
 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ABSTRACT  
 

The emerging begomoviruses in the Sultanate of Oman, 

containing single-stranded circular DNA genome belongs 

to the family Geminiviridae are the phytopathogens 

transmitted by whitefly (Bemisia tabaci Genn.). Recently, 

Oman has been shown to be a sink of begomoviruses, 

resulted in significant yield losses in variety of Omani 

crops. The research on begomovirus has mainly involved 

the molecular characterization of the viruses, their 

phylogenetic analyses, infectivity’s on host plants, DNA 

replication, transgenic resistance, promoter analysis and 

development of virus-based gene silencing vectors. This 

article mainly focused on the emerging begomovirus 

diseases in different crops, in the last 7 years in Oman 

and focused major future areas of begomovirus research 

that need more attention.  
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Review Article 

EMERGING BEGOMOVIRUS DISEASES TRANSMITTED BY WHITEFLIES IN THE 
SULTANATE OF OMAN 

 

I. INTRODUCTION 

Begomoviruses are either monopartite with a single 
genome (DNA-A) or bipartite (DNA-A and DNA-B) 
genome approximately 2.7kb in size, encapsidated in 
geminate particles (Fig.1). DNA-A encodes the proteins 
required for replication, transcription and encapsidation 
(Hanley-Bowdoin et al. 1999 and Rojas et al. 2005). And 
DNA-B encodes the proteins required for intra- and 
intercellular movement.  

Begomoviruses (type species: Bean golden mosaic virus) 
are phytopathogens transmitted by whitefly, Bemisia 
tabaci Genn. belongs to the family Geminiviridae. Based 
on the genome organization, insect vector, and host 
range, the family Geminiviridae have been divided into 
four genera: Begomovirus, Mastrevirus, Curtovirus and 
Topocuvirus (Khan and Akhtar 2014a, Brown et al. 2012). 
Different aspects of the Family Geminiviridae have been 
comprehensively reviewed earlier (Gutierrez 1999, 
Gutierrez 2000, Mansoor et al. 2003 and Jeske 2009). 
Begomoviruses are the largest group of the family 
Geminiviridae. They are major threat to large number of  



 

 

  

dicotyledonous plants in tropical, sub-tropical and warm 
temperate regions (Nawaz-ul-Rehman et al. 2010). 
 
The DNA-A and DNA-B components are arranged in two 
separate clusters of open reading frames (ORFs), separated 
by an intergenic region (common region, CR). The CR 
 

 
 
contains conserved sequences between both DNA 
components and it contains the origin of replication 
(Hanley-Bowdoin et al. 1999 and Rojas et al. 2005). 
 

Based on complete nucleotide sequences of the 
DNA-A of bipartite and the complete single-component 
DNA of monopartite begomoviruses, the International 
Committee on the Taxonomy of Viruses (ICTV) has 
recommended a classification and scheme of nomenclature. 
In accordance with the ICTV species demarcation criterion 
for the genus Begomovirus is ≥91 % sequence identity for 
the complete DNA-A. The name of each virus include, the 
host plant, common symptoms and also reflect the year and 
location of collection (Fauquet et al. 2008, Fauquet et al. 
2000). Viral infections trigger a series of defence responses 
in plants, manifested by specific degradation of the invading 
viral RNA into small fragments (siRNA), a response known as 
RNA-interference (RNAi). This defence response is 
conserved in many organisms and the components 
participating in this response share a high degree of 
homology. It is now believed that successful viral infection 
results only upon suppression of this defence response by 
specific viral proteins, known as RNAi suppressors. RNAi 
suppressor activities have been discovered in several 
begomoviral gene products (reviewed by Voinnet 2005). 
RNAi based resistance in transgenic tomato plants against 
Tomato yellow leaf curl virus-Oman (TYLCV-OM) along with 
its betasatellite were shown by Ammara et al. (2015). 
 

