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ABSTRACT 

The whitefly, Bemisia tabaci (Hemiptera: Aleyrodidae), is one of most destructive 

insect pests of agriculture and horticulture worldwide. It is a cryptic species complex, 

and biotypes of the complex have become serious pests in Pakistan because of their 

feeding and their ability to transmit cotton leaf curl virus (CLCuV). During 2007-

2008 and 2008-2009, the survey covered 40 cotton growing areas of the Punjab and 

Sindh provinces. Bemisia tabaci populations were sampled from cotton fields 

showing CLCuV infection. 100% prevalence was observed on the basis of typical 

begomovirus symptoms in cotton fields, both the years in Punjab and Sindh, 

Pakistan. 

The genetic diversity, biotype status of the Bemisia tabaci and its association with 

difference in Cotton Leaf Curl Disease incidence across both provinces were assessed 

by using random amplified polymorphic DNA-polymerase chain reaction and the 

mitochondrial cytochrome oxidase 1 (mtCO1) gene sequences. Phylogenetic analyses 

of mitochondrial cytochrome oxidase 1 sequences conducted by maximum-likelihood 

and maximum parsimony methods. The RAPD banding patterns showed considerable 

genetic variations among all 82 B.tabaci populations analyzed from each year. RAPD 

profiles generated 151 scorable amplification products, of which 77% were 

polymorphic in 2007 -2008 populations however 152 scorable amplification products 

were produced, of which 79% were polymorphic during 2008-2009 analysis.  The 

study showed that the primer OPA-04 gave the unique and unambiguous DNA 

profiles that clearly distinguished biotype B from indigenous non B individuals. The 

primers gave polymorphic products of 150bp and 450bp with B biotype whereas 

490bp and 1250bp with non B biotype.  RAPD data clustered the B. tabaci samples 

on the basis of B and non B biotypes, regardless of the geographical origin of the 

populations. In both years analysis, 78 out of 80 Pakistani samples excluding the 

control populations fell in the non B cluster. The sub grouping between B.tabaci is 

diverse as Punjab populations set together with both Punjab and Sindh populations in 

this cluster. The B biotype populations formed an independent cluster contained B 

biotype reference population with two populations from Sindh. This shows that the 

presence of B biotype now termed Middle East Asia Minor 1 (MEAM 1) was 

restricted to a few locations of Sindh. This RAPD analysis showed that 96% of total 

B.tabaci samples studied are non B biotype (now termed Asia II 1), observed in 
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cotton growing areas of Punjab and Sindh, Pakistan. These non B biotype B. tabaci 

are more diverse and indigenous to B biotype. It is estimated that genetic variations 

among non B populations increased by 2% over a year. 

Phylogenetic analyses of mtCO1 gene sequences congregated Pakistani B.tabaci with 

two genetic groups; Asia II 1(H, M, NA, non B biotypes) and MEAM 1 (B, B2 

biotypes) in the year 2007-2008. However, the 2008-2009 samples fell into three 

distinctive clusters namely, Asia II 1, Asia II 5 and MEAM1. This phylogenetic 

inference revealed that the vast majority of the B.tabaci were Asia II 1 (non B 

biotype) and appeared well established in cotton growing regions of Punjab and Sindh 

province.  This Asia II 1 cluster separated into two subgroups; subgroup A and 

subgroup B. The subgroup A, showed Pakistani populations shared close relationship 

with the Chinese, Indian and previously described Pakistani B.tabaci whereas the 

subgroup B clustered, Pakistani Bemisia populations with Nepal and Bangladesh 

populations. The high nucleotide identities (upto 99%) were observed in each group. 

MEAM1 was not detected in Punjab cotton growing areas by RAPD and phylogenetic 

analysis however identified from few locations of Sindh. Two populations from 

Pakpatan, Punjab and one from Khairpur, Sindh grouped with Asia II 5 (G biotype) 

with a high bootstrap support at 99%. The Asia II 5 is a new biotype observed in 

Pakistan and its presence is already reported in India and Bangladesh. This study is 

the first evidence of Asia II 5 presence in Punjab and Sindh, hence, the correlation 

between Asia II 5 and Cotton leaf curl disease (CLCuD) is yet unclear.  The 

prevalence of Asia II 1 was sustained in these two year analysis of B.tabaci 

population from cotton. It seems that the distribution of this genetic group  influence 

the distribution of CLCuD and  plays a vital role in the spread of CLCuV all over 

Punjab and Sindh provinces, Pakistan. The phylogenetic study significantly supported 

the outcomes of RAPD analysis. The high genetic variations were observed in 

B.tabaci populations of cotton growing areas of Punjab and Sindh. The Asia II 1 

(includes H, M, NA, non B biotypes) is prevalent in both provinces and associated 

with high incidence of CLCuD. The present study, gives the first indication of 

subsistence of Asia II 1 on cotton in Sindh and presence of Asia II 5 in Pakistan. This 

knowledge will contribute to the development of appropriate strategies with which to 

manage the disease in Pakistan.  
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INTRODUCTION 

Bemisia tabaci is a plant sap sucking insect in the order Hemiptera, family 

Aleyrodidae and sub family Aleyrodinae (Martin, 1987). It was first described in 

1889 as a tobacco pest in Greece and designated as Aleyrodes tabaci, the tobacco 

whitefly (Gennadius, 1889) and afterward reported in the United States as Aleyrodes 

inconspicua and referred to as the sweet potato whitefly (Quaintance, 1900). The 

corresponding whitefly was recognized in southern Nigeria and Sudan as the vector 

of cotton leaf curl disease (Golging, 1930; Kirkpatrick, 1931). In 1957, this species 

and 18 other white fly species were synonymized into a single taxonomic unit, 

Bemisia tabaci (Russell, 1957). The B.tabaci constitutes a complex of biologically 

and genetically diverse variants, or a sibling species complex (Brown et al., 1995; 

Russell, 1957; Rosell et al., 1997). This species also carries the hallmark of other 

cryptic species in that genetically and behaviorally-distinct variants, lack of 

correspondingly informative morphological polymorphisms, and thus variants cannot 

be differentiated based on definitive morphological characters (Martin, 1987; Rosell 

et al., 1997). However, it is now suggested to be a complex of 24 indistinguishable 

species or genetic groups on the basis of genetic differentiation (Dinsdale et al., 2010, 

De Barro et al., 2011). Over the past 30 years it has become one of the most intricate 

and widespread insect pests of agriculture and horticulture worldwide.  

LIFE CYCLE 

The life cycle of B.tabaci can take approximately 2-3 weeks up to several months to 

complete, depending on host and temperature conditions (Inbar and Gerling, 2008). A 

single female can produce up to 200 eggs in her lifetime. Eggs are tiny, oval-shaped, 

and are deposited on the abaxial leaf surface (Figure 1). Whitefly eggs have a distinct 

longitudinal eclosion line that splits open during hatching allowing the new born 

nymph to emerge (Gelman et al., 2002). The first instar nymph is known as a 

“crawler” and it searches the leaf for an appropriate location where it can obtain 

nutrition by inserting its stylet in the phloem tissue. It stays there for the rest of its 

nymphal development. Here, the crawler molts to the second instar, its legs are pulled 

up under its body and the rest of the immature stage is sessile. 

 

http://en.wikipedia.org/wiki/Nymph
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Figure 1: Lifecycle stages of Bemisia tabaci. 

Nymphs have a reduced body design and are sessile while adults retain the 

well-developed anatomical features. Pupal case has T-shaped opening to 

allow the emergence of an adult Bemisia. 

(http://entnemdept.ufl.edu/fasulo/whiteflies/wfly0019.htm) 
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Two additional molts develop leading to a fourth-instar nymph (N4). The N4 instar is 

commonly referred to as the 'pupa'. During this stage simple nymphal eye change to 

bipartite adult compound eye and simple bilayers of tissues transform to highly folded 

and invaginated wing buds (Gelman et al., 2002). Adult whiteflies are about 1mm 

long with two pairs of white wings and light yellow bodies (Figure 1). Whiteflies 

have an interesting biology (Parthenogenesis) in which whitefly eggs require 

fertilization in order to develop into diploid females and unfertilized eggs develop 

into haploid male offspring (Byrne and Devonshire, 1996; Crowder et al., 2010). 

BIOLOGY AND SYSTEMATICS 

The Bemisia tabaci has long confound systematics owing to indistinguishable 

morphological characters that synonymized B.tabaci with 22 species in the 

Aleyrodidae (Mound and Halsey, 1978). The basis of establishing these major 

synonymic remains contentious, mainly because it relied on the morphology of the 

fourth instar nymph referred as pupa, which exhibits unusual plasticity in response to 

differences of the host plant and to changes in the environmental (Russell, 1957). A 

new attention in the systematics of the Bemisia occurred in the mid-1980s when the 

heavy populations of Bemisia infested crops and ornamental plants in the United 

States. It was identified as a strain or biotype of B.tabaci based on morphological 

similarity with B.tabaci. Various names were given to this new strain i-e Poinsettia 

strain, B-strain, B biotype to distinguish it from the already present strain i-e Cotton 

strain, A-strain, A biotype (Costa and Brown, 1991). 

Research based on many molecular and biochemical analysis separated B strain from 

the A strain. Variations between the two had been reported in their respective host-

plant relationship (Burban et al., 1992), virus transmission efficiency (Bedford et al., 

1994) and conserved DNA sequences (Frohlich et al, 1999).The extent of these 

differences were adequate to suggest that B.tabaci may be a species complex (Brown 

et al., 1995; Frohlich et al., 1999). Recent research on systematics of B.tabaci 

suggested that there is no unambiguous set of biological data that quantitatively 

distinguish any B.tabaci but considerable differences studied on genetic data that 

identified it to be a complex of 24 well distinct species/ groups. These species can be 

recognized by comparison against consensus sequences and bordered by 3.5% 

mtCO1 sequence pairwise genetic distance divergence (Dinsdale et al., 2010; De 
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Barro et al., 2011). Although the support for B.tabaci being named a cryptic species 

complex composed of morphologically identical species is increasingly strong (Liu et 

al., 2012) but still controversial, so for convenience and to be consistent with the 

previous literature, the term biotype or assignment of biotypes to particular genetic 

groups is used here. 

HOST RACES OR BIOTYPES 

The term biotype, strain or race has been used to differentiate morphological identical 

organism that exhibit distinct phenotypic behaviors. The existence of host plant 

linked races were first applied on the basis of the observations of the polyphagous 

Sida race of B.tabaci in Puerto Rico that colonizing various plant species and 

transmitted several viruses (Bird and Maramorocsch, 1978) and monophagous 

Jatropha race which transmitted the Jatropha mosaic virus only to and from Jatropha 

gossypifolia (Bird, 1957).  

The first major outbreak of the B.tabaci occurred in 1981 in southwestern USA, later 

becoming known as Arizona A biotype (Costa and Brown, 1991). A second outbreak 

of B.tabaci occurred in Florida in 1985, was characterized by the unusual ability to 

colonize Poinsettia plants and was referred as B biotype (Costa and Brown, 1991). 

Thereafter the term of biological type was preferred to phenotypically distinguish 

B.tabaci instead of race. The induction of silvering symptoms on cucurbita species 

was used as a diagnostic indicator for B biotype. Further studies have recognized 11 

morphological indistinguishable biotypes (A, B, B2, D, E, G, H, K, J, L and M) 

against a range of biological characters (Bedford et al., 1994). 

Later two additional polyphagous biotypes were discovered, that also induced 

silvering, one from Uganda designated as non B (Sseruwagi et al., 2005) and the 

other from the Reunion island referred as MS (Delatte et al., 2005). A unique biotype 

based on distinctive esterase and RAPD profiles was recognized as Q biotype in the 

Mediterranean/Middle Eastern region. This biotype exhibits greater resistance to 

neonicotinoides insecticides than the B biotype (Nauen et al., 2002). At least 28 

biotypes of B.tabaci have been recognized on the basis of begomovirus transmission 

efficacy, capacity to induce silver leafing, host range and capacity to produce female 

offspring following inter biotype mating trials but globally important and well-studied 

biotypes are B and Q (Perring, 2001; Simon et al., 2003; Zhang et al., 2005; 
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McKenzie et al, 2012). Previously, the Pakistani Bemisia population was structured 

into Indian, Southeast Asian and Mediterranean African clades (Simon et al., 2003). 

INVASION AND SPREAD 

The B and Q biotypes of B.tabaci have a well-deserved status for being invasive and 

have shown a remarkable capacity to spread. Over the past 20 years, the B biotype 

has spread from its origins in the Middle East Minor region to at least 50 countries in 

Africa, the America, Australia, Asia and Europe through its passive transportation on 

ornamental plants (Dalton, 2006). The Q biotype has also begun to invade globally 

from its origin in countries bordering the Mediterranean Basin to at least 10 countries 

in Africa, the America, Australia, Asia and Europe owning to its association with 

ornamentals (Zhang et al., 2005; Dalton, 2006). 

In most cases, the invasion history has been scantily recorded. In the USA, the 

introduced B biotype displaced the indigenous A biotype was essentially over when it 

was documented (Hamon and Salguero, 1987). Later with the advancement in 

molecular markers, the invasion and spread of B biotype in Australia and China was 

well monitored. In Australia, the presence of B biotype was first identified in 1994 

(Gunning et al., 1995). It is expected that the B biotype entered Australia in mid-1993 

when the insecticides resistance was recorded and that spread was again via trade in 

ornamental species (De Barro, 1995). In a period of 3-4 years, the native biotype was 

completely displaced by B biotype in northern and southern Queensland and New 

South Wales (Sutherst et al., 1999).  The introduction of B biotype was first recorded 

in China in 2002 (Luo et al., 2002). The B biotype is now known to be widely spread 

in a number of provinces in China. Meanwhile, due to the import of poinsettia and 

other ornamental plants from Spain and Canary Islands to China, the Q biotype was 

introduced into China in 2003. It caused serious damage to crops in Beijing, Jiangsu 

and Yunnan (Chu et al., 2006).  

In Pakistan, the B biotype was first identified on cotton in the Punjab Province 

(Hameed et al., 1996), afterward it was introduced in Sindh province but not found in 

the Punjab. It is considered that B.tabaci originated from the Indian Subcontinent on 

the basis of presence of greatest diversity of parasitoids in Pakistan (Simon et al., 

2003). There are many factors, such as insecticide resistance, mating behavior, host 



6 
 

plant interactions, and virus vector plant related effects that contribute to the invasion 

and subsequent spread of B.tabaci into new areas and habitats.  

HOST RANGE 

B.tabaci is extremely polyphagous, feeding on more than 600 different plant species 

(Mound and Halsey, 1978; Secker et al., 1998; Naranjo and Ellsworth, 2009). It 

colonizes numerous annual and perennial plant species of Fabaceae, Asteraceae, 

Malvaceae, Solanaceae, and Euphorbiacease. Among the plant families, the number 

of host plants per family ranges from 99 species each in the Fabaceae (Basu, 1995) to 

one species each in the Begnoniaceae, Lythraceae and Zygophyllaceae (Mound and 

Halsey, 1978). 

The association of B.tabaci with its host is complex. The polyphagous A biotype 

exhibits a preference for bean, cotton, cucurbits and composites whereas in the same 

environment the introduced B biotype showed preference for cotton, eggplant, 

squash, tomato and lantana (Butler and Brown, 1985). The extensive survey of host 

plants of B.tabaci from the Punjab, Pakistan recorded 160 plant species belonging to 

113 genera of 42 families including crops, ornamentals, fruit and forest trees, and 

weeds during 1996-1999. Among these, 36 host plant species have not been reported 

previously from any place (Attique et al., 2003). Their ability to readily disperse, 

colonize new hosts and reproduce rapidly makes B.tabaci an exceptionally tough pest 

to manage (Blackmer et al., 1995; Palumbo et al., 2001). 

DAMAGES 

B.tabaci is the most devastating pest of modern agriculture. It has caused extensive 

damage to crops through direct feeding on the underside of leaves and indirectly by 

transmitting numerous plant viruses. Adults and nymphs of B.tabaci feed primarily 

on phloem in minor veins, which they usually access from the abaxial leaf surface 

(Jiang and Walker, 2007). Phloem transports photosynthate to all parts of the plant 

made during photosynthesis and phloem sap generally has high concentrations of 

sugars (Girousse et al., 1991). When high populations of B.tabaci ingest phloem sap 

it can result in leaf spotting, yellowing and abscission, reduced plant vigor and 

stunted growth and these effects lead to the extensive loses in the quality and quantity 

of yield (Hussain and Tehran, 1933). 
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B.tabaci feeding also induces phytotoxic disorders in a variety of plant species and 

symptoms vary with the host plant. These physiological changes include irregular 

ripening of tomatoes, vein blanching of Cole crops and silver leafing of cucurbits. 

The symptoms were described as physiological disorder in the plant and not linked to 

the transmission of viruses (Yokomi et al., 1990). These changes are permanent, but 

once B.tabaci is removed the subsequent leaves and fruit develop normally (Costa et 

al., 1993). The squash silver leafing is a highly visible symptom induced by the B 

biotype and has been used as a marker for this biotype identification (Costa and 

Brown, 1991). Later two additional biotypes were found to induce these symptoms, 

non B Ug6 (Sseruwagi et al., 2005) and the MS (Delatte et al., 2005).  

The most extensive damage caused by B.tabaci is due to virus transmission. During 

feeding it acquires plant viruses from the phloem sap. After moving to and feeding on 

another plant, it may propagate the acquired viruses. B.tabaci is the only known 

vector of begomoviruses among different species of whitefly. Begomovirus is one of 

the largest genus belongs to family Geminiviridae since more than 110 species of this 

genus transmitted by B.tabaci (Jones, 2003). The begomoviruses produce general 

symptoms of leaf curling, yellowing mosaic or molting and stunting but symptoms 

vary by specific virus and virus strain and by host species and cultivar.  

Begomoviruses are circular single stranded DNA molecule encapsidated in a 20 by 

28nm geminate protein coat. Most of them are bipartite (for example tomato golden 

mosaic virus), containing two genomic components DNA-A and DNA-B each of 

2800 nucleotides. The genes involved in virus replication and encapsidation are 

encoded on DNA-A and those required for intra and inter cellular movement are 

encoded on DNA-B. Few of the begomoviruses are monopartite (for example tomato 

yellow leaf curl virus, TYLCV composed of single DNA genomic component that 

resembles DNA-A. Some monopartite viruses contain satellite DNA molecule called 

DNA β, which together with DNA-A necessary for the expression of disease 

symptoms (Saunders et al., 2000). Begomoviruses are transmitted in a persistent, 

circulative manner. Female B.tabaci transmits begomoviruses more efficiently as 

compared to males. For example transmission efficiency of TYLCV by female 

whiteflies was six fold higher than that of males (Cohen and Nitzany, 1966).  

