistan:17-5:06] Lahore3. 

ACCESSION   FR772087 

VERSION     FR772087.1  GI:371804924 

SOURCE      Gossypium mustilinum symptomless aphasatellite 

ORGANISM   Gossypium mustilinum symptomless alphasatellite 

Mol type "genomic DNA"                      

isolation source "host leaves" 

host  "Alcea rosea" 

                      

1    acccgcctcgagattttagacccctcccatttttctctcaattgcccctctctcagatgg 

61   ctgcgattaagtctgtcttctggtgctttactattttcttcacttctgcatcctttcctg 

http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=656026
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121  aattaaatcccctctttgaaaattcttgcgtgagctatgcctgctggcaggaagaagagt 

181  cgcccacgactcgacgacgccacttgcagggatatctccaatgtaagggtcagaggaccc 

241  ttaaacaggtgaaatctattttcggtaacctgaatcctcatctggagaaacagcgagctc 

301  gtaagacggacgaagctcgtgattactgtatgaaagaggaaactagggtttccggtccct 

361  atgagtttgggaattacgtcgccggtggttctaataaacggaaaattgaagatctgttgg 

421  gtaattcagataacgagatcgaagaaccccagaagtatcgaagagccatggcgatgaaga 

481  tgagtaaagcgtcacatccatgggcccttgaaaatccctttccatttgaattaaaagaat 

541  ggcaggagcgtttgtcgggagacttatctttagatcctgatgaccgcactatcttctggg 

601  tatatggtcccaccggtggagaaggaaagtcccagtttgcaaaatatctgggtttgaata 

661  aaaattggctctaccttcctggcgggaaggttaatgatatgatgtatatgtattgtaaaa 

721  agccccagagtaatttagtgatagattatcctaggtgtaataaagattttattaattatg 

781  ctttcttagagatggttaagaataggactgtgtatagttataagtatgagcctgttgggt 

841  tcattgatcctacttgtaatgtacacgttgtagttatggctaatttccttcctgattatg 

901  aaaggattagtcaagatcgaataaaattaatagatttgtcttaattaattgccttatcgt 

961  caatactaatatgaaaacaatataggccgcgcagcggccttgaatataattaattttgct 

1021 tcttgaagacaagaaggaatgaaatgaaagaactgaacctgtactaatatattgggtccc 

1081 acataataatattaattaaaataaatatataataaataaaatataatgggctaaataaaa 

1141 taaatattcttgacttggcccaactgatcaaggcccgtcaggaaatgaaatattgactgg 

1201 tcaactcattaatggtatttctgtcattttacattttaacacgcttaaacctctagaccc 

1261 ttggggatatccgtacgctctcacgtgtaaacctctagaccaggagagagaaagctctag 

1321 accctataaatagaaacccactcgaggcggccttagtatt 
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ANNEXURE 2 

Solutions for Plasmid Isolation 

Solution 1 (50 mM glucose; 25 mM Tris pH 8.0; 10 mM EDTA) 

Dissolved 4.5 g glucose in 400 ml H2O, added 12.5 ml of 1M Tris-HCl and 10 ml of 

0.5M EDTA. Adjusted the pH to 8.0 the final volume 500 ml with sterile distilled water. 

Filter sterilized it and stored at 4 °C for future use. 

Solution 2 (0.2 N NaOH; 0.5% SDS) 

Added 20 ml of 1N NaOH and 10 ml of 10% SDS to 70 ml of sterile distilled water 

and mixed gently. Stored in a plastic bottle at room temperature for future use. 

Solution 3 

57.5 ml of Glacial Acetic Acid was added slowly to 300 ml of 5 M Potassium Acetate 

and then added 142.5 ml of sterile distilled water. Adjusted the pH between 4.8 and 5.2. 

Mixed gently and filter sterilized it. Stored at room temperature for future use. 

Wash Buffer (100 ml) 

Dissolved 1.21 g of Trizma Base (final concentration 100 mM) in 5 ml of sterile 

distilled water and added 125 l of 8 M stock solution of Ammonium Acetate (final 

concentration 100 mM) into it. Added 79 ml of 95% Ethanol (final concentration 76%) and 

adjusted the volume to 100 ml by adding sterile distilled water. Stored at 20 °C for future 

use. 



Annexure 2 

 121 

CTAB Isolation Buffer 

 Dissolved 163.64 g of NaCl (final concentration 1.4 M), 14.88 g of EDTA (final 

concentration 20 mM) and 24.2 g of Trizma base (final concentration 100 mM) in 1700 ml of 

distilled water. When contents were dissolved, heated to nearly boiling and added 40 g of 

CTAB (final concentration 2%).  Stirred until contents were dissolved. Then cool to room 

temperature. Added distilled water to make final volume 2 liters. Adjusted pH to 8.0 with 

concentrated (37%) HCl. Mixed well and autoclaved it and stored in 65 °C oven. Added β-

mercaptoethanol (final concentration 2%) before use. 

TAE Electrophoresis Buffer (50X) 

 Dissolved 242 g Tris base. 37.2 g of Na2EDTA. 1H2O in 500 ml of sterile 

distilled water. Added 57.1 ml of Glacial Acetic Acid, mixed gently and adjusted the final 

volume to 1 litre by adding distilled water.  Autoclaved it and stored at room temperature for 

future use. 

8 M Ammonium Acetate Solution 

Dissolve 616.64g of ammonium acetate in 800 ml of H2O. Adjusted the volume to 1 

litre by adding distilled water. Sterilized by filtration and stored at room temperature for 

future use. 

LB Medium 

 
Dissolved 10 g of Bacto-tryptone, 5 g of Bacto-yeast extract and 10 g of NaCl in 700 

ml of distilled water. Made the final volume 1 litre with distilled water and adjusted the pH to 

7. Autoclaved it for future use. 

 


