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Abstract: Leaf samples were collected from the symptomatic snake gourd 

(Trichosanthes cucumerina) plants showing plant stunting, leaf yellowing and mottling 

symptoms during 2016-17 in Al-Ahsa region of the Kingdom of Saudi Arabia. Total 

genomic DNA was extracted from three samples and was analyzed further for the 

presence of begomovirus infection through rolling circle amplification (RCA), PCR and 

Sanger sequencing. Universal primer pairs AC1048/AV494 and PCRc1/PBL1v2040 

were used to amplify the partial coat protein region of DNA-A and partial DNA-B, 

respectively. All three samples were tested positive for the presence of both DNA-A and 

DNA-B components of begomoviruses. Three partial PCR amplicons from two plants 

were further confirmed through Sanger sequencing. The sequence analysis revealed that 

the partial DNA-A shared the highest nucleotide (nt) sequence identities of 97.1-97.7% 

with that of watermelon chlorotic stunt virus (WmCSV) DNA-A (JN618984) identified 

from squash in Oman. Whereas, the three partial DNA-B amplicons shared the highest 

nt sequence identities of 94.2-95.8% with three WmCSV isolates reported from Iran 

(KT272770) and Oman (JN618980 and HG969288). The partial nt sequences of DNA-A 

and DNA-B were well-grouped with other WmCSV isolates in the phylogenetic 

dendrograms. This identification of WmCSV from the T. cucumerina plants reveals that 

WmCSV may become a major threat to the cucurbit crops in Saudi Arabia. 

Keywords: Begomovirus, watermelon chlorotic stunt virus, Trichosanthes cucumerina, 

Saudi Arabia. 
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1 Introduction 

The genus Begomovirus is the largest genus of 

plant viruses in the family Geminiviridae with >350 

species (Brown et al., 2015; Zerbini et al., 2017), 

which widely infect important dicotyledonous crop 

plants worldwide (Sattar et al., 2013; Sattar et al., 

2017; Rey et al., 2012). There are nine genera 

reported so far in the family Geminiviridae including 

Becurto-, Begomo-, Capula-, Curto-, Eragro-, 

Grablo-, Mastre-, Topocu- and Turncurto-virus 

(Zerbini et al., 2017). These viruses are responsible to 

cause diseases to many economically important crop 

plants grown in tropical and sub-tropical to temperate 

regions (Briddon et al., 2018; Malathi, 2017). 
Begomoviruses have circular, single-stranded DNA 

(cssDNA) genomes encapsidated in twinned-

icosahedron protein coats (Hanley-Bowdoin et al., 

2013; Mubin et al., 2019). Based upon the genome 

structure, the genus Begomovirus is further 

categorized into monopartite and bipartite 

begomoviruses (Zubair et al., 2017). The genome of 

bipartite begomoviruses is comprised of two almost 

equally sized genomic components DNA-A and 

DNA-B (~2.6-2.7kb each), which are jointly 

encapsidated into the twinned-icosahedrons (Roshan 

et al., 2017; Zerbini et al., 2017). Whereas, 

monopartite begomovirus genome is an equivalent of 

DNA-A of bipartite begomovirus. The begomovirus 

replication, encapsidation and pathogenesis are 

encoded by 5-6 open reading frames (ORFs) (Iqbal et 

al., 2012; Saeed et al., 2018; Silva et al., 2017). These 

ORFs are encoded by DNA-A in the opposite 

orientation i.e. two ORFs (AV1 and AV2) in the 
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virion sense while four ORFs (AC1, AC2, AC3 and 

AC4) in the complementary sense orientation 

(Hanley-Bowdoin et al., 2013; Sattar, 2012). All 

ORFs are transcribed from a common promoter in the 

common region (CR) of the genome (Ashraf et al., 

2014). The DNA-B of bipartite begomoviruses only 

encodes two ORFs (BV1 and BC1) in the opposite 

orientation (Zhou, 2013). The essential role of DNA-

B in the viral pathogenesis is to regulate in planta 

viral trafficking across the cellular passages (Briddon 

et al., 2010). The DNA-A and DNA-B of bipartite 

begomoviruses share a ~200-400 bp CR and a stem-

loop with nona-nucleotides (TAATATTAC).  

Bipartite begomoviruses, mostly prevailing in the 

New World (NW), usually have five ORFs in their 

DNA-A component (Al-Aqeel et al., 2018). Whereas, 

most of the monopartite begomoviruses have been 

reported from the Old World (OW) (Rey et al., 2012). 