Monopartite begomoviruses are mostly associated 
with one or more DNA beeta satellite components (~1.4 kb 
in size). Two types of satellite DNAs (the alphasatellites and 
betasatellites) are known. The alphasatellites encode their 
own replication-associated protein and are believed to have 
originated from the nanoviruses. Whereas, on the other 
hand the betasatellites do not code for any replication-
associated proteins and have a single ORF (βC1). The alpha- 
and betasatellites are helping in replication and often 
reduce the symptoms produced by the helper virus 
components (DNA-A and DNA-B) (Idris et al. 2011). Beta 
satellites are dependent on the DNA-A component for 
replication, encapsidation, and movement within plants 
(Briddon et al. 2006, Jose and Usha 2003 and Saunders et 
al. 2004). 
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Genetic resistance against plant viruses, if 
available in the germplasm, is considered to be the one 
of the most efficient ways to control viral infections. The 
genes conferring such resistance phenotypes can be 
transferred to cultivated varieties by breeding, often 
assisted by molecular markers. Against begomoviruses, 
very few resistance genes are known, the most 
important of them being the Ty series of genes available 
in wild tomato (Solanum chilense) against Tomato 
yellow leaf curl virus (TYLCV), a begomovirus infecting 
cultivated tomato, mainly in the Mediterranean 
countries. However, although the above gene and its 
alleles have been introgressed into commercial tomato 
cultivars for TYLCV resistance, convenient molecular 
tools for its widespread use are not yet available 
(Verlaan et al. 2011). Transgenic resistance against 
begomoviruses has been achieved in a number of plants 
using a variety of strategies. The strategies include 
expressing proteins of viral origin (CP, Rep and its 
derivatives and TrAP), expressing nonviral proteins 
having an anti-viral effect (toxic protein dianthin, 
antibodies raised against viral CP), DNA interference 
involving defective viral DNAs and RNAi against viral 
transcripts (reviewed by Vanderschuren et al. 2007). 
More recently, novel resistance approaches, such as 
expressing the GroEL chaperon protein of bacterial 
endosymbionts, which protects the begomoviral particle 
from degradation within the vector whiteflies, in the 
phloem tissue of tomato plants, have resulted in the 
viral particles getting trapped within the plants, thereby 
resulting in resistance (Akad et al. 2007). The emerging 
threat of the viruses belonging to the genus 
Begomovirus has been extensively addressed earlier by 
Varma and Malathi (2003). The extent of yield loss 
caused by some geminiviruses has been estimated by 
Dasgupta et al. (2003) to be as high as 100%. Up to 96% 
loss in yield has been reported by Bhendi yellow vein 
mosaic virus (Pun and Doraiswamy 1999). In legumes, 
the yield losses have been estimated to be 
approximately $300 million per year taking blackgram, 
mungbean and soybean together (Varma and Malathi 
2003). 
 

Oman has been a network for begomoviruses 
from diverse geographic origins (Khan et al. 2014b). 
With their proclivity to do recombination, a major 
mechanism for evolution of these viruses, and because 
Oman (and many other Arabian countries) is a major 
focal point for trade and travel by air and sea, the 
possibility of transmission is increasing (Khan et al. 
2013a). The virus generates new, virulent strains 
through recombination. This region of the Middle East 
has extensive trade/travel links with the rest of the 
world, so the chances of this virus spreading are high. 
The substantial revenue losses and socio economic 
improvement warrants efforts to study and devise long-
term strategies for management of the devastating 
viruses to provide sustainable and profitable outcome, 
without major inputs of insecticides. Whitefly 
transmitted  leaf curl is one of the most devastating viral 
disease of cultivated crops like tomato, sweet pepper, 
chilli, squash, melon, cucumber and other important 
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vegetable crops in Oman (Khan et al. 2012b). Yield losses of these crops can vary from 0 – 100% depending on management 
practices (such as using shade houses, pesticides to avoid incidence of whitely vectors) which were recorded in Nizwa, Al-
Batinah, Musandam, Bureimi, Salalah and Interior regions of Oman. 
 

Within the last 7 years, a few number of begomoviruses have been investigated in Oman, encompassing many 
economically important root crops and vegetables. More recently, research in Oman are focusing on only molecular 
characterization of these viruses which just a preliminary step to develop a strategy to fight against these important plant 
viruses and subsequently their resistance. Hence, more work needs to be undertaken like, functions of viral proteins, the 
molecular interactions between begomoviruses and their hosts, natural and experimental, virus-derived transgenic 
resistance and associated satellites, to gain insights on the molecular cross-talk, which might throw light on newer and 
hitherto unexplored aspects of their biology and reveal novel approaches for their control and management. Considering the 
importance of begomoviruses to Oman agriculture, the salient research achievements related to begomoviruses, carried out 
in Oman in the last approximately 7 years, have been reviewed here and the possible directions in which future efforts could 
be channeled to manage these viral diseases more effectively have been pointed out. 
 