The worldwide spread of B biotype accompanied by the emergence of begomoviruses 

epidemics, has caused severe economic impact. The most serious whitefly borne 
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infection was observed in Africa where pandemics of cassava mosaic disease was 

caused by an array of viruses in the genus, Begomovirus, commonly referred to as the 

cassava mosaic geminiviruses (Zhou et al., 1997). Another severe begomoviral 

disease is tomato yellow leaf curl disease (TYLCD). It caused the major economic 

problem in early 1970s when total crop failure occurred (Czosnek and Laterrot, 

1997).  Since then, epidemics have emerged and devastated tomato crops in numerous 

countries in Africa, the Americas, the Caribbean, Europe, the Middle East, and 

Southeastern Asia (Varma and Malathi, 2003). The incidence of TYLCD is recently 

reported in Reunion Island (Delatte et al., 2005), Mexico (Brown and Idris, 2006) and 

Venezuela (Zambrano et al., 2007). To date, eleven different virus species have been 

formally associated with TYLCD, among them Tomato yellow leaf curl virus, 

TYLCV is the most destructive one (Fauquet et al., 2008). The emergence of new 

begomoviruses in the past ten years appears to be closely related to the increased 

prevalence of B.tabaci (Jones, 2003) and associated with the changes in crop 

cultivation, intensive use of insecticide, and overlapping of susceptible host species in 

crop rotation (Morales and Jones, 2004). 

B.tabaci causes indirect damages to the crops by the excretion of honeydew, as a by-

product of feeding. The honeydew accumulates on the upper surface of the leaves 

where it serves as a substrate for the growth of sooty mold fungi. The mold reduces 

photosynthesis and decreases the market value of the plant and fruit (Berlinger, 

1986). Honeydew deposition on the open ball of cotton promotes mold growth and 

making it more difficult to gin and therefore reducing its quality.  

GENETIC DIVERSITY BASED ON BIOCHEMICAL AND MOLECULAR 

MARKERS 

The use of biochemical and molecular markers in the Bemisia tabaci complex has 

revealed enormous genetic diversity hidden behind the morphological synonymy 

among its biotypes and in determining interrelationships. Most of these studies 

identified mating compatibilities as well as differences among distinct populations in 

phytotoxic induction, insecticide resistance, transmission of begomoviruses and 

ecological behavior (Brown et al., 1995). Molecular markers have also been used to 

identify and track the role of natural enemies in suppression of B.tabaci in different 

agro-ecosystems (Kirk et al., 2000). 
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The use of biochemical markers, starting in the late 1980s with allozymes, was an 

attempt to reveal significant protein polymorphisms within B.tabaci and provide a 

tool to distinguish biological and ecological traits. Allozymes are biochemical variant 

forms of an enzyme that are encoded by different alleles at the same locus (Lowe et 

al., 2004). The first study was undertaken by Prabhaker et al. (1987), who 

demonstrated variation in nonspecific esterase to distinguish three species of whitefly. 

The earliest comprehensive study of B.tabaci variants using general esterase 

identified the distinct esterase bands in B type and proposed the A and B 

nomenclature thus the population derived from cotton designated as A type and 

population reared on poinsettia, designated as B type (Costa and Brown, 1991). The 

presence of the poinsettia strain or “B” biotype in California, USA, which was 

suspected since 1990 (Costa and Brown, 1990), was confirmed by the use of 

Isoelectric focusing (IEF). The IEF patterns derived from the cotton strain (A 

biotype) expressed unique alleles, in contrast to the poinsettia and broccoli isolates of 

the B biotype. These differences together with induction of Squash Silverleaf 

symptoms by B biotype in squash and reproductive isolation were considered 

sufficient to accept B biotype as a separate Bemisia species (Perring et al., 1992). 

Later in another study, based on IEF revealed that populations in the Bemisia genus 

exhibited polymorphic allozyme loci and the genetic distances among these variants 

recommended B.tabaci possibly represent a complex with more than one species 

(Brown, 2000). 

The use of allozymes has explained a limited amount of polymorphisms as the 

mutations occurring in introns in DNA sequences that code for the same amino acid, 

if not expressed at the protein level leading to underestimation of polymorphism 

among individuals (Behura, 2006). The invention of the polymerase chain reaction 

(PCR) largely shifted the population studies from protein based (allozymes) to DNA 

based e.g., randomly amplified polymorphic DNAs, microsatellites, amplified 

fragment length polymorphisms, single nucleotide polymorphisms, and DNA 

sequencing (Schlötterer, 2004). The ribosomal DNA internal transcribed spacer 

region of B.tabaci was analyzed by Restriction fragment length polymorphisms. It 

was found that monophagous cassava-associated populations and polyphagous non-

cassava populations clustered in separate groups and were genetically distinct. 

(Abdullahi et al., 2004). Subsequently five biotypes were successfully recognized in 
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the Mediterranean basin by using a restriction enzyme to digest the PCR amplified 

mitochondrial cytochrome oxidase I gene (Bosco et al., 2006). 

The Randomly amplified polymorphic DNA (RAPD) method was widely adopted to 

study gene flow and genetic diversity among B.tabaci biotypes or races. The invasion 

and spread of B biotype was particularly monitored by this technique for the 

application of more efficient control measures. The first study in this direction has 

distinguished the A and B biotype on genetic differences and concluded that the 

degree of similarity between the two biotypes is similar to that between other whitefly 

species (Gawel and Bartlett, 1993). In a more detailed investigation of Iberian 

B.tabaci populations by Moya et al., (2001) used analysis of molecular variance of 

RAPD data. This study identified six genetically distinct clusters consisting of either 

biotype Q, or B, or a mixture of the two. It also suggested that gene flow is restricted 

between the two biotypes even in mixed field populations. In addition, populations of 

the Q biotype were shown to be more genetically polymorphic than populations of B 

which suggested that the Q is indigenous in contrast to B in the region. The genetic 

diversity of Indian Bemisia populations was analyzed by RAPDs resulting in 

geographic clustering, rather than host-associated, structuring of populations (Rekha 

et al., 2005).  

In addition to its use in population genetics, RAPD has come to be commonly used as 

a marker for rapid identification of a biotype in a region. For example, in Israel, the Q 

biotype was first detected by RAPD and esterase profiles and was found sympatric 

with the B biotype in various crops (Horowitz et al., 2003). RAPD markers were 

widely used for almost 15 years in population genetics studies and molecular 

identification in B.tabaci. But the problems of reproducibility and segregation of 

dominant markers restrict their extended use. However RAPDs are quick, cost 

effective and are analyzed by a universal set of primers. (Welsh and McClelland, 

1990; Williams et al., 1990) thus will continue to be used in studies of detection and 

monitoring for the presence of a biotype in a region. 

B.tabaci of the Asia-Pacific region showed the presence of allopatric divergence in 

most populations possibly due to strong host-plant association structure maintained 

by physical barriers or competitive interactions. (De Barro et al., 2005).The close 

relationships among Q biotype populations from Israel, the Iberian Peninsula and 
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Italy, and likewise between B biotype populations from Egypt and Israel were 

recognized with microsatellite markers (Simon et al., 2007).  

The two nuclear markers, the16S ribosomal DNA and, the nuclear noncoding internal 

transcribed spacer region sequence have facilitated the phylogeography for B.tabaci 

haplotypes but appeared to be less reliable for bar coding as compared to mtCO1 

marker (Frohlich and Brown, 1994; Frohlich et al., 1999; De Barro et al., 2000, 

2005). Currently, the mitochondrial DNA is widely used as it has proven to be most 

informative in barcoding and facilitating identification of B.tabaci biotypes (Brown, 

2000; Brown and Dennehy, 2006). 

In a vast majority of organisms, the mitochondrial genome is maternally heritable and 

its coding regions exhibit higher rates of evolution (mutation) compared to the 

nuclear genome (Brown, 1983). Numerous advantages of the mtCO1 sequence data 

have surfaced, such as a lack of recombination during cell division, high copy 

number, relative ease of isolation, availability of universal primers, and the presence 

of both conserved and variable regions. (Lunt et al., 1996; Funk and Omland, 2003; 

Dowton, 2004; Lin and Danforth, 2004). The mtCO1 gene is particularly used for 

population genetics and for inferring phylogenetic relationships between recently 

diverged B.tabaci complex (Brown and Idris, 2005; Ueda and Brown, 2006; Boykin 

et al., 2007, Qiu et al., 2013). 

Cytochrome oxidase subunit 1, has been among the most commonly used loci within 

insect systematics (Zhang and Hewitt, 1997), with its size and structure being among 

the most preserved among many species of Insecta (Lessinger et al., 2000). The 

mitochondrial Cytochrome oxidase I (mtCO1) has been one of the frequently used 

loci within B.tabaci systematics as well.  Previously the Pakistani Bemisia population 

was structured into non B biotype (Indian clade), K biotype (Southeast Asian clade), 

and B biotype (Mediterranean African clade) on the basis of mtCO1 sequences 

(Simon et al., 2003). 

Previously, individuals were assigned to groups through phylogenetic analyses. This 

approach has become problematic, as no structure is available to provide regulation 

and definition of the limits for any group. This has caused the assignment of groups to 

often be arbitrary and inconsistent. It is furthermore biased by the complement of 

haplotypes chosen for the analysis. This issue was largely addressed by an approach 
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suggested by Dinsdale et al., (2010). A rule set was recommended by which to 

identify genetic bounds.  It was pointed out that B.tabaci is a complex of at least 24 

morphologically indistinguishable species/ genetic groups by 3.5% mtCO1 sequence 

pairwise genetic distance divergence (Dinsdale et al., 2010; De Barro et al., 2011). 

These 24 genetic groups are: Mediterranean (Q, J, L, SubSaharan Africa Silver leaf 

biotypes), Middle East-Asia Minor 1 (B, B2 biotypes), Middle East-Asia Minor 2, 

Indian Ocean (MS biotype), Asia I (K, P, ZHJ2 biotypes), Australia/Indonesia, 

Australia  (AN biotype), China 1 (ZHJ3 biotype), China 2, Asia II 1 (H, M, NA 

biotypes), Asia II 2 (ZHJ1 biotypes), Asia II 3, Asia II 4, Asia II 5 (G biotypes), Asia 

II 6, Asia II 7 (Cv biotype), Asia II 8, Italy  (T biotype), Sub-Saharan Africa 1, Sub-

Saharan Africa 2 (S biotype), Sub-Saharan Africa 3, Sub-Saharan Africa 4, New 

World (A, C, D, F, Jatropha, N, R, Sida biotypes) and Uganda. Some of the genetic 

groups had no biotype designation. This accentuates the problem with assigning 

names to groups without considering their genetic bounds and suggests that most 

studies have taken place without a thorough consideration of the underlying genetic 

structure. Furthermore, many closely related biotypes are given different names.  As a 

consequence, biotype designations for B.tabaci have, in many cases, been confusing. 

Using Dinsdale et al., (2010) 24 consensus sequences as a standard against correct 

assignment of unknown sequence, provides for the first time a consistent means of 

identifying the genetic bounds of each genetic group with a high degree of certainty. 

The use of genetic groups would also remove this ambiguity and may aid in more 

accurate classifying and monitoring of distinct genetic groups. (Dinsdale et al., 2010; 

De Barro et al., 2011).  

PHYLOGENETIC TOOLS 

Phylogenetic methods can be used for many purposes, including analysis of 

morphological and molecular data, comparisons of more than two sequences, analysis 

of gene families with functional predictions and estimation of evolutionary 

relationships among organisms (Felsenstein, 2004).  
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Distance methods 

Distance methods of phylogenetic reconstruction are based on the concept of using 

measures of sequence dissimilarity to calculate the number of evolutionary changes 

that have occurred since the sequences shared a common ancestor. Pairwise 

calculations of these observed distances can then be used to infer the evolutionary 

history of those sequences by reconstructing a phylogenetic tree by placing closely 

related sequences under the same interior node, and with branch lengths representing 

the observed distances between sequences. However, distance measures can also 

underestimate evolutionary changes, for example the greater the divergence between 

two sequences the more likely it is that multiple mutations have occur at the same 

nucleotide site. To resolve this issue, substitution models representing different 

hypotheses about relative rates of mutation along the sequences can be used to correct 

these distance measures (Page and Holmes, 1998). 

The main objections to the use of distance methods to construct phylogenetic trees 

have been made that using pairwise distances to summarize sequences loses 

information, and  that tree branch lengths reconstructed from observed distances are 

not always easy to interpret biologically.  

Maximum parsimony 

In comparison, maximum parsimony (MP) is a discrete method, in that it uses 

sequence data directly, or functions derived from it, rather than pairwise distance 

measures. Maximum parsimony methods of phylogenetic inference select the tree, or 

trees, with the fewest evolutionary changes i.e. the most parsimonious tree or trees, 

MPT(s). MP methods maximize the amount of evolutionary change through 

homology (i.e. minimizes the amount of homoplasy), and assumes the implicit 

hypothesis of evolution itself, i.e. that evolutionary change is rare (Page and Holmes, 

1998).  

Maximum likelihood 

Maximum likelihood (ML) methods of phylogenetic reconstruction calculate the 

likelihood of obtaining the sequence data, given the topology of a tree. The tree that 

gives the sequence data the highest likelihood is selected (Page and Holmes, 1998). 

While ML methods are most commonly used in molecular phylogenetics, progress in 
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the development of morphology based ML methods is being made (Ronquist, 2004). 

However, it has recently been shown that multiple maximum likelihood values may 

exist for a given phylogenetic tree. This implies that even if the globally optimal tree 

is found using ML methods, the ML criterion alone may not be enough to resolve the 

true phylogeny for certain problems (Zhou et al., 2006). 

COTTON AND COTTON LEAF CURL VIRUS STATUS IN PAKISTAN 

Cotton is an important cash crop and lifeline of the textile industry. Cotton plant 

belongs to the genus Gossypium of the family “Malvaceae”. The plant is a shrub 

native to tropical and subtropical regions around the world. Cotton crop occupies a 

fundamental position in the Pakistan‟s economy. Cotton and cotton products 

contribute about 10 per cent to Gross Domestic Product and 54 per cent to the foreign 

exchange earnings of the country (Government of Pakistan, 2009a; 2009b).  Pakistan 

is the fourth largest producer and the third largest consumer of cotton in the world 

(Cororaton and Orden, 2008). Over 15 percent of Pakistan‟s cultivated area is 

allocated to cotton and about 26 percent of farmers grow this crop, with production 

mainly in the provinces of the Punjab and Sindh (Government of Pakistan, 2003). In 

the Punjab, the dominant cotton producing areas are RahimYar Khan, Bahawalpur, 

Bahawalnagar, Multan, Dera Ghazi Khan, Muzaffargarh, Vehari, and Khanewal, 

whilst in Sindh, Sanghar is the major contributing area. 

Since the early 1990s cotton production in Pakistan, has been facing the challenge of 

large scale pest infestation contribution to unexpected fluctuations in cotton yield and 

significant economic losses. During the last 15 years, the area decreased from 2960 to 

2839 thousand hectares and the production of cotton increased, but with major 

fluctuations (Figure 2). A major impediment to the cotton production is the 

prevalence of mealy bugs and more importantly, the cotton leaf curl virus (CLCuV). 

Progress in controlling some of the pest infestation issues is expected as a 

consequence of the development and introduction of genetically modified cotton. 

Pakistan has been working in this area since 1997.  

http://en.wikipedia.org/wiki/Shrub
http://en.wikipedia.org/wiki/Punjab,_Pakistan
http://en.wikipedia.org/wiki/Sindh
http://en.wikipedia.org/wiki/Rahim_Yar_Khan
http://en.wikipedia.org/wiki/Bahawalpur
http://en.wikipedia.org/wiki/Bahawalnagar
http://en.wikipedia.org/wiki/Multan
http://en.wikipedia.org/wiki/Dera_Ghazi_Khan
http://en.wikipedia.org/wiki/Muzaffargarh
http://en.wikipedia.org/wiki/Vehari
http://en.wikipedia.org/wiki/Khanewal
http://en.wikipedia.org/wiki/Sanghar
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 Figure 2:  Production, area and yield of cotton in Pakistan. 

During the last 15 years, considerable variations in production, area and 

yield of cotton has been observed. The data were taken from online 

FAOSTA databases, (http://faostat.fao.org/site/567/default.aspx#ancor). 
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Unfortunately, the country had not commercially adopted Bt cotton by late 2009 

(Nazli, 2010) This delay has resulted in the unregulated adoption of Bt-type cotton. 

Pakistan has seen considerable economic loss from pest infestations of cotton crop 

despite administrative and research initiatives. These losses are estimated in the range 

of 10-15 percent of the total annual crop for a year with normal infestation and can 

increase to 30-40 percent in a bad year. (Salam, 2008).  

Whiteflies cause serious economic damage to cotton through direct feeding that 

removes phytosynthates and nutrients, by the deposition of sugary excrement 

“honeydew” on lint and indirectly by transmission of viral pathogens. The major pest 

problems in cotton are due to several biotypes of B.tabaci worldwide, typically in 

warm regions (Munro 1987). The B biotype more frequently infects cotton grown in 

the Southwest of the United States however Q biotype and some indigenous biotypes 

usually infest cotton grown in Mediterranean countries and in China (Liu et al., 

2007).  

The most destructive disease of cotton is cotton leaf curl disease (CLCuD) mainly 

caused by Cotton leaf curl virus (CLCuV) belonging to the genus Begomovirus of the 

family Geminiviridae (Hameed et al., 1994). All the begomoviruses are transmitted 

by B.tabaci in a persistent manner and infect only dicotyledonous plants (Briddon and 

Markham, 2000). For these viruses, only a DNA-A, but not a DNA-B, component has 

been identified (Briddon and Markham, 2000: Liu et al., 1998) for CLCuV. CLCuV 

is a helper virus for a satellite-like DNA (DNA β), and infection by both CLCuV and 

DNA β is necessary to cause the symptoms of CLCuD. DNA β is encapsidated in 

CLCuV particles and, presumably, also is transmitted by B.tabaci (Briddon et al., 

2001). In general female whiteflies are more prolific vectors of CLCuV than male 

whiteflies (Mann and Singh, 2004a). Female whiteflies transmit CLCuV 1.5 times 

more efficiently than male whiteflies. In addition sexual demarcation is also observed 

in CLCuV retention capacity of male and female whiteflies. Female whiteflies 

retained the virus upto 7.46 days as compared to 5.08 days by males (Mann and 

Singh, 2004b).  

In Pakistan, CLCuV was first observed near Multan in 1967, but the occurrence of 

this disease was sporadic and of minor economic importance.  However the situation 

changed in 1987 when it first became a serious threat to Pakistan‟s cotton crop. In 
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1991/1992, it became an epidemic form causing 50% yield reduction, with losses 

upto 100% (Hameed et al., 1996). 

This was followed in 1993–1994 by a further 30–40% reduction in production in 

mostly the Punjab and CLCuD did not occur in most of the cotton-growing areas in 

Sindh. Later in 1997 the disease was observed in Sindh province as well (Saif et al., 

1997). The distribution of CLCuD in the Punjab by Indian genotype I (K biotype) and 

Sindh was mainly influenced by Mediterranean-African genotype B biotype of 

B.tabaci (Simon et al., 2003).  