Monopartite begomoviruses are also found associated 

with DNA-satellites alphasatellite, betasatellite and 

recently deltasatellites (Briddon et al., 2018; Fiallo-

Olive et al., 2016; Malathi et al., 2017). Although, in 

OW mostly monopartite begomoviruses have been 

reported however, some bipartite begomoviruses have 

also been found (Brown et al., 2015). Watermelon 

chlorotic stunt virus (WmCSV) is a bipartite 

begomovirus, which was firstly reported from Yemen 

during late 1980s (Rojas et al., 2018; Walkey et al., 

1990). Soon after its first emergence in Yemen, 

WmCSV spread out rapidly into the neighboring 

Middle-Eastern and North African countries (Ali-

Shtayeh et al., 2014). In the subsequent years, it was 

reported from Israel (Abudy et al., 2010), Jordan (Al-

Musa et al., 2011), Lebanon and Oman (Khan et al., 

2012) and Palestine (Ali-Shtayeh et al., 2014). In 

Saudi Arabia, WmCSV was reported from 

watermelon crop recently (Al-Saleh et al., 2014).  

Vegetable crops are under a continuous threat 

from begomoviruses in the tropical and sub-tropical 

regions (Leke et al., 2015). Trichosanthes cucumerina 

(family Cucurbitaceae) or snake gourd is well-known 

annual vegetable crop, which has been grown in 

many Asian countries (Liyanage et al., 2016). The 

fruit is pharmacologically and therapeutically very 

active and rich in flavonoids, carotenoids, various 

phenolics and dietary fibers. The present study was 

designed to isolate and characterize partial genome of 

WmCSV from T. cucumerina in the Eastern region of 

Kingdom of Saudi Arabia. 

 
Fig. 1. Trichosanthes cucumerina plants showing 

disease symptoms of plant stunting, leaf yellowing 

and mottling in Al-Ahsa, Saudi Arabia. 

2. Materials and Methods 

2.1. Sample Collection 

During the growing season of 2016-17, three T. 

cucumerina plants showing plant stunted growth, leaf 

yellowing and mottling symptoms were found in a 

field in the Al-Ahsa region of Kingdom of Saudi 

Arabia (Fig. 1). The youngest leaves were harvested 

from symptomatic (three) and asymptomatic (one) 

plants and were immediately transferred into the 

plastic bags and later used for downstream analysis 

on the same day. 

2.2. Genomic DNA isolation and agarose gel 

electrophoresis 

All the collected leaf samples were used for total 

genomic DNA isolation using CTAB method of 

DNA-extraction as previously described (Doyle et al., 

1990). The isolated DNA-pellet was dissolved finally 

in 50 µl of autoclaved double distilled water. The 

integrity and quality of the isolated DNA was 

analyzed using 1% agarose gel electrophoresis in 0.5x 

TBE buffer.  

2.3. RCA and PCR amplifications 

The isolated DNA from all the plants was 

subjected to rolling circle amplification (RCA) using 

Phi-29 DNA-polymerase using Illustra Templiphi Kit 

(GE healthcare, UK) as described earlier (Qurashi et 
al., 2017). The RCA quantification was carried out by 

electrophoresing 0.5 µl RCA product. The confirmed 
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RCA product was further used to carry out PCR 

amplification using universal degenerate primers, 

which usually amplify ~550 bp partial fragment of 

coat protein (CP) gene of DNA-A component of 

begomovirus genome(AC1048/AV494) (Brown et al., 

2001). Another set of degenerate primers 

PCRc1/PBL1v2040 (Rojas et al., 1993) were also 

employed to amplify ~600 bp (the CR and partial 

replication associated protein) of DNA-B component. 

The successful PCR-amplicons were separated in 1% 

agarose gel and stained with ethidium bromide 

solution to illuminate under UV light in UV trans-

illuminator (ThermoScientific).  

2.4. Cloning and sequencing 

The obtained PCR-amplicons were excised from 

the agarose gel and the excessive salts and/or gel 

impurities were removed by purification using 

QIAquick PCR purification kit (Qiagen, Germany). 

The purified DNA fragments were subsequently 

cloned into the pGEM-T Easy vector (Promega, USA) 

following the manufacturer's protocol. The 

recombinant plasmids containing the inserted DNA-

fragments were transformed into the DH5α sub-

cloning efficiency Escherichia coli cells (Invitrogen, 

USA). The transformed bacteria with recombinant 

plasmids were selected with blue-white selection on 

LB-agar media. The selected clones for DNA-A and 

DNA-B partial components were sent for complete 

sequencing through Sanger sequencing platform 

(Macrogen, Korea).  

2.5. Comparative Sequence Analysis and 

Phylogenetic Dendrograms 

The obtained sequences of partial DNA-A and 

DNA-B genomes were initially compared by 

BLASTn tool available in NCBI GenBank database 

(https://www.ncbi.nlm.nih.gov/) with the most 

closely related begomovirus sequences. The top 20 

most closely related DNA-A and DNA-B nt 

sequences were retrieved from NCBI and were used 

for sequence comparison in Sequence Demarcation 

Tool (SDT v1.2) (Muhire et al., 2013) to obtain 

pairwise nt sequence identities. The muscle algorithm 

was used for sequence comparison and the 

comparative plots were created in three-color mode 

with cut-off value set at 91%. The evolutionary 

inferences were obtained by constructing 

phylogenetic dendrograms in Mega7 software using 

neighbor-joining (NJ) algorithm and maximum 

likelihood model (Kumar et al., 2016). The integrity 

of the phylogenetic trees was tested by bootstrap 

method with 1000-bootstrap iterations. 