II. BEGOMOVIRUS RESEARCH IN OMAN 
 
Only the preliminary research work has been carried out, such as, sequence analysis, phylogeny and infectivity on the 
begomoviruses in Oman. Till date, begomoviruses have been reported from at 6 different groups of crop in Oman (Table.1). 
This review collates the research work performed in Oman, focusing on the above aspects. They are described in the 
alphabetical order of their major hosts below. 
 

Table.1 Molecular studies of important begomoviruses in Oman 
 

Name of the virus Acronym 
Strain found in 

Oman 
Crop 

infected 
Symptoms produced Reference(s) 

East African 

cassava mosaic 

Zanzibar virus 

EACMZV EACMZV Cassava symptoms typical of CMD 
Khan et al. 

(2013a) 

Chili leaf curl 

virus 
ChLCV ChLCV-OM 

Tomato, 

Pepper 

yellowing, leaf curling, stunting 

and shortening of internodes 

Khan et al. 

(2013a) 

Cotton leaf curl 

Gezira virus 
CLCuGV CLCuGV Papaya 

Leaves with severe curling, vein 

darkening, and vein thickening 

Khan et al. 

(2012a) 

Okra leaf curl 

Oman virus 
OLCOMV OLCOMV Okra 

Vein clearing, yellowing, 

reduced leaf lamina and fruit size 

Akhtar et al. 

(2013b) 

Tomato leaf curl 

Sudan virus 
ToLCSDV ToLCSDV-OM Tomato 

Vein clearing, stunting; infection 

at the seedling stage can make 

plants sterile 

Khan et al. 

(2014c) 

Tomato leaf curl 

Al-Batinah virus 
ToLCABV ToLCABV Tomato 

Vein clearing, stunting; infection 

at the seedling stage can make 

plants sterile 

Khan et al. 

(2013b) 

Tomato leaf curl 

Barka virus 
ToLCBrV ToLCBrV Tomato 

Vein clearing, stunting; infection 

at the seedling stage can make 

plants sterile 

Khan et 

al.(2013b) 

Tomato leaf curl 

Oman virus 
ToLCOMV ToLCOMV Tomato 

Vein clearing, stunting; infection 

at the seedling stage can make 

plants sterile 

Idris et al.  

(2012) 

Tomato yellow leaf 

curl virus 
TYLCV TYLCV-OM Tomato 

yellowing, leaf curling, stunting 

and shortening of internodes 

Khan et al. 

(2008) 

Watermelon 

chlorotic stunt 

virus 

WmCSV WmCSV Squash 
leaf curling, yellowing and 

stunting 

Khan et al. 

(2012b) 

 



 
 

  

2.1 CASSAVA 
 
Oman is growing cassava on a small scale for the local 
consumption, unlike other Arabian countries. In Oman, 
wilayat A'Seeb, Muscat, cassava plants were identified with 
the symptoms Cassava Mosaic Disease. East African cassava 
mosaic Zanzibar virus (EACMZV), was isolated from 
symptomatic plants, which was previously occur only in 
Zanzibar and Kenya (Khan et al. 2013a). 
 
2.2 CUCURBITS 
 
Squash (Cucurbita moschata) collected from an 
experimental field in Oman was found to show the  typical 
symptoms of begomoviruses such as yellowing, leaf curling 
and stunting. Watermelon chlorotic stunt virus (WmCSV) is 
a bipartite begomovirus infects and causes economic losses 
to plants of the family Cucurbitaceae, across the Middle 
East. From these symptomatic plant leaves, DNA was 
extracted, cloned and sequenced. It showed 97.6-99.9% 
nucleotide sequence identity with DNA-A and 93-98% 
identity with DNA-B component of WmCSV isolates (Khan et 
al. 2012c). Agro-inoculation of these clones in Nicotiana 
benthamiana showed the symptoms fifteen days post 
inoculation (Khan et al. 2012c). This was the first report of 
bipartite begomovirus identified in Oman showing the 
highest levels of sequence identity to a WmCSV isolate of 
Iran. 
 