Recent studies from India and Pakistan have demonstrated a complex etiology of 

CLCuD involving CLCuV and a minimum of four other distinct and closely related 

begomoviruses species namely: Cotton leaf curl Alabad virus, Cotton leaf curl 

Kokhran virus, Cotton leaf curl multan virus and Cotton leaf curl Rajasthan virus 

(Briddon and Markham, 2000, Briddon, 2003).  Cotton plants manifest similar 

symptoms once infected with various begomoviruses. The initial symptoms of 

CLCuV infection appear within 2-3 weeks of inoculation and are recognizable by 

upward or downward curling of the leaf margins, darkening and swelling of veins, 

and development of cup shaped outgrowths on the underside of the leaves. There is a 

significant decrease in sympodial and monopodial branches, flowering, boll 

formation and maturation, in severely infected cotton plants. As a result, they show 

stunted growth, reduced seed yield and fiber quality (Kapur et al., 1994; Briddon, 

2003; Geering, 2010).  

MANAGEMENT OF BEMISIA TABACI AND COTTON LEAF CURL VIRUS 

 

Cultural Control 

Cultural control practices are important elements of integrated pest management 

(Hilje et al., 2001) in both manipulating the environment and interfering with the 

ability of virus vectors to contact the crop. Most of the cultural methods are 

applicable, effective and environmentally safe controls. They serve as the first line of 

defense in preventing the primary contact of the pest into a newly planted crop. The 

protective effect of mulches was observed in tomato and cucumber plants against 

Bemisia borne viruses. The use of soil mulch to protect tomato plants from infestation 

by whiteflies was first suggested by Avidov (1956) who used sawdust or whitewash 
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spray to mulch the crop seedbeds. Similarly straw mulches efficiently reduced 

whitefly population and delayed the spread of cucumber vein yellowing virus and 

tomato yellow leaf curl virus (Cohen 1982). The disease incidence was lowest (10–

20%) in plants grown over yellow and silver mulches respectively, compared to 50% 

disease incidence in the unmulched plots (Antignus et al., 2004; Antignus et al., 

2005). 

Adjusting planting and harvest dates and geographic manipulation of crops has been a 

successful strategy to avoid heavy periods of B.tabaci migrations. The short 

production season cotton varieties successfully avoid late season B.tabaci heavy 

infestations that lead to sticky cotton (Cook and Scott 1995). The susceptible crops 

such as lettuce and Brassica spp. should not be sown near infestation sources such as 

cotton or melon, and in close proximity to each other and this effectively reduces 

B.tabaci populations. However, weeds may also serve as sources of whitefly 

predators and parasitoids that play an important role in whitefly suppression and 

should be conserved (Godfrey et al., 2008). Crop rotation patterns, special 

considerations for type and spatial arrangement of crops planted are key components 

in establishment of a host-free period for management of B.tabaci and its vectored 

virus pathogens (Hilje et al., 2001; Ellsworth and Martinez-Carrillo, 2001). 

Crop rotation patterns and spatial arrangement of cotton plant is critical to managing 

the whitefly related problems. Cotton should be planted at least one-half mile upwind 

from other key host crops (e.g., melons, cole crops, and tomatoes), from key 

ornamental plants, and from key weed species that harbor B.tabaci (Godfrey et al. 

2008). The populations of B.tabaci migrate to other crops, ornamental plants and 

weeds to overwinter since cotton is generally grown annually in most parts of the 

world. Cotton should not be grown as a perennial crop which would provide 

overwintering sites for B.tabaci and for whitefly-transmitted virus pathogens such as 

the old world CLCuV (Mansor et al., 1993) and the new world Cotton leaf crumple 

virus (Dickson et al., 1954; Seo et al., 2006). In late spring and early summer, the 

problems in cotton arise as populations of migratory B.tabaci move into the crop 

(Chu et al., 2005a, 2007; Ellsworth and Martinez-Carrillo, 2001). These populations 

begin to increase rapidly with rise in temperatures during summer. Therefore, the 

highest B.tabaci populations occur in mid- to late-summer (Naranjo and Ellsworth, 

2009). 
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Water and fertility management play important roles as cultural tactics in whitefly 

management. The populations of B.tabaci adults as well as nymphs developed faster 

on well-watered plants and produced more honeydew and sugars per gram of 

honeydew (Henneberry et al., 2002). Water and nitrogen fertilizer over utilization can 

result in enhancing the damage from B.tabaci infestations as this leads to increase in 

whitefly numbers and honeydew production. (Bi et al., 2005).  Early crop termination 

through irrigation cessation and chemical defoliation are other cultural tools to 

prevent whitefly re-growth and to reduce whitefly migration from cotton to other 

crops (Chu et al., 2007).   

Host Plant Resistance 

Host plant resistance has long been considered as one of the most effective 

components of insect control (Russell, 1978). There are plant species as well as 

multiple germplasm within a species which possess a high level of resistance that has 

been selected through the evolutionary process (Stout et al., 2002). Tomato, Solanum 

lycopersicon (Solanaceae), is one of the economically most important crops 

worldwide. The success of this crop is always limited by B.tabaci. The Mi-1gene is 

identified in tomato for regulating resistance to piercing sucking Insects (Rossi et al. 

1998). In a greenhouse choice assay, B and Q biotypes of B.tabaci showed 

significantly reduced host preference and reproduction on three commercial tomato 

cultivars with the Mi-1 gene („Motelle‟, „VFN8‟ and „Ronita‟) compared with three 

Mi-1-negative cultivars („Moneymaker‟, „Rio Fuego‟ and „Roma‟) (Nombela et al. 

2001). Thus to reduce the use of insecticides which develop resistance in B.tabaci 

these control methods are effective in preventing or reducing the incidence of plant 

diseases and insect pests.  

Glabrous cotton varieties are generally less susceptible than hirsute varieties (Norman 

and Sparks, 1997) and help in whitefly management. It has also been well 

acknowledged that cotton genotypes with normal palmate leaf shape are generally 

more susceptible to B.tabaci colonization than genotypes with okra-leaf shape 

(Berlinger, 1986; Chu et al., 2005b). The use of plant resistant variety to pest 

management has been long considered more appropriate and environment friendly 

(Russell 1978).The wild cotton, G. thurberi, has resistance to B.tabaci (Walker and 
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Natwick (2006) and can be bred and manipulated to cross with G. hirsutum to 

produce more resistant cotton.  

Biological Control 

Epidemic outbreaks of the Bemisia tabaci in late 1980s in tropical and sub-tropical 

regions of the world had caused intense use of insecticides to control it. This not only 

produced resistance in whitefly but also negatively affected environment. 

Consequently the search for natural enemies of B.tabaci with potential as biological 

control agents gained more attention in the past decade. Numerous species of 

predators and parasitoids have been found to be ubiquitous and operate continuously 

on all life stages of the whitefly, functioning as control factors in the process.  

There are more than 150 arthropod species currently described as B.tabaci predators 

whereas few have been studied in detail (Gerling et al., 2001).  Some predator species 

for example, Delphastus catalinae, and Axinoscymnusc ardilobus (Ren and Pang) 

consumed immature stages, especially eggs of whitefly (Huang et al., 2006; Legaspi 

et al., 2006). Hippodamia convergens fed preferably on whitefly eggs and adults both 

(Hagler and Naranjo, 2004) while Propylea japonica (Thunberg), Serangium 

parcesetosum, Macrolophu scaliginosuswere observed feeding on B.tabaci nymphs 

more frequently (Al-Zyoud and Sengonca, 2004, Zhang et al., 2007, Bonato et al., 

2006). 

The recent breakthrough in whitefly biological control has been development and 

commercialization of the predatory mite, Amblyseius swirskii. The A. swirskii seems 

to be well adapted to every vegetable crop host except tomato (Calvo et al., 2008).  

The individual parasitoid species might not act as a key mortality factor but can have 

an additive and decisive influence on whitefly-crop relationships. The documented 

parasitoid species attacking B.tabaci include 46 Encarsia, 21 Eretmocerus, 3 Amitus, 

1 Neochrysocharis, and 1 hyperparasitoid (Gerlinget al., 2001; Evans, 2007; Qiu et 

al., 2004; Abd-Rabou, 2006; Zolnerowich and Rose, 2008). Eretmocerus mundus 

successfully managed B.tabaci in large-scale commercial trials in protected pepper 

production facilities in southern Spain (Stansly et al., 2005).  It is observed that the 

combined use of the parasitoid and predator provide better results than the use of any 

single natural enemy, especially in spring when whitefly populations were very high 

(Gabarra et al., 2006). Trottin-Caudal et al. (2006) determined that B.tabaci control 
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was significantly improved when Macrolophus Caliginous was included with Er. 

Mundus in greenhouses during tomato production in winter. 

B.tabaci is indigenous to many cotton systems where a full suite of natural enemies 

would be expected to occur.  Indigenous natural enemies have adopted B.tabaci as 

prey, and numerous exotic parasitoids and a few coccinellid predator species have 

often been introduced. Although biological control alone has yet to solve the whitefly 

problem in cotton, natural enemies can still play an important role in cotton Integrated 

Pest Management systems (Naranjo and Ellsworth, 2009).  

Hagler and Naranjo (1994) determined the most common predator species in the 

cotton are Geocoris spp. and Oriustristicolor, they prey on B.tabaci eggs and adult 

females. Other whitefly predators found in cotton include several species of lady 

beetles such as the convergent lady beetle, Hippodamia convergens, the seven-spotted 

lady beetle, Coccinella septempunctata, Collops spp. (Coleoptera: Melyridae), several 

lacewing species, and an empidid fly, Drapetis nr. divergens, which is a voracious 

predator of adult whiteflies (Hagler, 2002; Hagler and Naranjo, 2005). 

 Use of insecticides is a limiting factor in establishment of effective biological control 

in cotton (Gerling and Naranjo, 1998); however, use of selective insecticides such as 

the Insect Growth Regulators IGRs early in the cotton season can minimize the risk of 

destroying whitefly natural enemies  and allowing them to contribute significantly to 

pest control (Naranjo et al., 2004).  

Chemical Control 

Chemical control is an essential component of crop protection in modern agriculture, 

although over reliance on insecticides has resulted in resistance problems, ecological 

disturbances and higher cost to the growers. The chemical control for B.tabaci, Sharaf 

(1986) included numerous references from India, the Middle East and North Africa 

where insecticides were being used for control of infestations and viral diseases 

vectored by B.tabaci.  At the beginning of the 1990s, insecticides with novel modes 

of action and selective properties such as buprofezin, pyriproxyfen, diafenthiuron and 

imidacloprid, were found to be very effective for controlling developmental stages of 

Bemisia in cotton and other crops (Horwoitz et al., 1994). The chemicals that have 

had the most immediate impact on B.tabaci control include the nicotinoids and insect 
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growth regulators (IGRs). The nicotinoids are systemic neurotoxins that target 

acetylcholine receptors in the insect nervous system. Imidacloprid, the first nicotinoid 

listed, has been largely responsible for the sustained management of B.tabaci in 

horticultural production systems worldwide. 

The non-neurotoxic IGRs, including buprofezin, a chitin synthesis inhibitor, and 

pyriproxyfen, a juvenile hormone analog, have also played important roles in 

controlling B.tabaci, particularly on cotton in North America and Israel. Collectively, 

the novel biochemical aspect and biological measures of these insecticides make them 

extremely effective (Palumbo et al., 2001). Though, aggressive insecticide 

applications resulted in resistance development in B.tabaci and impairment of field 

control.  

The early cases of resistance in B.tabaci were observed against conventional classes 

of insecticides that include organo-chlorines, organophosphates, carbamates and 

pyrethroids (Dittrich et al., 1990). Unfortunately, high levels of resistance to 

imidacloprid have become common in the horticultural crop production regions of the 

Mediterranean including Spain (Rauch and Nauen, 2003) and Cyprus (Roditakis et 

al., 2005).  

Biotypes B and Q expressed multiple resistance traits and invasiveness that had 

brought each biotype into sympatry with the other on multiple continents. Populations 

of Q biotype showed extreme resistance to neonicotinoids in Euorope (Nauen et al., 

2002) and to pyriproxyfen in Israel (Horowitz et al., 2002). Subsequently high 

neonicotinoid resistance in a B-type population from Israel (Rauch and Nauen, 2003) 

Guatemala (Byrne et al., 2003) and Florida (Schuster et al., 2008) had been detected 

as well. Nevertheless the tendency to view Q-type as more resistance prone than B-

type appeared in recent reports of resistance to newer modes of action (Roditakis et 

al., 2005; Prabhaker et al., 2005; Horowitz et al., 2005). In fact insecticide resistance 

management strategies coupled with the use of cultural and biological pest 

management tactics, at present provides the best model for combating insecticide 

resistance in B.tabaci (Palumbo et al., 2001). 

The presence of whitefly adults and nymphs generally on the abaxial leaf surface has 

complicated its control with foliar insecticides in cotton, mostly escaping contact with 
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spray droplets, and B.tabaci has developed resistance to many insecticides. Whiteflies 

need to be monitored on abaxial surfaces of leaves from early squaring to harvest. 

Prior to registration of IGRs for whitefly control, only adults were checked for 

management in cotton. Later, nymphal action thresholds were also established 

(Ellsworth and Martinez-Carrillo, 2001; Naranjo and Ellsworth, 2009).  

The overuse of insecticides for whitefly control in cotton, and using a single class of 

pesticide or another class with the same mode of action, has led to development of 

insecticide-resistance in B.tabaci, in many countries (Castle et al., 2001). 

Consequently, integrated management of whiteflies in cotton needs to commence 

before planting, relying as much as possible on cultural and biological controls and 

later use of insecticides only when considered necessary.  

Recently, insecticide resistance for B.tabaci and difference in incidence of cotton leaf 

curl disease (CLCuD) in the Punjab and Sindh province has been increasingly 

reported (Ahmad et al., 2000, 2002; Simon et al., 2003). It is therefore imperative to 

analyze the genetic structure of B.tabaci populations and its association with CLCuD 

in cotton growing areas of Pakistan. This will enable a more accurate assessment of 

potential crop damage and may help in developing a proactive adoption of mitigation 

strategies.  The objectives of this study included: 

 To estimate the genetic diversity of indigenous B.tabaci populations

and monitor the presence of its biotypes using RAPD markers.

 To amplify and sequence the mitochondrial cytochrome oxidase I

(mtCO1) gene of B.tabaci and determine the phylogenetic

relationships of these and published populations of B.tabaci from Asia,

Africa and the New World.

 To evaluate the spread of B.tabaci across both provinces and its

association with difference in CLCuD incidence.
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MATERIALS AND METHODS 

SURVEY AND COLLECTION OF SAMPLES 

Adult whitefly samples were collected from the Punjab and Sindh provinces during 

2007-2008 and the collection was repeated from the same areas during 2008-2009. In 

the Punjab collections were taken from 33 locations of 11 districts while in Sindh 

whitefly sampled from 7 locations of 7 districts (Figure 3). Two samples from each 

location were used. 

Adult Bemisia tabaci were collected from older foliage as the whitefly has vertical 

distribution of immature eggs and early instar nymphs near terminal growing parts 

and older nymphs or adults on progressively older foliage (Naranjo and Flint, 1995). 

At least 30 adult whitefly were collected from each plant by handheld aspirator and 

stored in 70% v/v alcohol until analysis. B.tabaci populations were sampled from 

cotton fields showing begomovirus like symptoms mainly leaf curl, vein thickening 

and enation (Figure 4). Population of B.tabaci is defined as the set of whitefly 

individuals collected at a certain location in a single field. The field survey to CLCuD 

assessment in Pakistan involves visual observation of plants. The percentage of 

infected plants was calculated for CLCuD incidence by using the following formula 

(Naveed et al., 2007): 

% Disease incidence  = 
Number of infected plants 

× 100 
Total Number of plants 

The name of the isolates, their collection sites and estimation of CLCuD of that area 

are summarized in Table 1 (2007-2008) and Table 2 (2008-2009) respectively. The 

samples/isolates were given names according to the name of the province, name of 

district, year of collection and number of sample from that district.  
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Figure 3: Map of Pakistan showing sample collection sites 

a) Map of Pakistan showing major cotton growing districts of the Punjab

and Sindh. b) Map of the Punjab province showing sample collection sites. c) 

Map of Sindh province showing sample collection sites. 

(b) 
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Figure 4: Whitefly collected from cotton fields with visual symptoms of cotton 

leaf curl disease. 

a) Thickening and yellowing of veins on the lower surface of leaf with

B.tabaci population. b) and c)  downward or upward curling of leaves  with 

stunted plant growth. d) Enation on the underside of cotton leaf. 

(a) (b)

(c) (d)



27 

Table 1: Collection date, name of the samples, CLCuD incidence and l                          

ocations of Bemisia tabaci from the Punjab and Sindh, 

Pakistan during 2007 – 2008 .