3. Results and Discussion  

3.1. Plant Screening and Sample Collection 

During the growing season of 2016-17 some T. 

cucumerina plants were found showing typical 

begomovirus symptoms of stunted growth, leaf 

yellowing and mottling in an open field in the vicinity 

of Al-Ahsa region, Kingdom of Saudi Arabia. The 

presence of heavy whitefly infestation and plant 

symptoms pointed towards begomovirus infection in 

the plants. For confirmation, four (including three 

symptomatic and one asymptomatic)  plants were 

randomly selected from the field and were subjected 

to DNA extraction in the College of Agriculture and 

Food Science, King Faisal University, Al-Ahsa, Saudi 

Arabia. Total genomic DNA was extracted from one 

asymptomatic plant T0 and three symptomatic 

samples T1, T2 and T3. Using universal primers the 

partial DNA-A and DNA-B components were 

successfully amplified for suspected begomovirus/es. 

The consecutive attempts were failed to amplify any 

associated DNA-satellites using universal primers 

UN101/UN102 (Bull et al., 2003) and Beta01/Beta02 

(Briddon et al., 2002) for alphasatellite and 

betasatellite, respectively. However, the PCR using 

universal primers AC1048/AV494 and 

PCRc1/PBL1v2040 yielded ~500 and ~600 bp 

fragments, respectively. The asymptomatic plant 

sample could not produce any amplification.  

3.2. Sequencing and Sequence Analysis of 

Partial DNA-A Component 

The PCR amplicons corresponding to the CP 

region of begomoviruses from two symptomatic 

plants T1 and T2 were selected for cloning into the 

pGemT-easy PCR cloning vector. After bacterial 

transformation and cloning, two clones T1-1 and T1-

2 from the plant T1 whereas, two clones T2-1 and T2-

2 from the plant T2 were selected for sequencing. An 

initial sequence analysis in NCBI GenBank database 

showed that all four clones represented typical 

begomovirus partial CP region. The top most similar 

sequences were retrieved and were further employed 

for SDT and phylogenetic analysis. The SDT analysis 

revealed that all four clones were 92.5-97.7% 

identical to each other whereas, three clones T1-1, 

T2-1 and T2-2 shared the highest nt sequence 

identities at 97.7, 97.1 and 97.4% respectively to 

WmCSVDNA-A (JN618984) identified from squash 

in Oman (Fig. 2A). Nevertheless, the clone T1-2 

shared the highest nt sequence identity with WmCSV 

isolate (KC462552) identified from watermelon in 

Palestine (Fig. 2A).    

https://www.ncbi.nlm.nih.gov/
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Fig. 2. Pairwise nucleotide (nt) sequence identities of the partial DNA-A (A) and DNA-B (B)with the retrieved 

sequences from the NCBI GenBank database, respectively. 
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Fig. 3.The phylogenetic dendrograms showing evolutionary relationships of watermelon chlorotic stunt virus 

(WmCSV) compoennts. The phylogenetic trees were constructed for the coat protein (CP) of DNA-A (A) of 

WmCSV isolates with the selected begomovirus sequences retrieved from NCBI GenBank database. Furthermore, 

the WmCSV clade was resolved to reveal the diversification of begomovirus isolates in this study (A1). The software 

Mega7 was used to inferr the molecular evolutionary genetic analysis with neighbor joining algorithm. The isolates 

identified in this study are shown in white text on a black background. The numberic branch nodes are showing 

percent (%) bootstrap values more than 60% with 1000 replicates and the nt substitutions have been shown as 

horizontal lines. The viral isolates were named and abbreviated as per suggestions from the International Committee 

for Taxonomy of Viruses (ICTV). Beet curly top virus (BCTV) DNA-A and DNA-B seqeucnes were used as an out-

group to root the tree, respectively. Begomovirus acronyms used are African cassava mosaic virus (ACMV), cucurbit 

leaf curl virus (CuLCV), melon chlorotic leaf curl virus (MCLCV), mungbean yellow mosaic India virus (MYMIV), 

pepper yellow leaf curl Indonesia virus (PeYLCIV), potato yellow mosaic virus (PYMV), squash leaf curl virus 

(SLCV), squash leaf curl China virus (SLCCV), tomato leaf curl Burkina Faso virus (TLCBFV), tomato leaf curl 

