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ABSTRACT 

Begomoviruses are ssDNA viruses exclusively transmitted by whitefly Bemisia 
tabaci. The begomoviruses-whitefly complex is responsible for inflicting severe 
damage to the crops. Soybean crop, new to Pakistan, remains unexplored 
regarding the virus-vector complex therefore present study was aimed to identify 
and determine the genetic variability of begomoviruses infecting soybean crop 
along with the whitefly mitotype(s) involved in their transmission. Soybean plants 
displaying symptoms of begomoviruses infection were collected and total genomic 
DNA was extracted from both symptomatic leaves and viruliferous whiteflies. 
Diagnostic PCR was employed to detect begomoviruses followed by whole 
genome amplification of begomoviruses by rolling circle amplification technique. 
The RCA products were subsequently cloned and sequenced. The partial 
cytochrome oxidase subunit I (COI) gene of the whiteflies was amplified and 
directly sequenced in both orientations. The sequences were assembled using 
Geneious R10 software and BLAST analysis was conducted through online NCBI 
web portal. Similarity index matrix and phylogenetic trees were constructed using 
sequence demarcation tool (SDT), MEGA11 and MrBayes software packages. The 
results proved 98% similarity of begomovirus Multan isolate with Tomato Leaf Curl 
New Delhi virus (ToLCNDV). The COI gene sequence of Bemisia tabaci showed 
99.9% similarity with mitotype Asia II-I found in Pakistan. The study confirmed the 
infection of ToLCNDV and Asia-II-I presence on soybean in Multan, Pakistan and 
would be useful in understanding begomoviruses-whitefly complexes in Soybean 
crop and Southern Punjab. 

Keywords: Begomoviruses, ssDNA viruses, Bemisia tabaci, phylogenetic analysis, 
genetic variability, Soybean. 

 
INTRODUCTION 

Soybean crop accounts for the second-largest supply of protein feed as well as 

vegetable oil globally. The United States, Brazil, Argentina, and China are the four 

biggest countries where soybean production accounted for 90 percent of global 

total production in (2005 Workman. 2007). Soybean is among the 16 major crops 

that primarily grown around the globe, like wheat, sugarcane, barley, groundnut, 

cassava, potato millet, rice, maize, oil palm, rapeseed, rye, sugar beet, sunflower, 

sorghum, and soybean (Foley et al., 2011). Soybean crop is typically grown once 

a year. Few countries, including Pakistan, have the opportunity to cultivate crops 

in the spring and winter seasons each  year. Soybean, also called "king of beans,"  
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is generally stuffed into meals; soy oil is a major component of many edible and non-edible goods, ranging from 

animal grains, cooking oil, vegetarian food, and other industrial utilization (Thrane et al., 2017). In many countries, 

like America, begomoviruses pose a significant challenge to the production of common bean, tomato, and pepper 

production and have been frequently reported in soybean (Morales, 2006). 

The genus Begomovirus belongs to the Geminiviridae family and is divided into Old and New World begomoviruses. 

In the Old World (OW Europe, Africa, Asia, and Oceania), begomoviruses were mostly monopartite, and a few 

bipartite begomoviruses were present, while others were all bipartite and known as New World (NW America) 

begomoviruses (Fauquet et al., 2008). The composition of begomoviruses was they have typically circular, ssDNA 

genomes encapsulated in twinned icosahedral virion of 18 nm × 30nm (Zerbini et al., 2017). Begomoviruses can be 

classified based on their genomic structure as either bipartite, consisting of two genomic components (DNA-A and 

DNA-B), or monopartite, containing a single genome component (DNA-A). 

Begomoviruses are mostly transmitted by vector whitefly through persistent circulative manner. For a successful 

virus transmission, the insect vector need latent period of 8h between acquisition and inoculation (Ghanim et al., 

2001; Czosnek et al., 2017). B .tabaci capacity of virus transmission was influenced by its acquisition access period 

(AAP), sex and age of the vector (Czosnek and Ghanim, 2002). The minimum AAP and maximum period of virus 

preservation in the whiteflies, which were respectively 3 days for males and 10 days for females, determine the 

persistence mode. The nymphs of whitefly can acquire with virus from symptomatic leaves but it cannot get in to the 

eggs. The aptitude of virus transmission in vector cannot be maintained for life time in both male and female whitefly 

(Karthikeyan et al., 2014). The contact among coat protein of virus and receptors present in whitefly gut and salivary 

glands depends on particular begomovirus and whiteflies. Whitefly encodes a variety of proteins like molecular 

chaperone proteins, HSP70 which help in proper virus transmission and circulative (Brown and Czosnek, 2002; 

Varun and Saxena, 2017). The vector B. tabaci was classified into three biotypes (A, B, Q) each of this was likely 

different enough to be classified a separate species. Because of their incapability to hybridization and deviation in the 

mitochondrial cytochrome oxidase I (mtCOI) gene, some biotypes, such as (biotype A) NW, Biotype B Middle East-