No Collection 

date 

Samples 

Name 

Place CLCuD 

incidence % 

The Punjab Province 

1 
Aug,07 

PjFd07-l Faisalabad/Faisalabad 40 

2 
" 

PjFd07-2 Faisalabad/Faisalabad 

3 
" 

PjJh07-1 Jhang/Jhang 50 

4 
" 

PjJh07-2 Jhang/Jhang 

5 
" 

PjJh07-3 Shorkot/Jhang 50 

6 
" 

PjJh07-4 Shorkot/Jhang 

7 
" 

PjKw07-1 Saraisidhu/Khanewal 70 

8 
" 

PjKw07-2 Saraisidhu/Khanewal 

9 
" 

PjKw07-3 Kabirwala/Khanewal 60 

10 
" 

PjKw07-4 Kabirwala/Khanewal 

11 
" 

PjKw07-5 Talamba/Khanewal 70 

12 
" 

PjKw07-6 Talamba/Khanewal 

13 
" 

PjKw07-7 Khanewal/Khanewal 80 

14 
" 

PjKw07-8 Khanewal/Khanewal 

15 
" 

PjKw07-9 Mianchannu/Khanewal 70 

16 
" 

PjKw07-10 Mianchannu/Khanewal 

17 
" 

PjMu07-1 BastiMaluk/Multan 50 

18 
" 

PjMu07-2 BastiMaluk/Multan 

19 
" 

PjMu07-3 Multan/Multan 70 

20 
" 

PjMu07-4 Multan/Multan 

21 
" 

PjMu07-5 Shujabad/Mulatn 60 

22 
" 

PjMu07-6 Shujabad/Mulatn 

23 
" 

PjLd07-1 Lodhran/Lodhran 40 

(Continued) 
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24 
" 

PjLd07-2 Lodhran/Lodhran 

25 
" 

PjBp07-1 Bahawalpur/Bahawalpur 55 

26 
" 

PjBp07-2 Bahawalpur/Bahawalpur 

27 
" 

PjBp07-3 Nurpur/Bahawalpur 70 

28 
" 

PjBp07-4 Nurpur/Bahawalpur 

29 
" 

PjBp07-5 Ahmadpur East/Bahawalpur 60 

30 
" 

PjBp07-6 Ahmadpur East/Bahawalpur 

31 
" 

PjBp07-7 HasilPur/Bahawalpur 45 

32 
" 

PjBp07-8 HasilPur/Bahawalpur 

33 
" 

PjRy07-1 Liaqatpur/RaheemYaar Khan 70 

34 
" 

PjRy07-2 Liaqatpur/RaheemYaar Khan 

35 
" 

PjRy07-3 Khanpur/ RaheemYaar Khan 75 

36 
" 

PjRy07-4 Khanpur/ RaheemYaar Khan 

37 
" 

PjRy07-5 R Yaar Khan/ RaheemYaar Khan 60 

38 
" 

PjRy07-6 R Yaar Khan/ RaheemYaar Khan 

39 
" 

PjRy07-7 Sadiqabad/ RaheemYaar Khan 55 

40 
" 

PjRy07-8 Sadiqabad/ RaheemYaar Khan 

41 
Sept, 07 

PjVi07-1 Tibba/Vehari 65 

42 
" 

PjVi07-2 Tibba/Vehari 

43 
" 

PjVi07-3 Vehari/Vehari 65 

44 
" 

PjVi07-4 Vehari/Vehari 

45 
" 

PjVi07-5 Burewala/Vehari 60 

46 
" 

PjVi07-6 Burewala/Vehari 

47 
" 

PjVi07-7 Gaggo/Vehari 80 

48 
" 

PjVi07-8 Gaggo/Vehari 

49 
" 

PjVi07-9 Luddan/Vehari 70 

50 
" 

PjVi07-10 Luddan/Vehari 

51 
" 

PjBn07-1 ChistianMandi/Vehari 55 

52 
" 

PjBn07-2 ChistianMandi/Vehari 

53 
" 

PjBn07-3 Bahawalnagar/Bahawalnagar 45 

 Table 1 (Continued)  

(Continued) 
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54 
" 

PjBn07-4 Bahawalnagar/Bahawalnagar 

55 
" 

PjPa07-1 Pakpatan/ Pakpatan 50 

56 
" 

PjPa07-2 Pakpatan/ Pakpatan 

57 
" 

PjPa07-3 Nurpur/ Pakpatan 70 

58 
" 

PjPa07-4 Nurpur/ Pakpatan 

59 
" 

PjPa07-5 Jehan Khan/ Pakpatan 45 

60 
" 

PjPa07-6 Jehan Khan/ Pakpatan 

61 
" 

PjSh07-1 Arifwala/Sahiwal 50 

62 
" 

PjSh07-2 Arifwala/Sahiwal 

63 
" 

PjSh07-3 Sahiwal/Sahiwal 65 

64 
" 

PjSh07-4 Sahiwal/Sahiwal 

65 
" 

PjSh07-5 Chichawatni/Sahiwal 55 

66 
" 

PjSh07-6 Chichawatni/Sahiwal 

 Sindh Province 

67 
Sept, 07 

SdNs07-1 Nawabshah/ Nawabshah 50 

68 
" 

SdNs07-2 Nawabshah/ Nawabshah 

69 
" 

SdSg07-1 Sanghar/ Sanghar 60 

70 
" 

SdSg07-2 Sanghar/ Sanghar 

71 
" 

SdTa07-1 TandoAllahYaar/ TadoAllahYaar 55 

72 
" 

SdTa07-2 TandoAllahYaar/ TandoAllahYaar 

73 
" 

SdMk07-1 Mir Pur Khas/ Mir Pur Khas 40 

74 
" 

SdMk07-2 Mir Pur Khas/ Mir Pur Khas 

75 
" 

SdHd07-1 Hyderbad/ Hyderbad 30 

76 
" 

SdHd07-2 Hyderbad/ Hyderbad 

77 
" 

SdKh07-1 Khairpur/ Khairpur 40 

78 
" 

SdKh07-2 Khairpur/ Khairpur 

79 
" 

SdNf07-1 Nowsheroferoz/ Nowsheroferoz 35 

80 
" 

SdNf07-2 Nowsheroferoz/ Nowsheroferoz 

Host Plant: Cotton  

Table 1 (Continued) 
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Table 2: Collection date, name of the samples, CLCuD incidence and locations of 

Bemisia tabaci from the Punjab and Sindh, Pakistan during 2008 – 2009.

No Collection 

date 

Samples 

name 

Place CLCuD 

incidence % 

2008 The Punjab Province 

1 Aug, 08 PjFd08-l Faisalabad/Faisalabad 45 

2   " PjFd08-2 Faisalabad/Faisalabad 

3   " PjJh08-1 Jhang/Jhang 50 

4   " PjJh08-2 Jhang/Jhang 

5   " PjJh08-3 Shorkot/Jhang 65 

6   " PjJh08-4 Shorkot/Jhang 

7   " PjKw08-1 Saraisidhu/Khanewal 60 

8   " PjKw08-2 Saraisidhu/Khanewal 

9   " PjKw08-3 Kabirwala/Khanewal 50 

10   " PjKw08-4 Kabirwala/Khanewal 

11   " PjKw08-5 Talamba/Khanewal 75 

12   " PjKw08-6 Talamba/Khanewal 

13   " PjKw08-7 Khanewal/Khanewal 60 

14   " PjKw08-8 Khanewal/Khanewal 

15   " PjKw08-9 Mianchannu/Khanewal 65 

16   " PjKw08-10 Mianchannu/Khanewal 

17  " PjMu08-1 BastiMaluk/Multan 55 

18   " PjMu08-2 BastiMaluk/Multan 

19   " PjMu08-3 Multan/Multan 70 

20   " PjMu08-4 Multan/Multan 

21   " PjMu08-5 Shujabad/Mulatn 65 

22   " PjMu08-6 Shujabad/Mulatn 

23   " PjLd08-1 Lodhran/Lodhran 45 

24   " PjLd08-2 Lodhran/Lodhran 

25   " PjBp08-1 Bahawalpur/Bahawalpur 60 

26   " PjBp08-2 Bahawalpur/Bahawalpur 

(Continued) 
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27   " PjBp08-3 Nurpur/Bahawalpur 65 

28   " PjBp08-4 Nurpur/Bahawalpur 

29   " PjBp08-5 Ahmadpur East/Bahawalpur 65 

30   " PjBp08-6 Ahmadpur East/Bahawalpur 

31   " PjBp08-7 HasilPur/Bahawalpur 55 

32   " PjBp08-8 HasilPur/Bahawalpur 

33   " PjRy08-1 Liaqatpur/RaheemYaar Khan 85 

34   " PjRy08-2 Liaqatpur/RaheemYaar Khan 

35   " PjRy08-3 Khanpur/ RaheemYaar Khan 65 

36   " PjRy08-4 Khanpur/ RaheemYaar Khan 

37   " PjRy08-5 R Yaar Khan/ RaheemYaar Khan 70 

38   " PjRy08-6 R Yaar Khan/ RaheemYaar Khan 

39   " PjRy08-7 Sadiqabad/ RaheemYaar Khan 55 

40   " PjRy08-8 Sadiqabad/ RaheemYaar Khan 

41 " PjVi08-1 Tibba/Vehari 65 

42   " PjVi08-2 Tibba/Vehari 

43   " PjVi08-3 Vehari/Vehari 65 

44   " PjVi08-4 Vehari/Vehari 

45   " PjVi08-5 Burewala/Vehari 70 

46   " PjVi08-6 Burewala/Vehari 

47   " PjVi08-7 Gaggo/Vehari 70 

48   " PjVi08-8 Gaggo/Vehari 

49   " PjVi08-9 Luddan/Vehari 60 

50   " PjVi08-10 Luddan/Vehari 

51   " PjBn08-1 ChistianMandi/Vehari 75 

52   " PjBn08-2 ChistianMandi/Vehari 

53   " PjBn08-3 Bahawalnagar/Bahawalnagar 55 

54   " PjBn08-4 Bahawalnagar/Bahawalnagar 

55   " PjPa08-1 Pakpatan/ Pakpatan 55 

 Table 2                        (Continued)  

(Continued) 



32 

56   " PjPa08-2 Pakpatan/ Pakpatan 

57   " PjPa08-3 Nurpur/ Pakpatan 50 

58   " PjPa08-4 Nurpur/ Pakpatan 

59   " PjPa08-5 Jehan Khan/ Pakpatan 65 

60   " PjPa08-6 Jehan Khan/ Pakpatan 

61   " PjSh08-1 Arifwala/Sahiwal 45 

62   " PjSh08-2 Arifwala/Sahiwal 

63   " PjSh08-3 Sahiwal/Sahiwal 55 

64   " PjSh08-4 Sahiwal/Sahiwal 

65   " PjSh08-5 Chichawatni/Sahiwal 65 

66   " PjSh08-6 Chichawatni/Sahiwal 

Sindh Province 

67 Sept, 08 SdNs08-1 Nawabshah/ Nawabshah 60 

68   " SdNs08-2 Nawabshah/ Nawabshah 

69   " SdSg08-1 Sanghar/ Sanghar 65 

70   " SdSg08-2 Sanghar/ Sanghar 

71   " SdTa08-1 TandoAllahYaar/ TandoAllahYaar 55 

72   " SdTa08-2 TandoAllahYaar/ TandoAllahYaar 

73   " SdMk08-1 Mir Pur Khas/ Mir Pur Khas 55 

74   " SdMk08-2 Mir Pur Khas/ Mir Pur Khas 

75   " SdHd08-1 Hyderbad/ Hyderbad 40 

76   " SdHd08-2 Hyderbad/ Hyderbad 

77   " SdKh08-1 Khairpur/ Khairpur 40 

78   " SdKh08-2 Khairpur/ Khairpur 

79   " SdNf08-1 Nowsheroferoz/ Nowsheroferoz 45 

80   " SdNf08-2 Nowsheroferoz/ Nowsheroferoz 

Host Plant: Cotton  

Table 2  (Continued) 
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Reference populations of B biotype provided by Dr. Baoli Qui, South China 

agriculture university, Guangzhou, China and a non B biotype collected from Multan 

in 2006 and maintained on cotton plants in growth room in NARC, Islamabad were 

included for comparison. The B biotype is (Middle East Asia Minor 1 group) and non 

B is (Asia II 1 group) according to Dinsdale et al (2010) putative genetic group 

nomenclature. 

DNA EXTRACTION 

Two methods were used for the extraction of Bemisia tabaci DNA. 

Total nucleic acids were extracted from individual whitefly by crushing them in glass 

homogenizer containing 60µL of ice cold lysis buffer. Lysis buffer was 5 mM of Tris-

HCl, pH 8.0, containing 0.5 mM of EDTA, 0.5% Nonidet P-40 and 1 mg/mL of 

proteinase K. After grinding the tissue, the mixture was transferred to 0.5ml 

microtube and incubated at 65°C for 15 minutes and 95°C for 10 minutes to inactivate 

the proteinase K, prior to a brief centrifugation (10,000 g) to pellet debris. The 

aqueous supernatant was transferred to a new microtube and stored at -20 °C until 

needed (Frohlich et al., 1999). After thawed out samples can still be used up to 4 

weeks if kept at 4°C. 

A simple modified protocol for DNA extraction was developed as follows. 

 An individual B. tabaci adult was crushed in glass homogenizer containing 50µl of 

the extraction buffer containing 20µl/ml of 10XTaq buffer with KCl (100mM Tris-

HCl, pH 8.8 at 25C, 500mM KCl, 0.8% Nonidet P40) and 1mg/ml of proteinase K. 

The homogenate was transferred to a 0.5ml microtube and heated in a thermocycler to 

65°C for 15 minutes followed by 95°C for 10 minutes. After a brief centrifugation, 

the supernatant transferred to new microtube and stored at -20 °C until analysis. 

PRIMERS SELECTION 

For RAPD analysis, in total 25 10mer primers tested which were previously used in 

measuring genetic diversity and biotypes identification by Simon et al. (2003), Moya 

et al, (2001) and Guirao et al. (1997). In preliminary trials, five randomly selected 

samples were used to select the suitable primers. After an initial screening, 10 primers 

were selected on the basis of their ability to detect the polymorphism and production 
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of the clear distinct banding patterns in B.tabaci. Ten 10mer primers used in RAPD-

PCR experiments were OPA-04, OPA-09, OPA-11, OPB-13, OPC-01, OPC-04, OPC-

10, OPC-15, OPO-06, OPO-18 (Operan technologies). For mitochondrial cytochrome 

oxidase I (mtCO1) gene amplification forward primer C1-J-2195 in combination with 

reverse primer L2-N-3014 were used (Frohlich et al., 1999). Primers name, sequences 

and thermal profiles used in this study are shown in Table 3. 

Table 3: Name, sequence and thermal profile of the primers used. 

Usage 
Name of 

Primer 

Sequence Length of Anealing 

temperature 

used  (
o
C) (5’-3’) 

primer 

(bp) 

RAPD-PCR OPA-04 AATCGGGCTG 10 35 

OPA-09 GGGTAACGCC 10 35 

OPA-11 CAATCGCCGT 10 35 

OPB-13 TTCCCCCGCT 10 35 

OPC-01 TTCGAGCCAG 10 35 

OPC-04 CCGCATCTAC 10 35 

OPC-10 TGTCTGGGTG 10 35 

OPC-15 GACGGATCAG 10 35 

OPO-06 CCACGGGAAG 10 35 

OPO-18 CTCGCTATCC 10 35 

mtCO1-

PCR 

C1-J-2195 TTGATTTTTTGGTCATCCAGAAGT 24 50 

L2-N-3014 TCCAATGCACTAATCTGCCATATTA 25 50 
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RAPD PCR. 

RAPD-PCR reactions were performed in 25 µl of reaction mixture containing Taq 

buffer (10 mMTris-HCl, pH 8.8, 50 mMKCl, 0.8% (v/v) Nonidet P40), 3.0 mM 

MgCl2, 200 µM of each dNTP, 0.8µM of primer and 1.25 units Taq polymerase 

(Fermentas UAB Lithuania). The reaction was run in a thermocycler using the 

following parameters:  Initial denaturation at 94 °C for 1 minute followed by 45 

cycles of denaturing at 92 °C for 1 minute, Primer annealing at 35 °C for 1 minute 

and extension at 72 °C for 2 minutes and final extention of 7 minutes at 72 °C, and 

then held at 4 °C. 

AGAROSE GEL ELECTROPHORESIS 

The PCR amplified products were analyzed by electrophoresis using 1.4% w/v 

agarose gel containing 1X Tris-borate EDTA (TBE) buffer (Tris 108 g/l, borate55 g/l, 

EDTA 7.5 g/l) and 0.5µg ml-1 ethidium bromide. The aliquots of PCR products were 

mixed with loading dye (20% v/v glycerol, 0.25% bromophenol blue) prior to 

loading. DNA fragment size was determined by comparison with a 1kb ladder 

(Fermentas). After electrophoresis, DNA bands where visualized on UV 

transilluminator. 

DATA ANALYSIS 

DNA fragments amplified by a given primer were scored as 0 for the absence and 1 

for the presence of a band. Size of the amplified products was calculated by 

comparing known size of 1kb molecular weight marker. DNA bands with identical 

mobility were considered to be identical fragments. Pair-wise comparisons of the 

B.tabaci populations based on the presence or absence of distinctive and shared 

amplification products were used to generate similarity coefficients. Genetic 

similarity (F) was calculated among B.tabaci populations according to Nei and Li 

(1979) based on following formula: 

Similarity (F) = 2Nab/(Na + Nb) 

Where Na is  the total number of fragments calculated in individual ‘a’, Nb   the total 

number of fragments detected in  individual ‘b’ and Nab represents the number of 

fragments shared by individuals ‘a’ and ‘b’ 
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From the resulting similarity coefficients, a dendrogram was constructed using 

unweighted pair group method with arithmetic means (UPGMA). This analysis was 

carried out using the software NTSYS-pc, version 2.2 package (Rohlf, 2005). All 

computations were carried out using the computer program NTSYS, version 2.1 

(Applied Biostatistics Inc., USA). 

MITOCHONDRIAL CYTOCHROME OXIDASEI GENE AMPLIFICATION 

Selected B. tabaci samples from the RAPD cluster analysis were subjected to 

mitochondrial cytochrome oxidase I (mtCO1) PCR and sequencing. A total 50 

samples (25 from each year) were used to amplify a fragment of approximately 830 

bp of the mitochondrial COI gene according to the procedure described by Frohlich et 

al. (1999) with some modifications. The reaction mixture contained 2 µL of template 

DNA, Taq buffer (10 mMTris-HCl, pH 8.8, 50 mMKCl, 0.8% (v/v) Nonidet P40), 3.0 

mM MgCl2, 200 µM of each dNTP, 0.5µM of each primer and 1.5 units Taq 

polymerase (Fermentas UAB Lithuania). The PCR thermal profile was an initial pre-

PCR denaturation at 94 °C for 2 minutes, followed by 35 cycles of denaturing at 92°C 

for I minute, annealing at 50 °C for 1 minute, and extension of 1 minutes at 72 °C and 

then 7 minutes at 72 °C.  

     After amplification, PCR products were separated by electrophoresis using 1% w/v 

agarose gel containing 0.5 ug/ml of ethidium bromide in 1 X Tris-borate EDTA 

(TBE) buffer. Fragment size was estimated using 1kb ladder (Fermentas UAB 

Lithuania). 

Purification of mtCO1 amplified products 

The mtCO1 gene amplified products were purified using QIAquick PCR Purification 

Kit (QIAGEN Inc., Valencia, CA). 5 volumes of binding buffer PB was added to 1 

volume of the PCR sample and mixed thoroughly. The sample was applied to the 

QIAquick column which allowed the efficient adsorption of DNA to silica membrane 

and contaminant passed through the column.  Impurities such as salts, enzymes and 

unincorporated nucleotides were washed away with 750µl ethanol-containing buffer 

PE and pure DNA was recovered with 50µl of elution buffer EB (10mM Tris-Cl, pH 

8.5). 
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Sequencing of the mtCO1 amplified products 

The purified PCR products were subjected to cycle sequencing using Big Dye 

terminator Version 3.1 ready reaction mix and sequencing buffer (PE Applied 

Biosystem, Foster city, CA, USA). The reaction mixture was taken through 

thermocycling profile of initial denaturation at 95°C for 1 minute followed by 30 

cycles of denaturing at 95°C for 30 seconds, annealing at 50°C for 30 seconds, 

extension at 72°C for 2 minutes and final extension at 72°C for 10 minutes. 

The sequencing products were ethanol precipitated by protocol POP6 (ABI, USA) and 

were transferred to 1.5 ml microcentrifuge tubes containing 16 µl of distilled water 

and 64 µl of 100% (v/v) ice cold  ethanol. Tubes were kept at room temperature for 

15 minutes, and centrifuged at 14,000 rpm for 20 minutes. Supernatant was discarded 

and 200 µl of 70% (v/v) ethanol was added into the tubes. After thorough mixing, 

tubes were centrifuged at 14,000 rpm for 15 minutes. Supernatant was again discarded 

and pellet was resuspended in 20 µl of HDF (Hi-Di-Formamide) and the mixture was 

transferred to  0.5 ml septa tubes to be directly sequenced through Automated Genetic 

Analyzer ABI prism 310 (Applied Biosystem, USA).  

Sequence alignment 

Pairwise alignment of the sequences was done by Bioedit sequence alignment editor, 

version 6.0.7 (Thompson et al., 1994).  The sequences from both forward and reverse 

strands were complementary aligned to each other with manual corrections by eye. In 

this way all the 50 sequences data were compiled. The sequencing data were 

submitted to the GenBank and accession numbers are presented in the Tables 7 and 

11, against each isolate sequenced.The sequences were multiple aligned using 

Molecular Evolutionary Genetics Analysis program (MEGA), version 5.0 (Tamura et 

al., 2011) implementing clustalW sequence alignment program (Thompson et al., 

2004) and the ends were trimmed to 657bp in length for further analysis. 