New Delhi virus (TLCNDV),tomato leaf curl Uganda virus (TLCUV), tomato yellow leaf curl virus (TYLCV), 

tomato yellow margin leaf curl virus (TYMLCV), tomato yellow spot virus (ToYSV) andwatermelon chlorotic stunt 

virus (WmCSV). 
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The phylogenetic dendrogram also grouped all 

four isolates together with other WmCSV isolates 

reported previously into a well-supported clade with 

99% bootstrap value (Fig.3A). Moreover, when 

WmCSV clade was further resolved by using only 

WmCSV isolates the four clones in this study 

grouped monophyletically making a separate branch 

from WmCSV isolates reported so far (Fig.3A1). It 

indicates that the diversity of WmCSV is probably 

very high in the Middle-Eastern countries (Lapidot et 

al., 2014).Thus, it can be speculated that the WmCSV 

isolates reported from Saudi Arabia are quite distinct 

and have different evolutionary origin. The spread of 

WmCSV in the cucurbit fields might be due to the 

exchange of infected vegetative plant materials or 

through the viruliferous whitefly vectors from the 

neighboring countries. The dominating whitefly 

species in the Al-Ahsa region in the Eastern Saudi 

Arabia is the Middle-East Asia Minor 1 (previously 

called B-biotype) (Alhudaib et al., 2014). However, 

in the Western border regions with Yemen the 

Mediterranean species (previously called Q-biotype) 

is the most dominating whitefly species (Ragab, 

2013). Thus, it is speculated that the spread of these 

distinct isolates of WmCSV is due to the diverse 

whitefly population in this region, particularly in the 

Eastern province. 

3.2. Sequencing and Sequence Analysis of 

Partial DNA-B Component  

Besides, three clones T1-B35, T2-B36 and T2-

B37 were also selected for sequencing from plants T1 

and T2, respectively. The sequencing analysis 

revealed that all three clones represent DNA-B 

component of WmCSV isolate. These three clones 

were 98.1-99.5% identical to each other whereas, they 

shared the maximum nt sequence identities of 94.2-

95.8% with three WmCSV isolates reported from Iran 

(KT272770) and Oman (JN618980 and HG969288), 

respectively (Fig. 2B). The phylogenetic dendrogram 

also grouped these clones together into a well-

supported (100% bootstrap value) clade with other 

previously reported isolates of WmCSV DNA-B 

(Fig.3B).  

Begomoviruses have been increasing their host 

range from weeds (Kyallo et al., 2017; Sohrab, 2017), 

crops (Barboza et al., 2018; Munir et al. 2018; Sahu 

et al., 2018), ornamental (Khatri et al., 2014; Kumari 

and Mishra, 2017; Marwal et al., 2014; Marwal et al., 

2018) aromatic, medicinal (Saeed and Samad, 2017) 

and the woody plants (Sattar et al., 2018). 
Diversification is the main force behind the 

begomovirus evolution and hence it is necessary to 

regularly carry out population diversity surveys 

(Islam et al., 2018; Kumar et al., 2017; Lima et al., 

2017; Mubin et al., 2019). The Middle-Eastern 

countries have faced two begomovirus invasions in 

cucurbit production during last couple of decades 

(Lapidot et al., 2014). These include squash leaf curl 

virus (SLCV) originated from the NW and WmCSV, 

which was originated in the OW. Both these invading 

begomoviruses are being established as epidemic in 

the cucurbit corps simultaneously in the Middle-East. 

The identification of WmCSV in various Middle-

Eastern countries and Saudi Arabia reflects that the 

virus inoculum is getting higher due to spread of 

more efficient whitefly vector in these regions 

(Alhudaib et al., 2014). The situation is becoming 

more alarming with the recent identification of 

WmCSV from watermelon (Al-Saleh et al., 2014) and 

T. cucumerina in the Saudi Arabia (present study). A 

most recent report of WmCSV from Mexico is also 

pointing towards the serious spread of WmCSV 

across the continents and around the world 

(Dominguez-Duran et al., 2018). Such begomovirus 

epidemic spreads are quite common between two 

different countries or even across the continents 

(Sattar et al., 2013; Sattar et al., 2017). Thus, a 

detailed survey of WmCSV is highly necessary to 

understand the population structure, amount of 

variability and the factors supporting the high 

diversity of WmCSV in this region. 

4. Conclusion  

Although T. cucumerina have been reported as a host 

to begomoviruses, this report presents the first 

identification of DNA-A and DNA-B of bipartite 

begomovirus WmCSV from the T. cucumerina plants 

in the Al-Ahsa region of Saudi Arabia. The results of 

present study further extend our knowledge about the 

existing etiology of WmCSV in the agro-climatic 

regions of Middle East. However, this study is a 

partial characterization of WmCSV from T. 

cucumerina plants thus, a detailed survey for the 

identification of full-length genomes of WmCSV is 

highly needed. Besides, the current situation, pattern 

of distribution and the host range of WmCSV in 

Saudi Arabia are also very important to be 

investigated for futuristic resistance strategies against 

this virus. 

