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ABSTRACT 
Cucurbit crops are widely grown and consumed in large quantities in Saudi Arabia and Middle East countries. 
Viral diseases are among the most limiting factors that affect the production of cucurbit crops around the world. 
The infection percentage of watermelon chlorotic stunt disease and molecular characterization of Saudi isolate of 
WmCSV are described in this study. Symptomatic leaf samples of zucchini (Cucurbita pepo), Cucumber (Cucumis 
sativus) and melon (Cucumis melo L) plants were tested for WmCSV and squash leaf curl virus (SLCV) infec-
tion serologically using the double antibody sandwich- enzyme-linked immunosorbent assay (DAS-ELISA) test  
and  polymerase chain reaction (PCR) using degenerate and specific overlapping primers for WmCSV to amplify 
2108 nucleotides of DNA-A. The data of DAS-ELISA test showed that 69% of all tested zucchini samples were 
infected with WmCSV, the percentage of infection increased to 72.7% when using PCR test. All tested samples of 
other cucumber and melon tested negative for WmCSV while SLCV was not detected in all tested samples. The 
obtained sequence analysis data demonstrated that the isolated WmCSV shared high nucleotide identity 98% with 
other isolates of Oman. The nucleotide sequences of WmCSV obtained in this study was submitted to the GenBank 
(International Nucleotide Sequence Database Collaboration) under accession number KC876038.  
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INTRODUCTION
Viruses are the most common cause of dis-
eases affecting cucurbits around the world. 
These diseases result in losses through reduc-
tion in growth, yield, and sometimes malfor-
mation of fruits. Cucurbit crops are widely 
grown the Middle East (total 226,492 ha) 
and are consumed in large quantities in tra-
ditional diet. In Saudi Arabia, cucurbit crops 
are grown all year around. The total cultivat-
ed area was 37,694 ha with an average an-
nual production of 718,124 tons (Anonyms, 
2013). Viral diseases are among the most 
limiting factors affecting the production of 
cucurbit crops in the Middle East. This is due 
to the widespread distribution of the whitefly 
Bemisia tabaci type B (Gennaduis) (Aley-
rodidae: Hemiptera) vector in all vegetable 
producing areas of the Middle East countries 
(Gill and Brown, 2010). Based on genome 
organization, host range, and insect vector, 
the family of Geminiviridae has been divided 

into nine genera (Zerbini et al., 2017). Be-
gomoviruses have become a major limiting 
factor in the production of various fiber crops 
such as cassava and cotton, and food crops 
such as cucurbits, tomato, beans, and pepper 
(Varma and Malathi 2003). WmCSV causes 
severe diseases to cucurbits across Eastern 
Mediterranean countries and recently report-
ed to be associated with cucurbits disease in 
the western hemisphere (Dominguez-Duran 
et al., 2017). Begomovirus genus consists 
of viruses that are transmitted by whiteflies 
(Bemisia tabaci) that infect a wide range of 
plants that growon in gradually worm tem-
perature,  sub-tropical, and tropical regions 
(Moffat 1999; Zerbini et al., 2017). WmCSV 
is a bipartite and has two single strand DNA 
(ssDNA) components known as DNA-A and 
DNA-B (Khan et al., 2012). DNA-A compo-
nent encoded six genes; four of them are in 
the complementary-sense (AC1, AC2, AC3 
and AC4) and two are in the virion-sense 
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(AV1 and AV2). The DNA-B component of 
WmCSV and all other bipartite Begomovi-
ruses includes one virion-sense gene (BV1) 
encoding the nuclear shuttle protein (NSP) 
and one complementary-sense gene (BC1) 
that encodes movement protein (MP) (Guti-
errez et al., 2002). DNA-A and DNA-B com-
ponents are sharing small sequence identity 
for a common region (CR) of 200–400 bp. 
This common region contains a predicted 
stem-loop structure with the Nona-nucleo-
tide motif TAATATTAC in the loop that is 
the origin responsible for replication (Ori) for 
all geminiviruses groups (Laufs et al., 1995; 
Harrison and Robinson 2002). WmCSV was 
first identified in Yemen in 1982 (Jones et al., 
1988) and reported across the Middle East 
and North Africa afterward in the following 
years in Sudan  (Kheyr-Pour et al., 2000), Jor-
dan (Al-Musa et al., 2011),  Oman (Khan et 
al., 2012), and Palestine  (Ali-Shtayeh et al., 
2014). The symptoms caused by WmCSV are 
chlorotic mottling, stunting, vein yellowing, 