PHYLOGENETIC ANALYSIS 

The phylogenetic inference includes 50 current sequences, 14  sequences of 

previously identified B.tabaci biotypes in Pakistan and other countries obtained from 

Gen bank (Table 4), consensus sequences of 24 genetic groups with their biotype  
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Table 4: Geographic origin, host and accession numbers of referenced 

B.tabaci mtCO1 gene sequences used in phylogenetic analyses 

Bemisia tabaci 

biotypes/ Host 

Geographic 

origin 

Accession no. Reference Represent genetic 

group 

Non B / cotton Pakistan AJ510060 Simon et al., 2003 Asia II 1 

B / cotton Pakistan AJ510071 Simon et al., 2003 
Middle East Asia 

Minor 1 

K /cotton Pakistan AF342778 Brown J K 2000 Asia 1 

K /cotton Pakistan AF164668 Simon et al., 2003 Asia1 

Non B/ 

Watermelon 
Nepal AF342779 

Viscarret et al., 

2003 
Asia II 1 

K/ cotton Pakistan AF342778 
Brown, and Idris, 

2005 
Asia 1 

non B/ Tomato China EU192048 
Dinsdale et al., 

2010 
Asia II 1 

non B/  N/A India JN855574 Singh et al., 2012 Asia II 1 

non B/cotton Pakistan 
AY057582(P

C92) 
Brown J K 2000 Asia II 1 

non B /brinjal Bangladesh AJ748399 Maruthi et al., 2007 Asia II 1 

K /  eggplant Pakistan AJ510061 Simon et al., 2003 Asia 1 

K / eggplant Pakistan AJ510069 Simon et al., 2003 Asia 1 

K /cotton Pakistan 
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Brown J K 2000 Asia 1 
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identifications from Dinsdale et al. (2010) and the sequence of Bemisia afer 

(GU220055) was used as the outgroup.  

The aligned nucleotide sequences were used in the Molecular Evolutionary Genetics 

Analysis program (MEGA), version 5.0 (Tamura et al., 2011) to obtain the best-fit 

ML model parameters, Pairwise distance estimation, maximum-likelihood (ML) and 

maximum parsimony (MP) phylogenetic trees. 

Nucleotide substitution model selection 

The best-fit substitution model of evolution was determined by the Likelihood Ratio 

Test applying 24 different substitution models using MEGA, version 5.0 (Tamura et 

al., 2011). Appropriate parameters were then applied during phylogenetic analyses. 

Distance method 

Pairwise divergence between sequences was estimated using the maximum 

composite-likelihood model. The rate variation among sites was modeled with a 

gamma distribution.  All positions containing gaps and missing data were eliminated.  

Maximum-likelihood 

 All ML phylogenetic analyses were carried out using an initial distance-based 

starting tree (BIONJ), applying selected substitution models and parameters and with 

gaps being treated as missing data. Node support was assessed using bootstrap 

analysis with 1000 replicates to estimate the significance of the generated tree. 

Maximum parsimony 

All MP phylogenetic analyses were carried out with heuristic searching, TBR branch 

swapping, and random sequence addition with 10 repeats. Node support for MP trees 

was assessed using 1000 bootstraps replicates to evaluate the significance of the 

generated tree. 
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RESULTS 

FIELD SURVEY FOR BEMISA TABACI AND CLCuD 

The survey for B.tabaci sample collection and observation of virus incidence was 

carried out during the cotton cropping season of 2007-2008 and 2008-2009.In the 

Punjab a total of 33 locations of 11 districts whereas in Sindh 7 locations of 7 

districts were used. Two samples from each location were used for genetic analysis. 

Bemisia tabaci populations were sampled from cotton fields showing cotton leaf curl 

virus (CLCuV) infection as the cotton plants showed the symptoms of downward 

curling of the leaf margins, small and main vein thickening and enation on the 

underside of the leaf. In the Punjab during 2007-2008, the CLCuV was recorded with 

a range of 45-80% however in Sindh it was 35-60%. The highest cotton leaf curl 

disease (CLCuD) incidence of 80% was observed in Khanewal, and Vehari in the 

Punjab and lowest incidence of 35% was observed in Nowsheroferoz, Sindh. During 

the 2008-2009, the CLCuV was estimated with a range of 45-85% in the Punjab 

whereas 40-65% in Sindh.  This survey showed that the highest CLCuD incidence of 

85% was observed in RahimYaar Khan, the Punjab and lowest incidence of 40% was 

observed in MirPur Khas and Hyderabad in Sindh. The 100% prevalence was 

observed on the basis of typical begomovirus symptoms, both the years in the Punjab 

and Sindh, Pakistan. 

DNA EXTRACTION 

In preliminary experiments, the DNA was isolated with both Frohlich et al. (1999) 

and its modified method. Both methods were successfully tested for RAPD-PCR 

amplification. The modified method was simple, efficient and did not require multiple 

tube transfers. The purity and quality of this isolated DNA was further validated by 

mitochondrial cytochrome oxidase I gene amplification. All the samples DNA used in 

this study were isolated using modified method due to its swiftness and reliability. 

RAPD-PCR was used to identify the biotypes and genetic variability among the 

Bemisia populations collected from 2007 to 2009. The RAPD banding patterns 

produced considerable polymorphism in all the individuals analyzed from all 

populations. Every individual analyzed was of a different haplo-type, as defined by 

the presence or absence of the RAPD-PCR polymorphic bands, although some 
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differed by only a few fragments. Among the 25 decamer oligonucleotide primers, 10 

were screened. There were 3 primers that did not amplify the DNA in some of the 

samples, 8 primers resulted in weak bands and 4 primers gave monomorphic banding 

patterns hence they were eliminated from the analysis. Each of the remaining 10 

primers gave clear, variable and reproducible bands. Represented samples of B 

biotype (B-1) and a non B biotype (A-11) were included in each reaction set as an 

identification control.  

RAPD POLYMORPHISM 2007-2008: 

A total of 151 scorable amplification products were generated by 82 samples in 2007 

analysis. The number of amplification products generated by each primer varied from 

9 (OPA-11) to 23 (OPO-06) with an average of 15 bands per primer. The size of 

amplified fragments ranged from 200bp to 3000bp. A total of 117 (77%) polymorphic 

bands were observed ranging from 6 to 20 fragments per primer. The average number 

of polymorphic fragments per primer among them was 11.7. The primers OPO-06 

provided the highest number of polymorphic fragments (20) while the minimum 

number of polymorphic bands (6) was observed in OPA-11 primer (Table 5). The 

study showed that the primer OPA-04 gave the unique and unambiguous DNA 

profiles that clearly distinguished biotype B from indigenous non B individuals 

(Figure 5). The banding pattern of reference population B-1 (B biotype) and samples 

SdMk07-1 (lane 73) and SdMk07-2 (lane 74) were identical and produced two 

polymorphic fragments of 150 bp and 450 bp. The RAPD products of all the other 

samples were similar to the indigenous A-11 (non B biotype) and produced 490 bp 

and 1250 bp size unique products (Figure 5). The B.tabaci collected from different 

areas of the same district exhibited similar banding patterns demonstrates that they 

genetically resemble each other. A high level of diversity was found within the 

populations of the B and indigenous non B biotypes when the OPO-06 and OPB-13 

were used. The OPO-06 gave 87% and OPB-13 gave 83% polymorphism within 

populations without discriminating between biotypes. 

A similarity matrix based on the proportion of shared RAPD fragments was used to 

establish the level of relatedness among populations of B.tabaci. Pair-wise estimates 

of similarity ranged from 0.25 to 0.88 (Table 6). The A-11 (non B biotype) and 

http://www.ejbiotechnology.info/content/fbpe/img/ejb/v15n6/a05/f1.html
http://www.ejbiotechnology.info/content/fbpe/img/ejb/v15n6/a05/f1.html
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PjMu07-6 were the closest genotype with the highest similarity index of 88%. This 

was followed by 83% similarity between B-1 (B biotype) and SdMk07-2.  

Table 5: Primers used for generating RAPD profiles in B.tabaci during 2007. 

SI. Primer’s Sequence Amplified Polymorphic Percent Fragment 

1 OPA-04 AATCGGGCTG 11 8 73 300-2800 

2 OPA-09 GGGTAACGCC 13 10 77 350-2300 

3 OPA-11 CAATCGCCGT 9 6 67 500-3000 

4 OPB-13 TTCCCCCGCT 18 15 83 250-2500 

5 OPC-01 TTCGAGCCAG 15 12 80 200-1500 

6 OPC-04 CCGCATCTAC 12 9 75 250-2000 

7 OPC-10 TGTCTGGGTG 12 10 83 200-1500 

8 OPC-15 GACGGATCAG 18 13 72 300-1500 

9 OPO-06 CCACGGGAAG 23 20 87 250-1800 

10 OPO-18 CTCGCTATCC 20 14 70 250-2300 

Total 151 117 
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Figure 5: RAPD banding profiles of 80 B.tabaci of Pakistan with reference 

populations, A-11 (indigenous non B) and B-1 (B biotype).  

The reference population B-1 (B biotype) and samples SdMk07-1 (lane 

73) and SdMk07-2 (lane 74) produced two polymorphic fragments of 150

bp and 450 bp. The RAPD products of all the other samples were similar 

to the indigenous A-11 (non B biotype) and produced 490 bp and 1250 bp 

size unique products with primer OPA-04. The lanes abbreviation is 

described as in Table 1. 
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The lowest level of similarity at, 25% was obtained between SdMk07-01 and PjBp07-

04. Among the Punjab B.tabaci populations, similarity coefficients had ranged from

0.32 to 0.75 whereas Sindh B.tabaci populations from 0.30 to 0.72 excluding the 

controls A-11 and B-1. This shows that the range of similarity coefficients across both 

provinces has little variation. The similarity coefficients among B biotype had ranged 

from 0.42 to 0.83 with an average of 0.57 whereas non B biotype showed similarity 

coefficients from 0.26 to 0.88 with an average of 0.62 (Table 6). The level of 

similarity among biotypes of B.tabaci population was high whereas between the 

biotypes samples appeared to be less closely related in 2007-2008 population analysis. 

A dendrogram was constructed based on Nei and Li’s similarity coefficients using 

UPGMA. The 82 B.tabaci populations were grouped into 2 main clusters I and II 

corresponding to non B and B biotypes respectively (Figure 6). The first major cluster 

consists of the Punjab and Sindh populations with reference non B biotype (A-11) 

B.tabaci. This cluster is further divided into two clear subclusters. The first subcluster 

had placed most of the non B Biotype the Punjab populations. This subcluster showed 

that populations from the same districts are grouped together for example most of the 

populations of Khanewal, RahimYaar Khan and Vehari districts were set together.  

The second subcluster contained all non B biotype populations of both the Punjab and 

Sindh provinces. Geographically this is a more diverse group with populations from 

different locations being clustered as one. In this case, populations from the same 

district formed different groups unlike the first subgroup. It is observed that the 

samples from Sanghar (SdSg07-1, SdSg07-2), TandoAllahYaar (SdTa07-1) and 

Pakpatan (PjPa07-6) grouped together in this cluster. The second minor cluster 

includes only two populations (SdMk07-1 and SdMk07-2), both from MirPur khas 

district (Sindh) grouped with B biotype standard population which suggests that B 

biotype populations formed a separate cluster. Thus the B biotype was observed only 

in Sindh whereas the non B biotype was observed in the Punjab as well as Sindh 

Province.  
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Figure 6:  UPGMA based dendrogram derived from RAPD analysis of 82 

Bemisia populations of 2007.  

Bemisia populations were grouped into 2 main clusters I and II 

corresponding to non B and B biotypes respectively. 
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This analysis showed that the vast majority of the population was non B biotype in 

most of the Sindh and the Punjab province while B biotype was not present in most of 

the Sindh and the Punjab province, even in the areas where the B biotype was 

previously reported (Hameed et al., 1996; Simon et al., 2003). If this analysis is 

evaluated according to Dinsdale nomenclature (Dinsdale et al.,  2010), the B biotype 

is Middle East Asia Minor 1 and non B biotype is Asia II 1, and it shows that Asia II 

1 is more diverse and significantly present in both the provinces whereas MEAM 1 is 

observed to few locations in Sindh during 2007-2008. 

MITOCHONDRIAL CYTOCHROME OXIDASE I GENE ANALYSIS, 2007-

2008 

The partial mitochondrial cytochrome oxidase I (mtCO1) gene nucleotide sequence 

was determined for a total of 25 populations selected from the subgroups obtained in 

RAPD dendrogram 2007 (Figure 6). The mtCO1 samples selected for this analysis are 

given in Table 7. The mtCO1 gene of these B.tabaci populations as amplified by 

primers C1-J-2195 and L2-N-3014 and products of ~830 bp were observed (Figure 7). 

Dinsdale et al., 2010 constructed consensus sequences were used as a standard against 

unknown sequences. Some previously identified B.tabaci biotypes/genetic group from 

Pakistan and neighboring countries (India, Bangladesh, Nepal and China) were also 

included in the analysis.  

Phylogenetic analyses conducted by maximum-likelihood (ML) and maximum 

parsimony (MP) methods yielded almost identical phylogenetic reconstructions of 

trees that separated whiteflies based on biotypes. The tree clearly reveals the 

relationships between the Asian standard sequences and Pakistani population 

sequences used in this study. A separate phylogenetic analysis was carried out using 

maximum parsimony after excluding the non-Asian members of the complex. 

The best-fit ML model for the mtCO1dataset was found to be a HKY (Hasegawa-

Kishino-Yano model), including Gamma distribution (+G) with assuming that a 

certain fraction of sites are evolutionarily invariable (+I).  The mean frequencies of 

nucleotide usage were A 0.267; T 0.367; C 0.144; G 0.223. The analysis involved 61 

nucleotide sequences. All positions containing gaps and missing data were eliminated. 
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Table 7: List of samples selected from RAPD analysis for mtCO1 gene sequencing 

with their biotype, genetic group and accession numbers. 

Sr. no Population Place Biotype 
Genetic 

group 

Accession 

numbers 

1 PjFd07-1 Faisalabad Non B Asia II 1   KF751528 

2 PjJh07-3 Jhang " "   KF751529 

3 PjKw07-5 Khanewal " "   KF751530 

4 PjKw07-10 Khanewal " "   KF751531 

5 PjMu07-2 Multan " "   KF751532 

6 PjMu07-5 Multan " "   KF751533 

7 PjLd07-2 Lodhran " "   KF751534 

8 PjBp07-3 Bahawalpur " "   KF751535 

9 PjBp07-8 Bahawalpur " "   KF751536 

10 PjRy07-1 RahimYaar khan " "   KF751537 

11 PjRy07-5 Rahim yaar Khan " "   KF751538 

12 PjVi07-2 Vehari " "   KF751539 

13 PjVi07-8 Vehari " " KF977870 

14 PjBn07-2 Bahawalnagar " " KF751540 

15 PjPa07-2 Pakpatan " " KF751541 

16 PjPa07-6 Pakpatan " " KF751542 

17 PjSh07-3 Sahiwal " " KF751543 

18 SdNs07-2 Nawabshah " " KF751544 

19 SdSg07-1 Sanghar " " KF751545 

20 SdTa07-1 Tando AllahYaar " " KF751546 

21 SdHd07-2 Hyderabad " " KF751547 

22 SdKh07-1 Khairpur " " KF751548 

23 SdNf07-2 Nowsheroferoz " " KF751549 

24 SdMk07-1 MirPur Khas B MEAM 1 KF977871 

25 SdMk07-2 MirPur Khas " " KF751550 
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Figure 7: A ~830 bpmtCO1 gene product was obtained using primers C1-J-

2195and L2-N-3014  

Please refer to Table 7 for nomenclature of the samples. 
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Phylogenetic analysis using ML reconstructed tree by applying selected substitution 

models and parameters, Pakistani B.tabaci into two clusters (Figure 8).  Clusters I was 

diverse and having 23 samples both from both the Punjab and Sindh provinces. 

Cluster II contained 2 samples from MirPur Khas, Sindh only.  The Bemisia afer 

(GU220055) formed the out group and was clustered at the bottom of the tree. The 

Dinsdale et al. (2010) analysis suggested that Asian populations composed of nine 

main clusters. These nine clusters indicate the biotypes of B.tabaci reported from 

different countries. The nine clusters composed of Asia 1; K, P, ZHJ2 biotypes, Asia 

II 1; H, M, NA, non B biotypes, Asia II 2; ZHJ1 biotype, Asia II 3, Asia II 4, Asia II 

5; G biotype, Asia II 6, Asia II 7; Cv, Asia II 8.  

The 23 samples genetically grouped with Asia II 1 however 2 populations fall with 

Middle East Asia Minor 1(B, B2 biotypes). The Asia II 1 included B.tabaci from 

Nepal, Bangladesh, India, and China and along with previously Pakistani populations 

studied. The Asia II 1 cluster shared a strong bootstrap support of 99%. The Asia II 1 

diversified group having Indigenous B.tabaci populations from all surveyed 11 

districts of the Punjab: Faisalabad (PjFd07-l), Jhang (PjJh07-3), Khanewal (PjKw07-

5, PjKw07-10), Multan (PjMu07-2, PjMu07-5),Lodhran (PjLd07-2), Bahawalpur 

(PjBp07-3 ,PjBp07-8), RaheemYaar Khan (PjRy07-1, PjRy07-5), Vehari (PjVi07-2, 

PjVi07-8), Bahawalnagar (PjBn07-2), Pakpatan  (PjPa07-2 ,PjPa07-6)Sahiwal 

(PjSh07-3) and 6 out of 7 district populations  of Sindh province fall in this cluster 

Nawabshah  (SdNs07-2 ), Sanghar (SdSg07-1), Tando AllahYaar (SdTa07-1) 

Hyderbad (SdHd07-2) Khairpur (SdKh07-1),Nowsheroferoz (SdNf07-2). This cluster 

showed a close relationship with neighboring countries isolates Bangladesh 

(AJ748399), Nepal (AF342779), India (JN855574), China (EU192048) and 

previously Pakistani populations (PC92, AJ510060).  

The Asia II 1 cluster was studied as a separate subtree (Figure 9), it showed further 

bifurcation into low supported subgroups (62%). The first subgroup A showed 

Pakistani populations relationship with the China, India and previously described 

Pakistani B.tabaci whereas the subgroup B clustered Pakistani populations with Nepal 

and Bangladesh B.tabaci. There was no geographical correlation found between these 

subs grouping of Pakistani populations. 
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The B biotype of Bemisia tabaci has spread globally from its origin Middle East-Asia 

Minor region to at least 54 countries and it is not restricted to any particular 

geographical region (De Barro et al., 2011). It is reported that B biotypes from all 

over the world clustered together in Middle East Asia Minor 1 (MEAM 1) group 

(Dinsdale et al., 2010). Only 2 out of 25 samples studied fall with MEAM 1 group 

with 96% significant bootstrap support (Figure 8). The MEAM 1 is a minor cluster 

composed of MirPur Khas, Sindh populations (SdMk07-1 and SdMk07-2) and 

previously identified B biotype from Pakistan. MEAM 1 has been previously recorded 

from most of the Sindh (Simon et al., 2003) on cotton and other hosts as well. This 

analysis showed that during 2007 the shift in dominance from MEAM 1(B biotype) to 

Asia II 1 (H, M, non B) in the cotton growing areas of Sindh province is apparent and 

MEAM 1 remains constrained to few locations. It is interesting that RAPD and 

phylogenetic analysis supported the clustering of SdMk07-1 and SdMk07-2, with 

MEAM 1 genetic group. 