List of Abbreviations: bp, base pair; CP, coat 

protein; CR, common region; cssDNA, circular, 

single-stranded DNA; CTAB, cetyletrimethyle 

ammonium bromide; NJ, neighbor-joining; nt, 

nucleotide; NW, new world; ORFs, open reading 

frames; OW, old world; RCA, rolling circle 
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amplification; SDT, species demarcation tool; SLCV, 

squash leaf curl virus; WmCSV, watermelon 

chlorotic stunt virus. 

Acknowledgements: The author is highly grateful to 

reviewers for their valuable comments and 

suggestions to improve this research article. 

References  
Abudy, A., T. Sufrin-Ringwald, C. Dayan-Glick, D. 

Guenoune-Gelbart, O. Livneh, M. Zaccai and M. 

Lapidot. 2010. Watermelon chlorotic stunt and 

Squash leaf curl begomoviruses-New threats to 

cucurbit crops in the Middle East. Isr J. Plant Sci. 

58(1): 33-42. 

Al-Aqeel, H.A., Z. Iqbal and J.E. Polston. 2018. 

Characterization of sida golden mottle virus 

isolated from Sida santaremensis Monteiro in 

Florida. Arch. Virol. 163(10): 2907–2911. 

Alhudaib, K.A., A.A.-S. Rezk, B.M.A. Abdel-Banat 

and A.M. Soliman. 2014. Molecular identification 

of the biotype of whitefly (Bemisia tabaci) 
inhabiting the eastern region of Saudi Arabia. J 

Biol Sci. 14(8): 494-500. 

Ali-Shtayeh, M.S., R.M. Jamous, O.B. Mallah and 

S.Y. Abu-Zeitoun. 2014. Molecular 

characterization of watermelon chlorotic stunt 

virus (WmCSV) from Palestine. Viruses-Basel. 

6(6): 2444-2462. 

Al-Musa, A., G. Anfoka, A. Al-Abdulat, S. Misbeh, F. 

Haj Ahmed and I. Otri. 2011. Watermelon 

chlorotic stunt virus (WmCSV): a serious disease 

threatening watermelon production in Jordan. 

Virus genes. 43(1): 79-89. 

Al-Saleh, M.A., M.H. Ahmad, I.M. Al-Shahwan, J.K. 

Brown and A.M. Idris. 2014. First report of 

watermelon chlorotic stunt virus infecting 

watermelon in Saudi Arabia. Plant Dis. 98(10): 

1451-1451. 

Ashraf, M.A., A.A. Shahid, A.Q. Rao, K.S. Bajwa 

and T. Husnain. 2014. Functional characterization 

of a bidirectional plant promoter from Cotton leaf 

curl burewala virus using an agrobacterium-

mediated transient assay. Viruses-Basel. 6(1): 

223-242. 

Barboza, N., M. Blanco-Meneses, P. Esker, E. 

Moriones and A.K. Inoue-Nagata. 2018. 

Distribution and diversity of begomoviruses in 

tomato and sweet pepper plants in Costa Rica. 

Ann. Appl. Biol. 172(1): 20-32. 

Briddon, R.W., B.L. Patil, B. Bagewadi, M.S. 

Nawaz-ul-Rehman and C.M. Fauquet. 2010. 

Distinct evolutionary histories of the DNA-A and 
DNA-B components of bipartite begomoviruses. 

BMC Evol. Bio.10: 97. 

Briddon, R.W., D.P. Martin, P. Roumagnac, J. Navas-

Castillo, E. Fiallo-Olivé, E. Moriones, J.-M. Lett, 

F.M. Zerbini and A. Varsani. 2018. 

Alphasatellitidae: a new family with two 

subfamilies for the classification of geminivirus- 

and nanovirus-associated alphasatellites. Arch. 

Virol. 163(9): 2587-2600. 

Briddon, R.W., S.E. Bull, S. Mansoor, I. Amin and 

P.G. Markham. 2002. Universal primers for the 

PCR-mediated amplification of DNA beta: a 

molecule associated with some monopartite 

begomoviruses. Mol. Biotechnol.20(3): 315-318. 

Brown, J.K., A.M. Idris, I. Torres-Jerez, G.K. Banks 

and S.D. Wyatt. 2001. The core region of the coat 

protein gene is highly useful for establishing the 

provisional identification and classification of 

begomoviruses. Arch. Virol. 146(8): 1581-1598. 

Brown, J.K., F.M. Zerbini, J. Navas-Castillo, E. 

Moriones, R. Ramos-Sobrinho, J.C.F. Silva, E. 

Fiallo-Olive, R.W. Briddon, C. Hernandez-Zepeda, 

A. Idris, V.G. Malathi, D.P. Martin, R. Rivera-

Bustamante, S. Ueda and A. Varsani. 2015. 

Revision of Begomovirus taxonomy based on 

pairwise sequence comparisons. Arch. Virol. 

160(6): 1593-1619. 

Bull, S.E., R.W. Briddon and P.G. Markham. 2003. 