Asian Minor 1(MEAM-1) also Mediterranean (biotype Q) have been planned to be elevated to species status (De 

Barro et al., 2011). In Pakistan, Ashfaq et al., (2014) were reported the presence and their role in viruses circulated 

by B. tabaci cryptic species like as Asia II-1, MEAM-1, Asia 1, Asia II-5 and Asia II-7. The first two taxa were 

identified in both Sindh and Punjab, while Asia 1 was only found in Punjab. Additionally, Asia II-5 and Asia II-7 were 

also detected in Punjab. Indian scientists documented the presence of nine well-known and one newly identified 

cryptic species of B. tabaci. The Asia I as well as Asia II-1 species were more prevalent in northern and central India, 

while Asia I and Asia II-7 predominated in western India. The most recent research indicates that there were 

currently 46 cryptic species of B. tabaci divided into 11 genetic subgroups (Rehman et al., 2021). 

The soybean crop is new to Pakistan and efforts are underway to acclimatize the high yielding genotypes. These 

genotypes are subjected to biotic stresses mainly whitefly transmitted begomoviruses. It is a novel work in Pakistan, 

particularly in context of soybean viruses therefore the present study was aimed to identify and determine genetic 

variability of begomoviruses infecting soybean crop and whitefly mitotype(s) involved in transmission of these viruses 

in Pakistan.  

 

MATERIALS AND METHODS 

PCR Analysis for Begomoviruses and Whiteflies 

The Soybean fields of MNS-University of Agriculture, Multan were surveyed (30.1475° N, 71.4436° E). The 10 plants 

exhibited characteristic viral symptoms including thickening, leaf curling yellowing, mosaic pattern and mottling 

appearance on leaves were collected randomly and total genomic DNA, from infected leaves, was isolated through 

CTAB method with few modifications (Doyle & Doyle, 1987). The isolated DNA was quantified by a nanodrop 

(Thermo Fisher Scientific, Waltham, MA, USA). Molecular identification of begomoviruses was done by diagnostic 

PCR, which was performed by using a 5´ GAAGCGACCAGCAGATATAATC ´3 (Forward primer) and 5´ 

CATCCTGTACATCCTGGGCTT (reverse primer).  

The whitefly population of 100 whiteflies was collected for cellular analysis. The lysis buffer was used for total 

genomic DNA isolation of 20 whiteflies. The PCR amplification of mt-COI gene from Bemisia tabaci was started by 

using primers Bt-COI-1F (F-5'-GATCGAAATTTAATTTTATCTTTTTATGATCC-3' and Bt-Cox-1R 

'5TGTTCTATTGTAAAACTAGCACTATTTTG-3). The PCR conditions, for begomoviruses detection and amplification 

of mt-CO1 gene, were employed as reported by Afzal et al. (2023). 
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Whole Genome Amplification of Begomoviruses 

The positive PCR samples were subjected to Rolling circle amplification (RCA) as used by (Inoue-Nagata et al. 

2004). The reaction was carried out according to the manufacture’s protocol (Thermo Fisher Scientific, Waltham, MA, 

USA). The RCA product was subjected to restriction digestion analysis by KpnI endonuclease and subsequently 

resolved on 1% agarose gel. The digested products were excised out and purified by silica bead gel extraction kit 

(Thermo Fisher Scientific, Waltham, MA, USA).   

Cloning and Sequencing 

The purified products were cloned into non-binary plasmid pUC19 (Addgene) and Dh5-alpha chemically competent 

E. coli cells were transformed with recombinant pUC19 plasmid vector. The transformed Dh5-alpha cells were grown 

overnight at 37oC on nutrient agar medium. The white colonies were picked and cultured in liquid nutrient media 

followed by plasmid isolation by FavorPrep plasmid isolation kit (Favorgen Biotech Corporation, South Korea). The 

recombinant plasmids and amplified mt-CO1 gene products were sequenced, in both directions, at Macrogen, South 

Korea.  

Genomic Assembly and Phylogenetic Analysis  

The sequences of begomoviruses and whitefly were assembled through Geneious R10. The BLAST analysis 

(available at http://www.ncbi.nlm.nih.gov/BLAST/) was used to evaluate the nucleotide similarity of the target 

sequences. In case of begomoviruses, the sequence demarcation tool (SDT) was used for pairwise sequence 

comparison and to determine pairwise similarity scores (Muhire et al. 2014). Phylogenetic analysis was carried out 

employing maximum likelihood method embedded in MEGA11 with bootstrap value of 1000 replications (Tamura et 

al. 2011). The selected whitefly CO1 gene sequence was aligned with reference sequences using ClustalW. 

Phylogenetic analysis was done by MrBayes (Ronquist and Huelsenbeck, 2003).  