In the current study, none of the Pakistani B.tabaci populations grouped with Asia 1 

(K biotype) and Mediterranean (Q-biotype) (Figure 8). Previously, K biotype / Asia 1 

have been detected on cotton (AY057583), eggplant the Punjab (AJ510061) and 

eggplant Sindh (AJ510069) in Pakistan. These results were further confirmed by 

general BLAST search for each sequence, which did not match with K or Q-biotype 

sequences.   

The phylogenetic analysis was performed using maximum parsimony for the Asian 

subgroups (Asia 1, Asia II 1, Asia II 5 and MEAM 1) only (Figure 10). There were a 

total of 575 positions in the final dataset, out of which 125 were parsimony 

informative. The respective group reference populations from the Table 4 and 

consensus sequence included in this analysis.  All the four clusters; Asia 1, Asia II 1, 

Asia II 5 and MEAM 1 shared strong bootstrap score of 100% with their respective 

samples. The Asia II 1 showed the same bifurcation of samples into subgroup A and 

subgroup B as in ML (Figure 8). However this divergence received high support 

(81%) in the MP tree as compared to ML tree (Figure 8) with low support (62%).  
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Figure 8: A rooted phylogenetic tree constructed by maximum likelihood of 

B.tabaci mtCO1nucleotide sequences.  

Pakistani B.tabaci sequences clustered with Asia II1 and MEAM 1 genetic 

groups with high bootstrap support of 99% and 96 % respectively. 

Abbreviations are as described in Table 7. 
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Figure 8:  A rooted phylogenetic tree constructed by maximum likelihood of 

B.tabaci mtCO1nucleotide sequences. 

Pakistani B.tabaci sequences clustered with Asia II1 and MEAM 1 

genetic groups with high bootstrap support of 99% and 96 % 

respectively. Bemisia afer (GU220055) is used as an outgroup sequence. 

 Abbreviations are as described in Table 7. 
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Figure 9:  Bifurcation of Asia II 1 cluster into subgroup A and subgroup B. 

          Abbreviations are as described in Table 7. 
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Figure 10:    Phylogenetic relationships within Pakistani B.tabaci and Asia II1, 

Asia 1, Asia II 5, MEAM 1, based on a Maximum Parsimony of the 

mtCO1 nucleotide sequences. 

Number at nodes indicates bootstrap scores using 1000 replicates. 

Abbreviations areas described in Table 7. 
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Genetic distances among the Asia II 1, Asia 1, Asia II 5 and MEAM 1 B.tabaci 

genetic groups ranged from 0.00 to 0.30 (Table 8). Asia II 1 showed closed 

relationship with Asia II 5 with a similarity range of 86-88% than Asia 1 (73-76%) 

and MEAM 1(70-72%). Within Asia II 1 a bifurcation into subgroup A and subgroup 

B had been observed same as observed in Maximum Parsimony analysis. The 

populations of subgroup A (includes Jhang (PjJh07-3), Khanewal (PjKw07-5), 

Multan (PjMu07-2), Bahawalpur (PjBp07-3), RahimYaar Khan (PjRy07-5), Vehari 

(PjVi07-2), Bahawalnagar (PjBn07-2),Sahiwal (PjSh07-3) from the Punjab and 

Sanghar (SdSg07-1), Tando AllahYaar (SdTa07-1),  Hyderabad (SdHd07-2), 

Khairpur (SdKh07-1) from Sindh were 100% identical with each other and with the 

control reference sequences from India, China and previous Pakistani reported 

sequences present in this subgroup.  

The subgroup B samples includes Faisalabad(PjFd07-l), Khanewal (PjKw07-10), 

Multan (PjMu07-5), Lodhran (PjLd07-2), Bahawalpur (PjBp07-8), RahimYaar Khan 

(PjRy07-1), Vehari (PjVi07-8), Pakpatan  (PjPa07-2,PjPa07-6) from the Punjab and  

Nawabshah  (SdNs07-2 ), Nowsheroferoz (SdNf07-2) from Sindh again 100% 

identical with each other and with reference  populations of Bangladesh and Nepal 

(Table 8). This reveals that the Punjab and Sindh Asia II 1 populations are 100% 

similar within a subgroup and the Asia II 1 populations across both provinces are 

same. The subgroup A members are 99% similar to subgroup B members. This 1% 

bifurcation between the subgroups is irrespective of geographical origin.  

To determine the situation of Pakistani population among these subgroups the 

predicted amino acids were compared with the equivalent protein of other Asia II 1 

populations. The main purpose of this analysis is to estimate the similarity among the 

deduced sequences of amino acid. This comparison showed a close relationship of the 

subgroup A along with India, China and previous Pakistani sequences, in the same 

way, subgroup B showed a close association with Bangladesh and Nepal. When 

amino acid deduced sequences of subgroup A compared with subgroup B, it clearly 

showed amino acid differences at four positions figure (Figure 11). All subgroup A 

samples had Valine (V) whereas all sub group B samples had Glycine (G) at the same 

position. Similarly Threonine (T) in subgroup A changed to methionine (M) in 

subgroup B, Serine (S) to Leucine (L) and Serine (S) to Phenylalanine (F). 

Apparently, change in amino acids showed the variation at the protein level.  

http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0016061#pone-0016061-t002
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The phylogenetic analysis carried out by ML and MP from mtCO1 sequences clearly 

indicates the presence of Asia II 1 and MEAM 1 in the Punjab and Sindh which falls 

into independent clusters with reference sequences. Our results further discriminate 

the Asia II 1 population both at nucleotide and amino acid level giving a broader 

picture of the presence of B.tabaci genetic groups in the Punjab and Sindh. 
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Figure 11: Deduced aminoacid sequences of mtCO1 nucleotide sequences from Asia II 1. 

Asia II 1 sub group A deduced aminoacids showed change at four positions from subgroup B amino acids. 

a) Valine (V)  in subgroup A samples whereas all sub group B samples had Glycine (G)   b) Threonine (T) in subgroup A

changed to methionine (M) in subgroup B,  c) Serine (S) to Leucine (L)  d) Serine (S) to Phenylalanine (F). 

(Continued) 
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Subgroup B 
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 Figure 11: Deduced aminoacid sequences of mtCO1 nucleotide sequences from Asia II 1. 

Asia II 1 sub group A deduced aminoacids showed change at four positions from subgroup B amino acids. 

a) Valine (V)  in subgroup A samples whereas all sub group B samples had Glycine (G)   b) Threonine (T) in subgroup A

changed to methionine (M) in subgroup B,  c) Serine (S) to Leucine (L) d) Serine (S) to Phenylalanine (F). 
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RAPD POLYMORPHISM, 2008-2009 

A total of 152 scorable amplification products were generated across all B.tabaci 

samples during 2008-2009 RAPD profile analysis. Differences in banding pattern 

were reproducible for each sample and primer combinations. The number of 

amplification products generated by each primer varied from 9 (OPA-11) to 23 (OPC-

15) with an average of 15 bands per primer (Table 9). The size of amplified fragments

had ranged from 200bp to 3000bp same as in 2007 populations. A total of 120 (79%) 

polymorphic bands were observed ranging from 7 to 19 fragments per primer. The 

average number of polymorphic fragments per primer among them was 12.  

The primers OPC-15 provided the highest number of polymorphic fragments (23) 

while the minimum number of polymorphic bands (6) was observed in the OPA-11 

primer. The B.tabaci collected from different areas of the same district exhibited 

similar banding patterns demonstrates that they genetically resemble each other. A 

high level of banding pattern variations was found within B.tabaci populations when 

the OPC-15 (Figure 12) and OPB-13 were used. Both primers gave 83% 

polymorphism within populations without distinguishing the biotypes. The primer 

OPA-11 gave the least polymorphic bands i-e 65% (Figure 13). The B.tabaci 

collected from different areas of the same district exhibited similar banding patterns 

demonstrates that they genetically resemble each other.  

Similarity matrix based on RAPD profiles was used to reveal the extent of genetic 

variability among 2008 populations of B.tabaci. Pair-wise estimates of similarity 

ranged from 0.15 to 0.88 (Table 10). The closest genotype with the highest similarity 

index of 88% was estimated between PjLd08-01 (non B) and PjLd08-02 (non B); both 

populations are from Lodhran district, the Punjab. This was followed by 80% 

similarity between SdTa08-02 and SdTa08-01. These two populations were again 

indigenous non B biotype and from same district Tando Allah Yaar, Sindh Province. 

The lowest level of similarity at 13% between Sanghar (SdSg08-02) and RahimYaar 

khan (PjRy08-8), reference sample A-11(non B biotype) and Khanewal (PjKw08-6) 

respectively. This is followed by 14% was obtained between Sanghar (SdSg08-02) 

and Bahawalpur (PjBp08-4).  
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Table 9:  Primers used for generating RAPD profiles in B.tabaci during 2008. 

SI. Primer’s Sequence Amplified Polymorphic Percent Fragment 

1 OPA-04 AATCGGGCTG 12 9 75 300-2500 

2 OPA-09 GGGTAACGCC 13 9 69 350-2300 

3 OPA-11 CAATCGCCGT 9 6 65 500-3000 

4 OPB-13 TTCCCCCGCT 18 15 77 250-2500 

5 OPC-01 TTCGAGCCAG 16 12 83 200-2500 

6 OPC-04 CCGCATCTAC 11 7 64 250-2000 

7 OPC-10 TGTCTGGGTG 12 9 75 250-1500 

8 OPC-15 GACGGATCAG 23 19 83 300-1500 

9 OPO-06 CCACGGGAAG 20 15 75 250-1800 

10 OPO-18 CTCGCTATCC 18 13 72 250-2500 

Total 152 120 
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Figure 12:  RAPD patterns produced by the primer OPC-15 with DNA from 82 

samples of B.tabaci. 
Lane 81 is reference population A-11 for non B biotype and lane 82 is B-1 

reference population for B biotype. The lane M represents 1 Kb molecular 

size marker. The lanes abbreviations are described as in Table 2. 
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Figure 13: RAPD amplicons of 82 samples of B.tabaci obtained with primer 

OPA 11. 
Lane 81 is reference population A-11 for non B biotype and lane 82 is B-1 

reference population for B biotype. The lanes M represent 1 Kb molecular 

size marker. The lanes abbreviations are described as in Table 2. 
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Among the Punjab B.tabaci populations, similarity coefficients had ranged from 0.17 

to 0.88 whereas Sindh B.tabaci populations from 0.18 to 0.80 excluding the controls 

A-11 and B-1. This shows that the range of similarity coefficients across both 

provinces has diminutive variation. Interestingly, the PjKw08-10 haplotype collected 

from Khanewal, the Punjab showed least level of similarity with other population and 

relatively high similarity of 0.58 with MirPur Khas, Sindh haplotype SdMk08-2. The 

indigenous non B biotypes from both provinces showed similarity coefficients from 

0.16 to 0.88. This range of similarity coefficients showed that intrapopulation 

diversity was high at both the local and regional scales in 2008-2009 population 

analysis.  

A dendrogram was constructed using UPGMA amongst the 82 B.tabaci populations 

collected in 2008 to compare the extend of molecular variations occurred over one 

year time. Nonetheless similar clustering was observed. Populations were grouped 

into 2 main clusters I and II, that clearly separated B and non B biotypes, regardless of 

the geographical origin of the haplotypes (Figure 14). Unlike the last year analysis 

most of the B.tabaci populations originating from the same district did not form a 

well-defined sub cluster.  The first major cluster included the Punjab and Sindh 

B.tabaci populations grouped with non B biotype reference population, A-II.Two sub 

clusters observed in this major cluster. The sub cluster I included only the Punjab non 

B biotype B.tabaci. The populations of Khanewal and RahimYaar Khan, Vehari and 

Multan grouped together. The sub cluster II contained all non B biotype populations 

of both the Punjab and Sindh provinces. In this case, populations from the Punjab and 

Sindh grouped together unlike the sub cluster I and populations from different 

districts and provinces being clustered as one. Many of the the Punjab and Sindh 

haplotypes grouped together even in sub sub clusters for example PjKw08-10 from 

Khanewal, the Punjab and SdMk08-2 from MirPur Khas, Sindh (PjPa08-3 and 

SdHd08-1)set together (Figure 14). This group showed a slight increase in the genetic 

diversity within populations from both provinces as compared to last year analysis. 

The B biotype populations formed an independent third minor cluster which included 

only two Sindh populations (SdMk08-1 and SdHd08-2) with B-1 Reference 

populations of B biotype. During this RAPD analysis, B biotype/ MEAM 1 genetic 

group seems to be absent in the Punjab cotton areas. 
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          Figure 14: UPGMA based dendrogram derived from RAPD analysis of 82 

Bemisia populations of 2008.  

Bemisia populations were grouped into 2 main clusters I and II 

corresponding to non B and B biotypes respectively. 
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MITOCHONDRIAL CYTOCHROME OXIDASE I GENE, 2008-2009 

Mitochondrial cytochrome oxidase I gene of different B.tabaci populations was 

amplified by primers C1-J-2195 and L2-N-3014 and a product of ~830 bp was 

observed. The partial mtCO1 nucleotide sequence was determined for total 25 

populations selected from the subgroups obtained in RAPD dendrogram 2008 (Figure 

12). The selected 25 samples from all districts of the Punjab and Sindh are described 

in Table 11. Dinsdale et al. (2010) constructed consensus sequences, some previously 

identified B.tabaci groups/biotypes from Pakistan and its neighboring countries 

(India, Bangladesh, Nepal and China) were included in the analysis. Phylogenetic 

analyses conducted by maximum-likelihood (ML) and maximum parsimony (MP) 

methods yielded almost identical phylogenetic reconstructions of trees that separated 

whiteflies based on biotypes. The tree clearly reveals the relationships between the 

Asian standard sequences and Pakistani population sequences used in this study 

(Figure 15). A separate phylogenetic analysis was carried out using maximum 

parsimony after excluding the non-Asian members of the complex. 

The best-fit ML model for the mtCO1dataset was found to be a HKY, including 

Gamma distribution (+G) with assuming that a certain fraction of sites are 

evolutionarily invariable (+I).  The mean frequencies of nucleotide usage were A 

0.267; T 0.368; C 0.143; G 0.223. The analysis involved 61 nucleotide sequences. All 

positions containing gaps and missing data were eliminated. Phylogenetic analysis 

using ML reconstructed tree by applying selected substitution models and parameters 

had grouped Pakistani B.tabaci into three clusters.  Clusters I was diverse and 

contained populations from both the Punjab and Sindh provinces with non B Asia II 1 

group. Cluster II populations grouped with G biotype, which is a introduction of a 

new biotype in Pakistan. Cluster III contained samples from MirPur Khas and 

Hyderabad, Sindh only.  The Bemisia afer (GU220055) formed the out group and was 

clustered at the bottom of the tree (Figure 15).  

The Dinsdale et al. (2010) analysis suggested that Asian populations composed of 

nine main clusters. These nine clusters indicate the biotypes of B.tabaci reported from 

different countries. The nine clusters composed of Asia 1; K, P, ZHJ2 biotypes, Asia 

II 1; H, M, NA, non B biotypes, Asia II 2; ZHJ1 biotype, Asia II 3, Asia II 4, Asia II 

5; G biotype, Asia II 6, Asia II 7; Cv, Asia II 8.  
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Table 11: List of samples selected from RAPD analysis 2008 -2009 for mtCO1 gene 

sequencing with their biotype, genetic group and accession numbers. 

Sr. no Population Place Biotype 
Genetic 

group 

Accession 

numbers 

1 PjFd08-1 Faisalabad Non B Asia II 1 KF751551 

2 PjJh08-1 Jhang " " KF751552 

3 PjKw08-5 Khanewal " " KF751553 

4 PjKw08-9 Khanewal " " KF751554 

5 PjMu08-3 Multan " " KF977872 

6 PjMu08-6 Multan " " KF751555 

7 PjLd08-1 Lodhran " " KF751556 

8 PjBp08-3 Bahawalpur " " KF751557 

9 PjBp08-8 Bahawalpur " " KF751558 

10 PjRy08-2 RahimYaar khan " " KF751559 

11 PjRy08-6 Rahim yaar Khan " " KF751560 

12 PjVi08-3 Vehari " " KF751561 

13 PjVi08-8 Vehari " " KF751562 

14 PjBn08-4 Bahawalnagar " " KF751563 

15 PjPa08-1 Pakpatan G Asia II 5 KF751564 

16 PjPa08-2 Pakpatan G " KF751565 

17 PjSh08-1 Sahiwal Non B Asia II 5 KF751566 

18 PjSh08-6 Sahiwal " " KF751567 

19 SdNs08-2 Nawabshah " " KF751568 

20 SdSg08-2 Sanghar " " KF751569 

21 SdTa08-2 Tando AllahYaar " " KF751570 

22 SdHd08-2 Hyderabad B MEAM 1 KF751571 

23 SdKh08-1 Khairpur G Asia II 5 KF751572 

24 SdNf08-2 Nowsheroferoz Non B Asia II 1 KF977872 

25 SdMk07-1 Mir PurKhas B MEAM 1 KF751573 
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Figure 15: A rooted phylogenetic tree constructed by maximum likelihood of 

  B.tabaci mtCO1 nucleotide sequences of 2008-2009. 

Pakistani B.tabaci sequences clustered with Asia II1, Asia II 5 and    

MEAM 1 genetic groups with strong bootstrap support of 99%, 99% and 

95 % respectively. Abbreviations are as described in Table 11. 

(Continued) 
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Figure 15: A rooted phylogenetic tree constructed by maximum likelihood of 

B.tabaci mtCO1 nucleotide sequences of 2008-2009. 

Pakistani B.tabaci sequences clustered with Asia II1, Asia II 5 and MEAM 

1 genetic groups with strong bootstrap support of 99%, 99% and 95 %  

respectively. Bemisia afer (GU220055) is used as an outgroup sequence.  

Abbreviations are as described in Table 11. 
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Out of 25 samples studied 20 grouped with Asia II1 (Figure 15). The Asia II 1 

included B.tabaci from Nepal, Bangladesh, India, and China along with previously 

Pakistani populations studied. The Asia II 1 cluster shared a strong bootstrap support 

of 99%. The Asia II 1 diversified group having B.tabaci populations from most of the 

surveyed 10 districts of the Punjab: Faisalabad (PjFd08-l), Jhang (PjJh08-1), 

Khanewal (PjKw08-5, PjKw08-9), Multan (PjMu08-3, PjMu08-6),Lodhran (PjLd08-

1), Bahawalpur (PjBp08-3 ,PjBp08-8), RaheemYaar Khan (PjRy08-2, PjRy08-6), 

Vehari (PjVi08-3, PjVi08-8), Bahawalnagar (PjBn08-4), Sahiwal (PjSh07-6) and 4 

out of 7 district populations  of Sindh province fall in this cluster; Nawabshah  

(SdNs07-2 ), Sanghar (SdSg07-1), TandoAllahYaar (SdTa07-1),Nowsheroferoz 

(SdNf07-2). This cluster showed a close relationship with neighboring countries 

isolates Bangladesh (AJ748399), Nepal , (AF342779), India (JN855574), China 

(EU192048) and previously Pakistani populations (PC92, AJ510060).  