Universal primers for the PCR-mediated 

amplification of DNA 1: a satellite-like molecule 

associated with begomovirus-DNA beta 

complexes. Mol. Biotechnol.23(1): 83-86. 

Dominguez-Duran, G., E.A. Rodriguez-Negrete, J.J. 

Morales-Aguilar, E. Camacho-Beltran, J.L. 

Romero-Romero, M.A. Rivera-Acosta, N.E. 

Leyva-Lopez, A. Arroyo-Becerra and J. Mendez-

Lozano. 2018. Molecular and biological 

characterization of watermelon chlorotic stunt 

virus (WmCSV): An Eastern Hemisphere 

begomovirus introduced in the Western 

Hemisphere. Crop Prot. 103: 51-55. 

Doyle, J.J., J.L. Doyle and L.B. Hortoriun. 1990. 

Isolation of plant DNA from fresh tissue. Focus. 

12: 13-15. 

Fiallo-Olive, E., R. Tovar and J. Navas-Castillo. 2016. 

Deciphering the biology of deltasatellites from the 

New World: maintenance by New World 

begomoviruses and whitefly transmission. New 

Phytol.212(3): 680-692. 

Hanley-Bowdoin, L., E.R. Bejarano, D. Robertson 

and S. Mansoor. 2013. Geminiviruses: masters at 

redirecting and reprogramming plant processes. 

Nat. Rev. Microbiol. 11(11): 777-788. 
Iqbal, Z., M.N. Sattar, A. Kvarnheden, S. Mansoor 

and R.W. Briddon. 2012. Effects of the mutation 



 Sattar, 2018. 17: 01-10. Journal of Environmental and Agricultural Sciences (ISSN: 2313-8629) 

(9) 

J
o
u

rn
a
l 

o
f 

E
n

v
ir

o
n

m
en

ta
l 

&
 A

g
ri

cu
lt

u
ra

l 
S

ci
e
n

ce
s 

(J
E

A
S

).
 V

o
lu

m
e 

1
7
  

of selected genes of cotton leaf curl Kokhran virus 

on infectivity, symptoms and the maintenance of 

cotton leaf curl Multan betasatellite. Virus Res. 

169(1). 107-116. 

Islam, W., W. Lin, S.U. Islam, M. Arif, X. Li, Y. 

Yang, X. Ding, Z. Du and Z. Wu. 2018. Genetic 

diversity of begomoviruses in Pakistan captured 

through a vector based survey. Microb. 

Pathogenesis. 118: 91-97. 

Khan, A.J., S. Akhtar, R.W. Briddon, U. Ammara, 

A.M. Al-Matrooshi and S. Mansoor. 2012. 

Complete nucleotide sequence of watermelon 

chlorotic stunt virus originating from Oman. 

Viruses. 4(7): 1169-1181. 

Khatri, S., N. Nahid, C.M. Fauquet, M. Mubin and 

M.S. Nawaz-ul-Rehman. 2014. A betasatellite-

dependent begomovirus infects ornamental rose: 

characterization of begomovirus infecting rose in 

Pakistan. Virus Genes. 49(1): 124-131. 

Kumar, S., G. Stecher and K. Tamura. 2016. MEGA7: 

Molecular evolutionary genetics analysis version 

7.0 for bigger datasets. Mol. Biol. Evol. 33(7): 

1870-1874. 

Kumar, V.R., D. Singh, A.K. Singh and S. 

Chakraborty. 2017. Molecular diversity, 

recombination and population structure of 

alphasatellites associated with begomovirus 

disease complexes. Infect. Genet. Evol. 49: 39-47. 

Kumari, S. and M. Mishra. 2017. Begomoviruses 

Associated with Horticultural Crops. In: Saxena, 

S., Tiwari, A.K. (Eds.), Begomoviruses: 

Occurrence and Management in Asia and Africa. 

Springer Singapore,, p. 93-109. 

Kyallo, M., E.M. Ateka, P. Sseruwagi, J.T. Ascencio-

Ibáñez, M.-O. Ssemakula, R. Skilton and J. 

Ndunguru. 2017. Infectivity of Deinbollia mosaic 

virus, a novel weed-infecting begomovirus in East 

Africa. Arch. Virol. 162(11): 3439-3445. 

Lapidot, M., D. Gelbart, A. Gal-On, N. Sela, G. 

Anfoka, F.H. Ahmed, Y. Abou-Jawada, H. Sobh, 

H. Mazyad, A.A.E. Aboul-Ata, A.K. El-Attar, 

M.S. Ali-Shtayeh, R.M. Jamous, J.E. Polston and 

S. Duffy. 2014. Frequent migration of introduced 

cucurbit-infecting begomoviruses among Middle 

Eastern countries. Virol J. 11: 181. 

Leke, W.N., D.B. Mignouna, J.K. Brown and A. 

Kvarnheden. 2015. Begomovirus disease complex: 

emerging threat to vegetable production systems 

of West and Central Africa. Agric. Food Security. 