2.3 OKRA 
 
In symptomatic plants of okra from Barka, Al-Batinah region 
of Oman, a begomovirus and associated beta and alpha-
satellites were identified. Okra leaf curl disease (OLCD) is 
caused by begomovirus-satellite complexes. After sequence 
analysis, they showed to be a new begomovirus and very 
similar to Cotton leaf curl Gezira virus (CLCuGeV). With  
CLCuGeV isolate it showed <85% nts sequence identity and 
named as Okra leaf curl Oman virus (OLCOMV) (Khan et al. 
2013b). Further analysis revealed that the OLCOMV is a 
recombination of CLCuGeV isolates with Tomato yellow leaf 
curl virus-Oman (TYLCV-OM). An unique alpha- and a 
betasatellite were also identified in the same plant sample. 
However, although the betasatellite showed to be of African 
origin and the alphasatellite showed to be a South Asian 
origin. New naturally occurring recombinant begomovirus 
variants (total five; >96% shared nt identity) were reported 
in tomato plants from Gezira, Sudan, and found to be 
isolates of the ToLCSDV Shambat strain (Mohammed et. al. 
2014). This is the first report of a satellite DNA complex 
from okra in Oman (Khan et al. 2013b). 
 
2.4 PAPAYA 
 
The severly infected leaf curl diseases Papaya were 
collected in the Quriyat region of Oman. Papaya is one of 
the important fruit crop grown in Oman with the production 
of 20 tonnes per year. Total nucleic acids extracted from 
symptomatic leaves, cloned and sequenced. Sequence 
analysis showed the Pap-2 isolate have 83.3 to 95.1% 
sequence identity to CLCuGeV sequences. According to 
ICTV, the virus identified in Oman is a variant of CLCuGeV. 
CLCuGeV is a begomovirus of African origin which is  
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different from the Middle East and Asia origin 
begomoviruses (Khan et al. 2012a).   

The recombinantion of CLCuGeV with Tomato yellow leaf 
curl virus isolate from Iran (Pierre et al. 2010), the 
association of CLCuGeV with cotton in Pakistan 
(Muhammad et al. 2011) and hollyhock in Jordan 
(GU945265) revealed, this virus has migrated into the 
Middle East and Asia from Africa. The identified CLCuGeV in 
Oman shows the widespread presence of this virus species 
(Khan et al. 2012a). 

2.5 PEPPER 

A virus, Chili leaf curl virus (ChLCV) and associated 
betasatellites were found associated with tomato and 
pepper diseases in vegetable grown areas of  Oman which is 
previously only identified in the Indian subcontinent. Total 
19 full-length begomovirus and 8 betasatellite clones were 
sequenced. Pepper is grown in Oman in a large scale for 
local consumption. Sequence analysis to sequences 
available in the databases showed the highest levels of 
nucleotide sequence identity (88.0-91.1%) to isolates of the 
"Pakistan" strain of ChLCV (ChLCV-PK), suggesting a new 
strain (ChLCV-OM). The betasatellite sequences showed 
high levels of identity to a previously identified Oman 
isolate tomato leaf curl betasatellite (ToLCB). ChLCV-OM is 
first identified in Capsicum in Oman (Khan et al. 2013c). 
Agroinoculation studies showed the symptoms induced by 
the virus in the presence of the betasatellite was enhanced.  

2.6 TOMATO 

Symptomatic leaves were collected, total nucleic acids were 
extracted, full length viral genome were cloned and 
sequenced. During the winter season, tomato is cultivated 
in a large scale in Al-Batinah region in Oman. Sequence 
analysis showed that the virus from Oman was closely 
related to TYLCV-IR at 91% nt identity which is a 
monopartite begomoviral species from Iran. Oman isolate 
has been designated TYLCV-OM and is considered an isolate 
of TYLCV-IR. The sequence analysis of satellite DNA showed 
that it  shared 88.5% similarity with DNA beta molecules 
from Pakistan and this is the first report of a satDNA beta 
associated with the TYLCV species. The TYLCV-Om and 
associated alfa and beta satellite reported, thus represent a 
begomovirus-complex at the Asian-Middle East (Khan et al. 
2008). This alphasatellite shared 90 % nucleotide identity to 
an unusual DNA-2-type Ageratum yellow vein Singapore 
alphasatellite (AYVSGA). ToLCOMV was found to have a 
recombinant of TYLCV-OM and Papaya leaf curl virus from 
the Indian subcontinent. 