When the Asia II 1 cluster was studied as a separate subtree it showed further 

bifurcation into low supported (65%) subclusters but more than in 2007 (Figure 16). 

The subgroup A of Asia II 1 showed similar relationship between Pakistani 

populations and the China, India and previously described Pakistani B.tabaci whereas 

the subgroup B revealed closeness among Pakistani, Nepal and Bangladesh whitefly.  

The G biotype is previously reported in Bangladesh (AJ748391) and India 

(AJ748376, AF418666). The G biotype cluster named Asia II 5 in Dinsdale et al, 

2010 grouping. Three of the Pakistani populations grouped with Asia II 5 (G biotype) 

shared a high bootstrap support at 99%. (Figure 15)  This cluster composed of two 

populations from Pakpatan, the Punjab (Pjpa08-1, PjPa08-2) and one population from 

Khairpur, Sindh (SdKh08-1) showed a close relationship with Indian and Bangladeshi 

populations (Figure 16). This Asia II 5 or G biotype is not observed on any host in 

Pakistan earlier. This analysis provides first evidence of presence of G biotype on 

cotton plants in the Punjab and Sindh Province. 
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Figure 16: The clusters of Asia II 1 and Asia II 5 constructed from maximum 

likelihood analysis of Pakistani B.tabaci populations with 

reference sequences. 

a) Asia II 1 is bifurcated into subgroup A and subgroup B. b) Asia II 5

genetic group shared a high bootstrap score of 99% among Pakistani 

B.tabaci and previously identified samples from India and 

Bangladesh. 
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The B biotypes from all over the world clustered together in Middle East Asia Minor 

1 (MEAM 1) grouped globally spread to at least 54 countries (Dinsdale et al., 2010). 

Only 2 out of 25 samples studied fall with MEAM 1 group with 99% strong bootstrap 

support (Figure 15). The MEAM 1 is a minor cluster composed of MirPur Khas 

(SdMk08-1) and Hyderabad (SdHd08-2) and previously identified B biotype from 

Pakistan. MEAM 1 has spread globally and not restricted to any particular 

geographical region (De Barro et al., 2011). This analysis clearly showed that the 

spread of Pakistani MEAM 1 in Sindh halted on cotton plants.  

In the current study, none of the Pakistani B.tabaci populations grouped with Asia 1 

(K biotype) consensus sequence and previously detected Asia I in Pakistan on cotton 

(AY057583), eggplant the Punjab (AJ510061) and eggplant Sindh (AJ510069). Asia I 

may be present on hosts other than cotton. 

The phylogenetic analysis was performed using maximum parsimony for the Asian 

subgroups (Asia 1, Asia II 1, Asia II 5 and MEAM 1) only (Figure 17). There were a 

total of 575 positions in the final dataset, out of which 128 were parsimony 

informative. The respective group reference populations from the Table 4 and 

consensus sequence included in this analysis.  All the four clusters; Asia 1, Asia II 1, 

Asia II 5 and MEAM 1 shared strong bootstrap score of 100% with their respective 

samples. The Asia II 1 showed the same bifurcation of samples as in ML (Figure 15). 

However this analysis received very strong support (96%) in the MP tree as compared 

to ML tree with low support (65%). 
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Figure 17: Phylogenetic relationships within Pakistani B.tabaci and Asia II 1, 

Asia 1, Asia II 5, MEAM 1, based on a Maximum Parsimony of the 

mtCO1 nucleotide sequences. 

Number at nodes indicates bootstrap scores using 1000

replicates. Abbreviations are as described in Table 7. 
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 SdMk08-1

 SdHd08-2

 Middle East-Asia Minor 1

MEAM 1( B, B2 biotypes)

 Asia I

 AY057583(pc95)

 AJ510069Pak

 AF342778Pak

 AJ510061Pak

Asia 1( K, P, ZHJ2)

 GU220055

100

100

100

91

96

100

Subgroup A 

Subgroup B 
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Genetic distances among the Asia II 1, Asia 1, Asia II 5 and MEAM 1 B.tabaci 

genetic groups ranged from 0.00 to 0.30 (Table 12). Within Asia II 1the same 

bifurcation is estimated with measuring pair wise genetic distances within and 

between the subgroups (Figure 16). The subgroup A was flanked by same 1% 

divergence with subgroup B as observed in last year populations. This subgrouping of 

Asia II 1 without geographical correlation is appealing. The populations of subgroup 

A; Faisalabad (PjFd08-l), Khanewal (PjKw08-9), Bahawalpur (PjBp08-3), 

RahimYaar Khan (PjRy08-2, PjRy08-6), Vehari (PjVi08-3, PjVi07-8) Bahawalnagar 

(PjBn08-4) from the Punjab and Nawabshah  (SdNs07-2 ),  TandoAllahYaar 

(SdTa07-1), Nowsheroferoz (SdNf07-2)  from Sindh were 100% identical with each 

other and with the control reference sequences from India, China and previous 

Pakistani reported sequences present in this subgroup. The subgroup B samples 

includes Jhang (PjJh08-1), Khanewal (PjKw08-5), Multan (PjMu08-3, PjMu08-6), 

Lodhran (PjLd08-1), Bahawalpur (PjBp08-8), Sahiwal (PjSh07-6) and Sanghar 

(SdSg07-1) from Sindh again 100% identical with each other and with reference 

populations of Bangladesh and Nepal. This showed that the Punjab and Sindh Asia II 

1 populations are 100% similar within a subgroup and the Asia II 1 populations across 

both provinces are same as they were last year. The subgroup A members are 99% 

similar to subgroup B members. It is suggested that sub group B seems to be evolved 

from subgroup A since the previous identified Pakistani population of Asia II 1 

clustered with subgroup A and not with subgroup B. The Asia II 1 appears to be 

genetically close to Asia II 5 with a similarity range of 86-88% than Asia 1 (73-76%) 

and MEAM 1 (70-72%).   

The difference among the subgroups were determined by comparing the predicted 

amino acids with the equivalent protein of other Asia II 1 populations The main 

purpose of this analysis is to estimate the similarity or differences among the deduced 

sequences of amino acid. This comparison showed a close relationship of the 

subgroup A along with India, China and previous Pakistani sequences. In the same 

way, subgroup B showed a close association with Bangladesh and Nepal. When 

amino acid deduced sequences of sub group A compared with sub group B, it clearly 

showed amino acid differences at four positions (Figure 18). All subgroup A samples 

had Valine (V) whereas all sub group B samples had Glycine (G) at the same position. 

http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0016061#pone-0016061-t002
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Similarly Threonine (T), Serine (S) and Serine (S) in subgroup A changed to 

methionine (M), Leucine (L) and   Phenylalanine (F) in subgroup B at the same sites.  

During 2008-2009, the phylogenetic analysis carried out by ML and MP from mtCO1 

sequences clearly indicates the presence of Asia II 1 and Asia II 5 in the Punjab and 

Sindh which falls into independent clusters with reference sequences while MEAM 1 

observed in Sindh province only. The Asia II 5 B.tabaci from Pakistan showed 99% 

nucleotide identity to Indian and Bangladeshi reference populations. The presence of 

Asia II 5 in cotton growing areas of both provinces and phylogenetically its close 

relationship with India and Bangladesh is intriguing. The Asia II 1 subgroups had 

revealed a strong relationship among them at both nucleotide and amino acid levels. 

The incidence of CLCuV has increased in the last few years and dominance of Asia II 

1 in cotton growing areas of the Punjab and Sindh showed that Asia II 1 is associated 

with CLCuD.  
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Figure 18:  Deduced aminoacid sequences of mtCO1 nucleotide sequences from Asia II 1, 2008-2009 

  Asia II 1 sub group A deduced aminoacids showed change at four positions from subgroup B amino acids. 

a) Valine (V)  in subgroup A samples whereas all sub group B samples had Glycine (G) b) Threonine (T) in subgroup A

changed to methionine (M) in subgroup B,  c) Serine (S) to Leucine (L) d) Serine (S) to Phenylalanine (F).   

(Continued) 

a) b) 

Subgroup A 

Subgroup B 
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          Figure 18:  Deduced aminoacid sequences of mtCO1 nucleotide sequences from Asia II 1, 2008-2009 

Asia II 1 sub group A deduced aminoacids showed change at four positions from subgroup B amino acids. 

a) Valine (V)  in subgroup A samples whereas all sub group B samples had Glycine (G) b) Threonine (T) in subgroup A

         changed to methionine (M) in subgroup B,  c) Serine (S) to Leucine (L) d) Serine (S) to Phenylalanine (F). 

Subgroup A 

Subgroup B 

c) d) 
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DISCUSSION 

The whitefly, Bemisia tabaci has drawn much attention to its worldwide importance 

as an insect pest owing to its invasive nature, the damaging feeding behavior and as 

the vector of begomoviruses. Accurate identification of whiteflies that were pests or 

virus vectors is a prerequisite for their effective management to reduce crop damage.  

Cotton production is important to Pakistan’s agriculture and to the overall economy. 

Cotton production has historically been volatile in Pakistan and the major cause has 

been the prevalence of cotton leaf curl disease (CLCuD). The disease was well 

established in Vehari, Multan, Khanewal, Bahawalpur, and Sahiwal districts of the 

Punjab province in 1992. The presence of B biotype (now named Middle East Asia 

Minor 1) in 1994 (Hameed et al., 1996) and K biotype (now named Asia 1) was 

observed on cotton plants. The K biotype observed optimistic for transmitting cotton 

leaf curl virus (Bedford et al., 1992). During the same period i-e 1992-1994, CLCuD 

caused 50% yield reduction, with losses upto 100% in most of the Punjab (Hameed et 

al., 1996) and later in 1997, the disease was reported in the northern part of the Sindh 

province as well, (Saif et al., 1997). Then Simon et al., 2003 analyzed Pakistani 

Bemisia populations on a  larger number of samples but the collections from different 

locations of the Punjab and Sindh were carried out in different years (1995-1998).This 

analysis structured Pakistani Bemisia tabaci three groups; Indian (Asia II 1/non B), 

Southeast Asian (Asia 1/K biotype), and Mediterranean African clades (MEAM 1/B 

biotype). During the years 2004 and 2005, a high incidence of the CLCuD was 

reported in Shahdadpur and parts of District Sanghar, located in central Sindh 

Province and predicted a threat of CLCuD incidence in southern Sindh. These above 

mentioned studies on Pakistani B.tabaci were mostly conducted either on very small 

number of samples or populations were collected in different years and thus the status 

of B.tabaci and its association with CLCuD was still unclear. 

 In addition, insecticide resistance has been increasingly reported for Bemisia tabaci 

in cotton growing areas all across Pakistan (Ahmad et al., 2002, 2002). The present 

study is an attempt to estimate the genetic variations and to identify the presence of 

biotypes on a large number of B.tabaci populations from two consecutive years 2007-

2008 and 2008-2009 and to determine the association of identity with the disease 

incidence in both the Provinces of Pakistan. 
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In the present investigation, the RAPD banding patterns showed considerable genetic 

variations among all 82 B.tabaci populations analyzed from each year. The study 

showed that the primer OPA-04 gave a unique and unambiguous DNA profiles that 

clearly distinguished biotype B from indigenous non B individuals. The primer gave 

polymorphic products of 150bp and 450bp with B biotype whereas 490bp and 1250bp 

with non B biotype. This banding pattern revealed most of the B.tabaci populations as 

non B biotype (belongs to Asia II 1) and only Mirpur khas populations as B biotype 

(now named Middle East Asia Minor 1). The results of this study are in close 

agreement with the findings of Lima et al. (2000) using OPA-04 primer.  The OPA-04 

primer gave the clear DNA profiles that clearly distinguished the Brazilian B.tabaci B 

biotype individuals from the non B individuals. The same OPA-04 primer distinguished 

four B.tabaci biotypes; A, BR, B and Q by using RAPD technique (Rabello et al., 

2008). The A and BR biotypes were discriminated on the basis of 800bp band presence 

in BR biotype only. Similarly two unique bands of 550bp and 900bp were obtained with 

Q biotype to differentiate it from B biotype (Rabello et al., 2008).  The amplified 

fragments from OPA-04 can further be explored to develop sequence characterized 

amplified region SCAR primers which can be used as molecular markers for a rapid 

and accurate identification of B.tabaci biotypes.  

The primer OPC-15 gave the highest number of polymorphic fragments (19) while the 

minimum number of polymorphic bands (6) was observed in OPA-11 primer. This 

result is in disagreement with the findings of Rabello et al. (2008) who had observed 

higher level of diversity within the populations of Q and cassava biotypes when OPA-

11 primer was used.  It is suggested that OPA-11 gave less variable banding patterns 

with non B and B biotypes while higher polymorphism when Q and cassava biotypes 

were used.   

Some of the Pakistani B.tabaci collected from different areas of the same district 

exhibited similar banding patterns. These Bemisia populations are from district 

Bahawalpur (areas: Bahawalpur, Nurpur, Ahmadpur East) and RahimYarKhan (areas: 

Liaqatpur, Khanpur, Sadiqabad). This indicates that they genetically resemble each 

other and are less polymorphic and they grouped together in UPGMA based 

dendrogram (Figure 1 & 2).  
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The level of similarity among biotypes of B.tabaci was high whereas between the 

biotypes samples appeared to be less closely related by Similarity matrix based on 

RAPD profiles. Similar outcomes were previously reported in Brazilian Populations 

using RAPD markers (Lima et al., 2002).  The higher genetic distances were observed 

between biotype B and other non B biotypes populations in Brazil. They further stated 

that the higher genetic distances between populations of A and B biotypes conclude 

that these biotypes could be different species. The indigenous non B biotypes from 

both provinces showed similarity coefficients from 0.25 to 0.88 during 2007-2008. 

This range of similarity coefficients has decreased (0.16 to 0.88) in 2008-2009.   For 

example the PjKw08-10 haplotype collected from Khanewal, the Punjab grouped with 

other Khanewal populations in cluster analysis of year 2007 with similarity 

coefficient of 0.74 however, it showed least level of similarity with other the Punjab 

population and relatively high similarity of 0.58 with Mirpurkhas, Sindh haplotype 

(SdMk08-2).  

RAPD data clustered the B. tabaci samples on the basis of B and non B biotypes. 

Previously Rabello et al. (2008) and Lima at al. (2002) studied genetic diversity 

among Brazilian populations and all populations grouped together according to their 

biotypes. Similarly Guirao et al. (1997) surveyed the biotype status in Spain by using 

esterase and RAPD techniques. The Spanish populations composed of B and non B 

biotypes and apparently this non B biotype is different from non B biotype of 

Pakistan, India and Turkey. 

 In Both years analysis, 78 out of 80 Pakistani samples excluding the control 

populations fell in the non B cluster. The sub grouping between B.tabaci is diverse as 

the Punjab populations set together with the Punjab populations and with Sindh 

populations as well. This led to the conclusion that spread of Pakistani B.tabaci 

populations in cotton growing areas of the Punjab and Sindh have no strong 

geographical correlation and clustering was predominantly on the basis of biotypes. 

This is in contrary to the Indian populations where a total of 108 samples collected 

from different hosts were analyzed.  RAPD-PCR cluster analyses grouped them 

according to their geographic origin into ‘North’ and ‘South’ Karnataka state. 

However separation were not based on the host-plants and biotypes. The different 

cropping pattern and diverse climatic conditions in the northern and southern regions 

possibly be responsible for the apparent diversity in B. tabaci s (Rekha et al., 2005). 
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The B biotype populations formed an independent cluster which contained B biotype 

reference population with two populations from Mirpur khas district (Sindh). This 

shows that the presence of B biotype was restricted to few locations of Sindh. Thus 

Middle East Asia Minor 1 (B biotype) has not been established to any significant 

degree in cotton growing areas of the Punjab and Sindh even though its strong 

presence had been documented before (Hameed et al., 1996, Simon et al., 2003). This 

situation is in contrast with that observed in other countries, in particular USA (Brown 

et al., 1995) and Caribbean basin (Bird and Brown, 1998), in which introduction of B 

biotype has led to the displacement of previous biotypes. These results are in 

concurrence with the circumstances observed in Spain where B biotype populations 

were detected in many locations (Arno and Gabarra, 1994). However later, in two 

independent surveys in Spain from 1997-1998 (Banks et al., 1998; Simon et al., 1999) 

comprising 25 and 35 populations respectively, no B biotype populations were 

detected by RAPD-PCR. The present study demonstrate that Populations of non B 

(now it is called Asia II 1) appeared to be more polymorphic than populations of B 

biotype based on similarity coefficient and cluster analysis using RAPD. In general, it 

is assumed that higher divergence means greater ancestrality. This suggests that the 

presence of Asia II 1 is indigenous to cotton growing areas of both the Punjab and 

Sindh provinces and prevent the spread of B biotype. The observations in the present 

investigations agreed with the results reported by Moya et al (2001) on genetic structure 

of Iberian B.tabaci populations. The Q and B biotypes of Iberian B.tabaci populations 

showed less gene flow between them. All populations of biotype Q presented similar 

values of intrapopulational diversity, which is higher than the values shown by the 

populations of B biotype and Q biotype considered ancestor to B biotype in Iberia.  

This RAPD analysis showed that 96% of total B.tabaci samples studied are Asia II 1 

(non B biotype) observed in cotton growing areas of the Punjab and Sindh, Pakistan. 

The Asia II 1 whiteflies are more diverse and indigenous to B biotype (MEAM 1). It 

is estimated that genetic variations among Asia II 1 populations increased by 2% over 

a year. The presence of Asia II 1 in Sindh is first time observed through RAPD-PCR 

during this present study. MEAM 1 was reported in the Punjab (Hameed et al. 1996) 

and then its presence has been recognized in Sindh (Simon et al. 2003) however this 

study on a large number of samples from two year study suggests that MEAM 1 

populations have now constrained to few locations of Sindh. In the light of the current 

http://www.ejbiotechnology.info/index.php/ejbiotechnology/article/view/v15n6-8/1548#6
http://www.ejbiotechnology.info/index.php/ejbiotechnology/article/view/v15n6-8/1548#15
http://www.ejbiotechnology.info/index.php/ejbiotechnology/article/view/v15n6-8/1548#6
http://www.ejbiotechnology.info/index.php/ejbiotechnology/article/view/v15n6-8/1548#15
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study, it is suggested that RAPD analysis could be successfully used for the 

estimation of genetic diversity among biotypes of B.tabaci complex and monitored 

the spread of B.tabaci in Pakistan the information gained from this study will assist in 

the establishment of appropriate management strategies for cotton crop in Pakistan.   