4(1): 1. 

Lima, A.T.M., J.C.F. Silva, F.N. Silva, G.P. Castillo-
Urquiza, F.F. Silva, Y.M. Seah, E.S.G. Mizubuti, 

S. Duffy and M.F. Zerbini. 2017. The 

diversification of begomovirus populations is 

predominantly driven by mutational dynamics. 

Virus Evo. 3(1): vex005. 

Liyanage, R., H. Nadeeshani, C. Jayathilake, R. 

Visvanathan and S. Wimalasiri. 2016. 

Comparative analysis of nutritional and bioactive 

properties of aerial parts of snake gourd 

(Trichosanthes cucumerina Linn.). Int. J. Food 

Sci.2016:8501637. 

Malathi, V.G. 2017. Begomovirus: An Introduction. 

In: Saxena, S. and A.K. Tiwari (Eds.), 

Begomoviruses: Occurrence and Management in 

Asia and Africa. Springer Singapore, Singapore, p. 

3-9. 

Marwal, A., A.K. Sahu and R.K. Gaur. 2014. First 

report of airborne begomovirus infection in Melia 

azedarach (Pride of India), an ornamental tree in 

India. Aerobiologia. 30(2): 211-215. 

Marwal, A., M. Mishra, R. Verma, R. Prajapat and 

R.K. Gaur. 2018. In Silico Study of the 

Geminiviruses Infecting Ornamental Plants. In: 

Choudhary, D.K., Kumar, M., Prasad, R., Kumar, 

V. (Eds.), In Silico Approach for Sustainable 

Agriculture. Springer Singapore, p. 69-90. 

Mubin, M., R.W. Briddon and S. Mansoor. 2019. The 

V2 protein encoded by a monopartite 

begomovirus is a suppressor of both post-

transcriptional and transcriptional gene silencing 

activity. Gene. 686: 43-48. 

Muhire, B., D.P. Martin, J.K. Brown, J. Navas-

Castillo, E. Moriones, F.M. Zerbini, R. Rivera-

Bustamante, V.G. Malathi, R.W. Briddon and A. 

Varsani. 2013. A genome-wide pairwise-identity-

based proposal for the classification of viruses in 

the genus Mastrevirus (family Geminiviridae). 

Arch. Virol. 158(6): 1411-1424. 

Munir, S., M. Khurshid, H. Kanwal, M. Hussain, 

M.N. Sattar, I. Ali, A. Rehman and Z. Iqbal. 2018. 

Identification of pedilanthus leaf curl virus and 

associated betasatellite infecting turnip in Pakistan. 

J. Plant Pathol. 100(2): 317-321. 

Qurashi, F., M.N. Sattar, Z. Iqbal and M.S. Haider. 

2017. First report of cherry tomato leaf curl virus 

and associated DNA satellites infesting an 

invasive weed in Pakistan. J. Plant Pathol. 99(1): 

267-272. 

Ragab, A.I. 2013. Genetic variability of the whitefly 

Bemisia tabaci and its secondary endosymbionts 

in the Arabian Peninsula, King Abdullah 

University of Science and Technology (KAUST). 

Rey, M.E.C., J. Ndunguru, L.C. Berrie, M. Paximadis, 
S. Berry, N. Cossa, V.N. Nuaila, K.G. Mabasa, N. 

Abraham, E.P. Rybicki, D. Martin, G. Pietersen 



 Sattar, 2018. 17: 01-10. Journal of Environmental and Agricultural Sciences (ISSN: 2313-8629) 

(10) 

J
o
u

rn
a
l 

o
f 

E
n

v
ir

o
n

m
en

ta
l 

&
 A

g
ri

cu
lt

u
ra

l 
S

ci
e
n

ce
s 

(J
E

A
S

).
 V

o
lu

m
e 

1
7
  

and L.L. Esterhuizen. 2012. Diversity of 

dicotyledenous-infecting geminiviruses and their 

associated DNA molecules in Southern Africa, 

including the South-West Indian Ocean Islands. 

Viruses. 4(9): 1753. 

Rojas, M.R., M.A. Macedo, M.R. Maliano, M. Soto-

Aguilar, J.O. Souza, R.W. Briddon, L. Kenyon, 

R.F.R. Bustamante, F.M. Zerbini, S. Adkins, J.P. 

Legg, A. Kvarnheden, W.M. Wintermantel, M.R. 

Sudarshana, M. Peterschmitt, M. Lapidot, D.P. 

Martin, E. Moriones, A.K. Inoue-Nagata and R.L. 

Gilbertson. 2018. World management of 

geminiviruses. Ann. Rev. Phytopathol. 56(1): 637-

677. 

Rojas, M.R., R.J. Gilbertson, D.R. Russell and D.P. 

Maxwell. 1993. Use of degenerate primers in the 

polymerase chain-reaction to detect whitefly-

transmitted geminiviruses. Plant Dis. 77(4): 340-

347. 