Begomoviruses are major threat for tomato crops in Oman. 
Out of 15 clones, the sequence analysis, seven were shown 
to be Tomato yellow leaf curl virus strain Oman (TYLCV-
OM); three, Chili leaf curl virus strain Oman (ChLCV-OM); 
and one, Tomato leaf curl Oman virus (ToLCOMV). Four 
sequences showed to be a new species and named as 
Tomato leaf curl Al-Batinah virus (ToLCABV). ToLCABV 
shown to be a recombinant of ChLCV-OM and ToLCOMV 
(Khan et al. 2014b). Agro-inoculation studies showed, To 
LCABV interacted inplanta with ToLCB (Khan et al. 2013c). 
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Agroinoculation studies with different possible 
combinations of ToLCOMV, TYLCV-OM, ToLCB and AYVSGA 
showed attenuation of begomovirus-betasatellite symptoms 
by the unusual class of alphasatellites, which suggest that 
some DNA-2 alphasatellites encode a pathogenicity 
determinant that may modulate begomovirus-betasatellite 
infection by reducing betasatellite DNA accumulation. (Idris 
et al. 2011) 

III.         CONCLUSION AND FUTURE PROSPECTS 

Still there is a urgent need to explore the diversity of 
begomoviruses occurring in Oman, to identify the 
predominant virus(es) infecting economically important 
edible and medicinal plants, their molecular 
characterization. Till date, only few number of 
begomoviruses have been reported from Oman (Table.1). 
The prevalence of these viruses probably in part due to its 
warm tropical climate supporting the year-round survival of 
the whitefly vector and different types of crop cultivation. 
Begomoviruses cause serious diseases in many crop plants, 
which is undoubtedly a primary reason for the strong 
research interest they have generated. An interesting aspect 
of Oman begomoviruses is their overlapping host range (for 
example, Cotton leaf curl Gezira virus (CLCGV) was found 
associated with Papaya). One of the major factors 
responsible for this overlapping host range could be the 
polyphagous nature of the vector whitefly and the mixed 
cropping systems prevalent in the country. An expected 
consequence of this scenario would be recombination and 
one would assume that there would be many more reports 
of such recombination events between begomoviruses than 
what has actually been reported, once bioinformatic tools 
for their detection are widely applied by the researchers. 
This also requires extra vigilance on the part of researchers 
to anticipate and deal with synergistic effects of multiple 
infections and/or recombinations, resulting in the 
emergence of unexpectedly virulent forms of 
begomoviruses, as experienced in the case of cassava 
begomoviruses in the African continent in the last decade 
(Khan et al. 2013a). 

One recent example is the characterization of a new 
resistance trait in pepper against the two begomoviruses, 
Pepper golden mosaic virus and Pepper huasteco yellow 
vein virus in Mexico (Garcia-Neria and Rivera-Bustamante 
2011). Since RNAi suppression by the begomoviruses is likely 
to play a major role in such synergisms, it necessitates a 
careful look into the mechanisms of RNAi suppression by 
begomoviruses prevalent in Oman. Recently the emergence 
of more a number of betasatellites and alphasatellites 
associated with begomoviruses in Oman is also remarkable 
(Khan et al. 2013c). The interdependence of the satellites 
and their helper begomoviruses is thus an area of 
tremendous importance for investigation and promises to 
be both scientifically fascinating as well as amply rewarding 
by opening up new methods of disease control, a challenge 
for begomoviral diseases in Oman. The strategies to combat 
begomoviruses infections in various crop plants are 
enlarging. The reports of success in controlling 
begomoviruses with virus-derived and other transgenes are 
encouraging. Well-characterized resistance genes are of 
immence importance in controlling begomoviruses. 

However, as mentioned earlier, only a few such genes 
have been characterized to a level where they can be used 
for breeding begomovirus resistance and can be used to 
introgress into popular crop varieties. Hence, more work 
needs to be done to search for natural begomovirus-
resistant wild varieties of crop plants, against 
begomoviruses, and, when found, to characterize the 
resistance traits.  

The interaction of begomoviruses with the vector 
whiteflies, a pivotal step in the begomoviruses spread in 
the fields, also needs to be carefully looked at. These, as 
well as the exciting developments on plant–virus 
interactions, promise many more avenues of begomovirus 
control opening up in the near future. Due to begomoviral 
infections in the Sultanate of Oman, these need to be 
immediately deployed to assure crop protection against 
the huge economic losses incurred.  
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