Mitochondrial CO1 sequencing for B. tabaci has been used previously to reliably 

identify relationships for the B. tabaci complex (Frohlich et al., 1999, Boykin et al., 

2007, Dinsdale et al., 2010). Phylogenetic analyses of mtCO1 gene sequences group 

Pakistani B.tabaci with two genetic groups; Asia II 1(H, M, NA biotypes) and MEAM 

1(B, B2 biotypes) in the year 2007-2008. However, Asia II 5 (G biotype), new genetic 

group with preceding last year groups obtained during 2008-2009 analysis. 

The current phylogenetic inference revealed that the vast majority of the B.tabaci 

were Asia II 1 (non B biotype) in cotton regions of the Punjab and Sindh province. 

The presence of Asia II 1 in the Punjab is previously reported by Simon et al. (2003). 

He used the term Indian clade for this cluster. However its dominance in Sindh with 

few locations occupied by MEAM 1(B, B2 biotypes) is contrary to the Simon et al., 

(2003). In which he showed that from 1997-1998 MEAM 1 was predominant in 

Sindh. After 10 years, the survey data suggests that there has been a considerable 

change in the relative abundances of Asia II 1 than MEAM 1 in Sindh which suggests 

that Asia II 1 is displacing the earlier invader MEAM 1.   

 The Asia II 1 (H, M, NA biotypes) was separated into two subgroups; subgroup A 

and subgroup B.The first subgroup A showed Pakistani populations shared close 

relationship with the China, India and previously described Pakistani B.tabaci 

whereas the second subgroup B clustered, Pakistani Bemisia populations with Nepali 

and Bangladeshi B.tabaci. The samples belonging to each group shared high 

nucleotide identities (upto 99%). The previously reported Pakistani populations 

clustered with subgroup A only. It seems that subgroup B is evolving from sub group 

A. The deduced amino acid sequences from Asia II 1 bifurcated groups revealed 

change in aminoacids at four positions further confirms the presence of two subgroups 

in Asia II 1. All the Asia II 1 either from the Punjab or Sindh were 100% similar to 

each other within a subgroup. It is suggesting that no geographical relationship found 

between these sub grouping in Asia II 1. The high diversity detected in this genetic 
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group by using RAPD and Phylogenetic analysis reveals that it’s indigenous to this 

area.  

MEAM 1 (B, B2 biotype) was not detected in the Punjab cotton areas however 

observed in few locations of Sindh during this study. Its presence was first reported 

on cotton in the Punjab (Hameed et al., 1996) and then in Sindh (Simon et al., 2003). 

This suggests that invasive MEAM 1 populations have not become established in 

cotton areas of Pakistan to any significant degree. The shift in dominance from 

MEAM 1(B biotype) to Asia II 1 (H, M, non B) in the cotton growing areas of Sindh 

province is apparent and remain sustained in this two year analysis. There were 

instances where the indigenous biotype has not been displaced by invasive biotypes. 

In India, the B biotype was found in southern parts of India but not in the north in 

2004–06. The spread of the B biotype apparently seems to have halted with no further 

spread being observed in the 3–4-year period after 2002 (Shankarappa et al., 2007). 

The Shankarappa et al., (2007) also mentioned that MEAM 1(B biotype) was 

observed in south of India which is the main area for vegetables production. But to the 

north of India for example in Masharashtra state B biotype appears to be absent. A 

parallel can be drawn with current analysis of Pakistani and Indian B.tabaci 

populations. It seems that as Masharashtra state is a major cotton growing area of 

India, the indigenous population on cotton may be an efficient CLCuV vector and not 

allowing B biotype to get established there. This is in concordant to widespread of 

Asia II 1 in cotton growing areas of Pakistan and MEAM 1 is present in smaller 

number. Likewise, the Q biotype, which is indigenous to southern Spain, has not been 

displaced by the introduction of the B biotype, and in fact has kept its status as the 

predominant biotype there (Brown, 2000; Moya et al., 2001). 

The phylogenetic analysis of mtCO1 gene of B.tabaci further supported the results 

obtained from the RAPD analysis. Although, the MEAM 1 (B biotype) is considered 

to be highly capable to adapt and colonize a broad spectrum of plant hosts and more 

efficient for virus transmission (Bedford et al., 1994) however Costa and Brown 

(1991) showed that the possible reasons of not getting established to a particular place 

may be the complex connection between the whitefly species, host plant and 

begomovirus, and that influence the increase or decrease of the population. He 

observed that Middle East-Asia Minor 1 showed greater egg to adult survival on 
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pumpkin infected with the watermelon curly mottle strain of squash leaf curl virus 

compared with uninfected plants. Similarly Bedford et al. (1994) suggested that since 

MEAM 1 transmit African cassava mosaic virus with a less efficiency from cassava to 

tobacco than Squash leaf curl virus from squash to squash. Thus virus transmission is 

not biotype specific and the MEAM 1 transmits viruses with different efficiencies. 

Another possible reason proposed by De Barro et al. (2006) is the negative biotype 

interactions which can prevent one biotype from spreading into areas dominated by 

another. In addition, the insecticide resistance had been shown to manipulate the 

capacity of B.tabaci to invade and displace other congener members. Crowder et al., 

(2010) showed that the higher levels of insecticide resistance in Mediterranean 

(biotype Q) enabled this species to displace MEAM 1 which could ordinarily be 

expected to out compete Mediterranean. Ahmad et al. (2002) showed that Asia II 1 

(indigenous population) has developed high levels of insecticide resistance, and so 

this may be contributing to failure of MEAM 1 to persist in the Punjab or Sindh. So 

the process of invasion and displacement are complex phenomena and contribution of 

many factors as mentioned above is responsible. 

The clustering of few populations from Pakpatan (the Punjab) and Khairpur (Sindh) 

with Asia II 5 by Phylogenetic analysis is interesting. As previously Asia II 5 was not 

reported on cotton and non-cotton host plants in Pakistan. The Asia II 5 was 

previously reported in the neighboring countries, India and Bangladesh.  Its invasion 

in Pakistan was apparently due to human activities between these countries. The study 

of Maruthi et al, (2007), demonstrated none of the Bangladeshi B. tabaci populations 

grouped with B or Q biotypes and these two biotypes were either displaced or not 

present in Bangladesh in 2003 where as Asia II 1, Asia 1 and Asia II 5 were observed 

on different non cotton hosts. Furthermore, they compared their indigenous B.tabaci 

mtCO1 sequences and partial DNA-A sequences of some of begomoviruses, and 

indicated the association of some B.tabaci variants with cotton leaf curl virus 

(CLCuV) in Pakistan. This correlation is preliminary and further analysis is required. 

The presence of Asia II 5 in India was studied on different hosts. The Asia II 5 found 

on cassava is reproductively incompatible and formed a separate cluster using mtCO1 

phytogenetic analysis (Maruthi et al., 2004). Current study is the first evidence of 

Asia II 5 presence in the Punjab and Sindh, hence, the correlation between Asia II 5 

and CLCuD is yet unclear. Further study is necessary to confirm this. 
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The clustering of Pakistani B. tabaci populations with Asia 1(K biotype) has not been 

visible on cotton plants during this study. The K biotype (now termed Asia 1) was 

indicated on cotton plants and may be the vector for transmitting CLCuV (Bedford et 

al, 1992). Later it was not identified on cotton in the study carried by Simon et al. 

(2003) however it was present on other hosts. Bedford et al. (1994) examined that K 

biotype colonies (Asia 1) from Pakistan did not interbreed with other biotypes and the 

non B biotypes including K had host ranges restricted by the vector host range. This 

study explained the possible reason of absence of Asia 1 on cotton though it was 

present before. He further observed that non B biotypes including K from Pakistan 

transmits certain geminiviruses and some geminiviruses were more efficiently 

transmitted than were others. 

The prevalence of Asia II 1 is apparent in cotton region of the Punjab and Sindh. The 

B.tabaci populations were collected from CLCuV infected plants and this indicates 

that CLCuD in the Punjab and Sindh is due to Asia II 1. The presence of Asia II 1 in 

the Punjab and its association with CLCuD was previously reported by Simon et al. 

(2003). He indicated that distribution of CLCuD is influenced by the distribution of 

Asia II 1 (H, M, non B biotypes). This is in agreement with the current results in the 

Punjab. The prevailing presence of Asia II 1 and increase in the incidence of CLCuD 

in Sindh is noteworthy. These results, however, are concordant with the incidence of 

CLCuD in Sindh. The first appearance CLCuD was reported in the northern part of 

the Sindh province in 1997 and did not observed in most of the cotton-growing areas 

in Sindh (Saif et al., 1997). At the same time Asia II 1 was not observed in the Sindh 

(Simon et al., 2003). However, during the years 2004 and 2005, a high incidence of 

the disease was reported in Shahdadpur and parts of District Sanghar, located in 

central Sindh Province. The disease was also observed at low incidence in southern 

Sindh. Further that cotton leaf curl complex has become established in central and 

southern districts of Sindh Province and it poses a major threat to cotton grown in the 

region (Mansoor et al., 2006). This indicates that the incidence of CLCuD appeared to 

be in relation to the widespread of Asia II 1 in Sindh. The RAPD, MP, ML distance 

data all significantly support and suggest that the recent occurrence of CLCuD in 

central and southern Sindh is due to the presence of Asia II 1. 

Our results are in contrast with Ahmed et al. (2010) who stated that MEAM 1 

(biotype B) is dominant and responsible for less disease incidence in Sindh where our 
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study clearly indicates that Asia II 1 is prevalent whitefly genetic group in Sindh. 

McGrath and Harrison (1995) results on transmission efficiency clearly indicated that 

the Pk4 population is indigenous of Pakistan B.tabaci and its higher efficiency rate for 

virus transmission i-e Indian tomato leaf curl virus. Simon et al. (2003) indicated that 

Pk4 population provided by Scottish Crop Research Institute falls with Asia II1. 

McGrath and Harrison (1995) studies evidently showed that the indigenous (Asia II 1) 

would transmit virus more efficiently than the exotic one. Although B biotype was 

present in the Punjab and subsequently in Sindh it only showed that they were not 

wide spread on cotton in Pakistan during 1995-1998. This clearly showed that the 

Prevalence of Asia II 1 is responsible for CLCuD and its distribution in the Punjab 

and Sindh. This result further agreed with the cassava whiteflies behavior towards 

cassava mosaic virus explained by Legg and Thresh (2000) who demonstrated both 

increased vector fecundity and vector abundance for B. tabaci feeding on cassava 

infected with cassava mosaic virus, and they speculated that the interaction between 

virus and vector accelerated the spread of the vector and therefore the virus. 

Overall findings of this work were in support of Saleem et al. (2003), who reported 

that the non-B B. tabaci from the Punjab cotton, now known to be Asia II 1, was a 

more efficient vector of CLCuV than Middle East-Asia Minor 1 (referred to as B 

biotype in that study). 

The Ali et al. (2010) indicates that the CLCuD prevalence was 60-100% during 2007-

2009 in Sindh and severe attack of CLCuV was observed in all cotton fields in the 

Punjab and Sindh during this survey. The span of time between our studies and Ali et 

al. (2010) reports clearly indicates that Asia II 1 B.tabaci has become dominant and 

plays a vital role in the spread of CLCuD all over the Punjab and Sindh, Pakistan. 

Conclusively, this study for the first time unifies knowledge of the diversity and 

distribution of B. tabaci in cotton growing areas of the Punjab and Sindh, Pakistan. 

During this study high genetic variation were observed in B.tabaci populations across 

cotton fields of both provinces. The Asia II 1 (includes H, M, NA, non B biotypes) is 

prevalent in both provinces and associated with high incidence of CLCuD. The 

present study, gives the first evidence of existence of Asia II 1 on cotton in Sindh and 

presence of Asia II 5 in Pakistan. The situation of different B. tabaci associated with 

CLCuD has now been clarified, and a strong association between disease incidence 
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and vector identity and abundance has been shown. This knowledge will contribute to 

the development of appropriate strategies with which to manage the disease in 

Pakistan. Given this finding, future research should now focus on the relative 

capacities of the Asia II 1 to transmit the various viruses associated with CLCuD and 

on the biological interactions with a view to determining whether these can be 

manipulated to reduce disease incidence. 
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Abstract 

Background: The Bemisia tabaci is one of the most devastating pests of agricultural 

crops and ornamental plants worldwide. The genetic diversity and biotype status of 

theBemisia tabaci in Pakistan was assessed by using random amplified polymorphic 

DNA-polymerase chain reaction (RAPD-PCR). A total 80 samples of B. 

tabaci collected from 14 districts of the Punjab province and 7 districts of the Sindh 

province were included. 

Results: All 10 primers screened in this study generated 151 scorable amplification 

products, of which 117 or 77% were polymorphic. Pairwise Nei and Li’s similarity 

had ranged from 0.25 to 0.88 among all individuals analyzed. Based on Nei and Li’s 

similarity coefficients Bemisia populations were grouped into 3 main clusters and 

clearly distinguished the non B biotype from the B biotype. 

Conclusion: The level of similarity among populations of same biotypes was high 

whereas between populations of non B and B biotypes appeared to be less closely 

related. This analysis showed that non B biotype is prevalent in both provinces 

however B biotype is restricted to few locations in Sindh. This monitoring of the 

mailto:h_saima2002@yahoo.com
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spread of B. tabaci in Pakistan will assist in the establishment of appropriate 

management strategies. 

Introduction 

The whitefly, Bemisia tabaci (Gennadius) (Homoptera: Aleyrodidae), has a long 

history as a serious pest and virus vector of agricultural crops worldwide. B. tabaci is 

expected to be a complex of 11 well defined groups with 24 distinct species (Dinsdale 

et al. 2010; De Barro et al. 2011). In Pakistan, B. tabaci has increased in importance 

since 1987/1988, when major outbreaks of cotton leaf curl disease had occurred. 

Cotton leaf curl virus (CLCuV) was recognized as a cause of severe losses in cotton, 

vectored by B. tabaci(Hameed et al. 1994) and the presence of the B biotype was first 

reported in Punjab in 1996 (Hameed et al. 1996). Further studies revealed Pakistani 

Bemisia population into Indian, Southeast Asian, and Mediterranean African groups. 

The Indian clade type appeared more dominant in the Punjab and the Mediterranean 

African clade type in Sindh (Simon et al. 2003). 

 Different genetic markers have been originated with distinct properties that have 

exposed important biological information in B. tabaci. Among the molecular markers, 

Random Amplified Polymorphic DNA (RAPD) is extensively being employed in 

studies of genetic diversity as it is a simple and inexpensive technique. The RAPD 

markers were used in revealing the genetic structure of the B. tabaci populations 

(Abdullahi et al. 2003;Khasdan et al. 2005), for the identification and spread of 

invasive biotypes (Horowitz et al. 2003; Delatte et al. 2005; Tahiri et al. 2006) and for 

distinguishing indigenous populations from those of introduced B biotype (Rekha et 

al. 2005). It was considered that the B and Q biotypes are genetically isolated as less 

gene flow was observed between the two biotypes under laboratory conditions when 

RAPD data was quantified by molecular variance (AMOVA). This was later 

confirmed by many studies based on mitochondrial cytochrome oxidase 1 gene 

analysis and now B and Q biotypes are thought to be separate species (Dinsdale et al. 

2010; De Barro et al. 2011). In the present study, estimation of genetic diversity and 

monitoring the presence of species/biotype among B. tabaci biotypes was 

conductedusing RAPD markers. 

http://www.scielo.cl/scielo.php?pid=S0717-34582012000600006&script=sci_arttext#4
http://www.scielo.cl/scielo.php?pid=S0717-34582012000600006&script=sci_arttext#4
http://www.scielo.cl/scielo.php?pid=S0717-34582012000600006&script=sci_arttext#2
http://www.scielo.cl/scielo.php?pid=S0717-34582012000600006&script=sci_arttext#6
http://www.scielo.cl/scielo.php?pid=S0717-34582012000600006&script=sci_arttext#7
http://www.scielo.cl/scielo.php?pid=S0717-34582012000600006&script=sci_arttext#15
http://www.scielo.cl/scielo.php?pid=S0717-34582012000600006&script=sci_arttext#1
http://www.scielo.cl/scielo.php?pid=S0717-34582012000600006&script=sci_arttext#9
http://www.scielo.cl/scielo.php?pid=S0717-34582012000600006&script=sci_arttext#8
http://www.scielo.cl/scielo.php?pid=S0717-34582012000600006&script=sci_arttext#3
http://www.scielo.cl/scielo.php?pid=S0717-34582012000600006&script=sci_arttext#16
http://www.scielo.cl/scielo.php?pid=S0717-34582012000600006&script=sci_arttext#13
http://www.scielo.cl/scielo.php?pid=S0717-34582012000600006&script=sci_arttext#13
http://www.scielo.cl/scielo.php?pid=S0717-34582012000600006&script=sci_arttext#4
http://www.scielo.cl/scielo.php?pid=S0717-34582012000600006&script=sci_arttext#4
http://www.scielo.cl/scielo.php?pid=S0717-34582012000600006&script=sci_arttext#2
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Adult whitefly populations were collected from 40 cotton growing areas of Punjab 

and Sindh provinces. A total of 80 samples of B. tabaci were used in this study. For 

comparison populations (B-1) of B biotype (Middle East Asia Minor 1) was provided 

by South China agricultural university and indigenous population (A-11) of B. 

tabaci sampled from Multan in 2006 and maintained in the NARC, Islamabad were 

also included. The indigenous population was identified as non B (Asia II 1) by 

mtCO1 sequence (HM488014) and the collection sites are summarized in Table 1. 

DNA extraction 

Total genomic DNA was extracted from individual white flies by crushing them in a 

glass homogenizer containing 60 µL of ice cold lysis buffer. Lysis buffer was 

prepared according to a standard protocol defined by Frohlich et al. (1999). The 

homogenate was transferred to 0.5 ml microtube and incubated at 65ºC for 15 min and 

95ºC for 10 min, in thermocycler. The processed samples were stored at -20ºC. 

Primer selection and RAPD assays 

Initially, 5 randomly selected samples were used to choose the suitable primers. In 

total 25 10mer primers were used which were previously selected for measuring 

genetic diversity and biotypes identification by Moya et al. 2001; Lima et al. 

2002; Simon et al. 2003. After preliminary experiments, 10 primers were selected on 

the basis of their ability to detect the polymorphism and production of the scorable 

banding patterns in B. tabaci: OPA-04, OPA-09, OPA-11, OPB-13, OPC-01, OPC-

04, OPC-10, OPC-15, OPO-06 and OPO-18. 

RAPD-PCR reactions were performed in 25 µl of reaction mixture containing 10 mM 

Tris-HCl, (pH 8.8), 50 mM KCl, 3.0 mM MgCl2, 200 µM of each deoxynucleotide 

triphosphate (dNTP), 0.8 µM of primer, 1.25 units Taq polymerase (Fermentas UAB 

Lithuania) and 2 µl of template DNA. Amplifications were carried out in a 

thermocycler using the following parameters: Initial denaturation for 1 min at 94ºC 

followed by 45 cycles of denaturing for 1 min at 92ºC, Primer annealing for 1 min at 

35ºC and extension for 2 min at 72ºC and final extension of 7 min at 72ºC, and then 

held at 4ºC. After amplification, PCR products were separated by electrophoresis 

using 1.4% agarose gel containing 0.5 ug ml-1 of ethidium bromide in 1 X Tris-borate 

EDTA (TBE) buffer. 
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