Roshan, P., A. Kulshreshtha and V. Hallan. 2017. 

Genome Organization of Begomoviruses. In: 

Saxena, S. and A.K. Tiwari (Eds.), 

Begomoviruses: Occurrence and Management in 

Asia and Africa. Springer Singapore, p. 11-32. 

Saeed, F., M.N. Sattar, U. Hameed, M. Ilyas, M.S. 

Haider, M. Hamza, S. Mansoor and I. Amin. 2018. 

Infectivity of okra enation leaf curl virus and the 

role of its V2 protein in pathogenicity. Virus Res. 

255: 90-94. 

Saeed, S.T. and A. Samad. 2017. Emerging threats of 

begomoviruses to the cultivation of medicinal and 

aromatic crops and their management strategies. 

Virus Dis. 28(1): 1-17. 

Sahu, A.K., R.K. Verma, R.K. Gaur and N. Sanan-

Mishra. 2018. Complexity and recombination 

analysis of novel begomovirus associated with 

Spinach yellow vein disease in India. Plant Gene. 

13: 42-49. 

Sattar, M.N. 2012. Diversity and interactions of 

begomoviruses and their associated DNA-

satellites, PhD Thesis, Swedish University of 

Agricultural Sciences. 

Sattar, M.N., A. Kvarnheden, M. Saeed and R.W. 

Briddon. 2013. Cotton leaf curl disease - an 

emerging threat to cotton production worldwide. J. 

Gen. Virol. 94: 695-710. 

Sattar, M.N., F. Qurashi, Z. Iqbal and M.S. Haider. 

2018. Molecular characterization of ageratum 

enation virus and DNA-satellites associated with 

yellowing and leaf curl symptoms on mulberry in 

Pakistan. Can. J. Plant Pathol. 40(3):442-449. 

Sattar, M.N., Z. Iqbal, M.N. Tahir and S. Ullah. 2017. 

The prediction of a new CLCuD epidemic in the 

Old World. Front. Microbiol. 8: 631. 

Silva, J.C.F., T.F.M. Carvalho, M.F. Basso, M. 

Deguchi, W.A. Pereira, R.R. Sobrinho, P.M.P. 

Vidigal, O.J.B. Brustolini, F.F. Silva, M. Dal-

Bianco, R.L.F. Fontes, A.A. Santos, F.M. Zerbini, 

F.R. Cerqueira and E.P.B. Fontes. 2017. 

Geminivirus data warehouse: a database enriched 

with machine learning approaches. BMC 

Bioinformatics. 18(1): 240. 

Sohrab, S.S. 2017. Current Status of Begomoviruses 

Infecting Cultivated Crops and Weeds in Saudi 

Arabia. In: Saxena, S. and A.K. Tiwari (Eds.), 

Begomoviruses: Occurrence and Management in 

Asia and Africa. Springer Singapore, p. 219-228. 

Walkey, D.G.A., A.A. Alhubaishi and M.J.W. Webb. 

1990. Plant-virus diseases in the Yemen-Arab-

Republic. Trop. Pest Manage. 36(3): 195-206. 

Zerbini, F.M., R.W. Briddon, A. Idris, D.P. Martin, E. 

Moriones, J. Navas-Castillo, R. Rivera-

Bustamante, P. Roumagnac, A. Varsani and I.R. 

Consortium. 2017. ICTV virus taxonomy profile: 

Geminiviridae. J. Gen. Virol. 98(2): 131-133. 

Zhou, X. 2013. Advances in understanding 

begomovirus satellites. Ann. Rev. Phytopathol. 51: 

357-381. 

Zubair, M., S.S.-e.-A. Zaidi, S. Shakir, M. Farooq, I. 

Amin, J.A. Scheffler, B.E. Scheffler and S. 

Mansoor. 2017. Multiple begomoviruses found 

associated with cotton leaf curl disease in Pakistan 

in early 1990 are back in cultivated cotton. Sci. 

Rep. 7(1): 680. 

INVITATION TO SUBMIT ARTICLES:  

Journal of Environmental and Agricultural Sciences (JEAS) (ISSN: 2313-8629) is an Open Access, Peer Reviewed 

online Journal, which publishes Research articles, Short Communications, Review articles, Methodology articles, 

Technical Reports in all areas of Biology, Plant, Animal, Environmental and Agricultural Sciences. For 

manuscript submission and information contact editor JEAS at dr.rehmani.mia@hotmail.com. 

Online Submission System http://www.agropublishers.com 

Follow JEAS at Facebook: https://www.facebook.com/journal.environmental.agricultural.sciences 

Join LinkedIn Group: https://www.linkedin.com/groups/8388694 

mailto:dr.rehmani.mia@hotmail.com
http://www.agropublishers.com/
https://www.facebook.com/journal.environmental.agricultural.sciences
https://www.linkedin.com/groups/8388694