 

RESULTS 

Molecular Diagnosis and Characterization of Begomoviruses  

All the tested samples were found positive exhibiting symptoms of leaf curling, yellowing, and mosaic pattern (Figure 

1). The diagnostic PCR analysis yielded 180bp amplifying upstream region of coat protein gene (Figure 2). The RCA 

digestion resolved on 1% agarose gel and showed approximately 2.8kb band (Figure 3) and the sequencing of 

recombinant plasmid pUC19, in both directions, resulted in 2734bp. The sequence proved to be an isolate of Tomato 

Leaf Curl New Dehli Virus [U15015] [USA:California:Tomato:1992]  also known as Begomovirus solanumdelhiense 

according to new nomenclature.  

 

A B

C D

 
Figure 1. (A) (D) mosaic symptoms; (B) mottling; (C) vein thickening 

http://www.ncbi.nlm.nih.gov/BLAST/
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                                       Figure 2: Partial coat protein amplifcation for diagnostic PCR 
                     

                           
                                       Figure 3: Digested RCA product with Kpn1 endonuclease 
 

BLAST analysis revealed homology of 2734bp sequence with DNA-A component of ToLCNDV. The similarity identity 

matrix was constructed with pairwise sequence analysis, MUSCLE alignment embedded in SDT, showed 98% 

similarity with sequence Tomato Leaf Curl New Dehli Virus (ToLCNDV) isolates with accession numbers HM007120 

and KP235542 reported from India in 2008 and 2009 (Table 1) as per demarcation criteria for characterization of 

begomoviruses.  

 

Table 1. Similarity matrix identity scores with ToLCNDV [Soybean:Multan:2022] 

 

180bp 

2734 bp 
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750 bp 

Phylogenetic analysis employing maximum likelihood method, with 1000 bootstrap replications, clustered the 

ToLCNDV Multan isolate with ToLCNDV isolates from Pakistan reported in 2009 (Figure 4). 

 

 
Figure 4. Phylogenetic analysis of Multan isolate of ToLCNDV with reported isolates from across the world 
 

Amplification of Partial COI Subunit Gene and Sequence Analysis 

The diagnostic PCR amplified 750bp partial COI gene using Bt-CO1F and Bt-CO2R primer pair (Figure 5). The initial 

confirmation of whitefly CO1 gene sequence was done by BLAST analysis. The multiple alignment was done through 

CLUSTALW and identity scores were calculated using MEGA11. The results revealed 99.99% similarity with B. 

tabaci sequences, with accession numbers OL763913 and OL763907 reported from Pakistani cities of Nasirabad 

and Rahim Yar Khan in 2019 and 2018 respectively (Table 2). Phylogenetic tree was constructed using MrBayes and 

clustered the whitefly sequence with Asia II-1 mitotypes (Figure 6). 

 

                                    

                                      Figure 5. Amplification of partical CO1 gene of whitefly 
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Table 2. Sequence identity score of Asia II-I mitotype, collected from Soybean, with reported whitefly mitotypes 

 

 

 Figure 6. Phylogenetic tree of Bemisia tabaci, collected from Soybean, with reported whitefly mitotypes based on 
cytochrome oxidase subunit gene1   
 

DISCUSSION 

Begomoviruses presence in soybean, showing characteristic symptoms, was confirmed through diagnostic PCR 

followed by whole genome amplification of DNA-A leading to the identification of 2734bp of ToLCNDV isolate which 

is a first report of ToLCNDV infecting Soybean in Pakistan. The presence of Asia II-1 mitotype is also termed as first 

report of Asia II-1 presence on Soybean plants in Pakistan. Seven begomoviruses have been reported from soybean 

crop in the United States  including PepGMV (Andrade et al. 2006), CaLCuV reported from Colombia along with 

documented infections of LeMV, SiMoV and OKMV in Brazil (Fernandes et al. 2019). ToLCNDV is also reported to 

infect host plants in Pakistan viz. Tomato, wild spinach, Field bindweed, Bitter Gourd, Chilies, Luffa, toothed dock, 

Parthenium spp. and blackberry nightshade (Shih et al. 2006; Brown et al. 2017).  

The tomato crop harbors more than 15 begomoviruses species (Shahid et al. 2007; Kumar et al. 2013). While 

Masood et al., (2017), Islam et al. (2018) and Afzal et al., (2023) documented the spread of Asia II-1 mitotype and 
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termed it an invasive species in Sindh province over-populating MEAM-1 in areas adjacent to Punjab province. This 

has a potential impact on the transmission of begomoviruses to new host plants leading to the development of new 

recombinant species and variants. 

 
CONCLUSION 

This study confirms the presence of ToLCNDV and Asia II-1 mitotype on Soybean crop in Pakistan. It is the first 

report of begomovirus-whitefly complex on Soybean in Pakistan and will be helpful for researchers in the 

development of potential management strategies to control the spread of begomoviruses-whitefly complex in 

Pakistan.  
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