and severe decrease of yield, particularly in 
watermelon crops (Citrullus spp.). The host 
range of this virus covers most of cucurbits 
including zucchini, cucumber, and melons, 
in addition to pumpkin. Some investigatied 
plants like Nicotiana glutinosa N. benthami-
ana have been found to be hosts for WmCSV 
(Bananej et al., 2002). This research aims to 
identify the isolate of WmCSV from zucchi-
ni plants grown in Alahsa region, located in 
Eastern Saudi Arabia. The identification of 
isolated virus was carried out using poly-
merase chain reaction (PCR) and nucleotide 
sequences analysis. 

MATERIALS AND METHODS
Sample collection
In the springs of 2012 and 2013, viral dis-
ease symptoms including yellowing, chlo-
rosis, curling, stunting, and mottling (fig. 1) 
were observed on cucurbits in fields highly 
infected with whitefly (Bemisia tabaci) in 
Alahsa governorate, Saudi Arabia.  

Fig. (1):  Natural WmCSV-like symptoms (yellowing, chlorosis, stunting, Curling, and mottling) observed on 
zucchini plants (B) comparing with healthy looking zucchini plants (A) in open fields in Alahsa, Saudi Arabia. 

To study the etiology of the disease, two hun-
dreds ninety six symptomatic and non-symp-
tomatic leaf samples of cucumber (Cucumis 
sativus) (72 samples), zucchini (Cucurbita 
pepo) (214 samples), and melon (Cucumis 
melo L) (10 samples) were collected from 

different fields at diverse locations of Alah-
sa governorate, Saudi Arabia. Double anti-
body sandwich enzyme linked immunosor-
bent assay (DAS-ELISA) test was used for 
the detection of WmCSV and SLCV in the 
collected samples using BIOREBA kit and 
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according to its manufacturer (BIOREBA, 
AG, Reinach, Switzerland; SEDIAG S.A.S. 
Longvich, France). In brief: the extracts of 
the collected plants were added to ELISA 
plates previously coated with specific an-
tisera for each virus and incubated at 4 ºC 
overnight. The enzyme (alkaline phospha-
tase)-conjugate were diluted 1:1,000 in con-
jugation buffer and added after washing. The 
palates were incubated for 5 hours at 30 ºC.  
Substrate (p-nitrophenyl phosphate, 1mg/ml 
in substrate buffer) was added to each well 
after one more washing and the plates were 
incubated in the dark for one to two h at 
room temperature. Absorbance values were 
measured at 405 nm using an ELISA reader 
(MEDISPEC ESR-200).

Total nucleic acid extraction
Total nucleic acids were extracted from the 
collected samples using modified Dellapor-
ta methods as described by (Anfoka et al., 
2008; Rezk and Alhudaib 2017). In brief, 50 
mg of plant tissue were grinded in 500-µl 
extraction buffer (mM EDTA, 100 mM Tris-
HCl, 500 mM NaCl, 10 mM ß-mercaptoeth-
anol) and incubated at 65°C for 10 min after 
adding 33 µl of 20% of SDS. The mixture 
was centrifuged for 10 min at 10,000 rpm af-
ter adding 1/5 volume of potassium acetate 
(5 M, pH 8.0). The supernatant was carefully 
transferred to a clean tube and an equal vol-
ume of phenol/chloroform/isoamyl alcohol 
(25:24:1) was added. The mixture was vor-
texed  for 5 min and  clarified by centrifuga-

tion at 10,000 rpm for 5 min and the upper 
phase were transferred to a new clean tube. 
The total DNA was precipitated by adding 
an equal volume of cold isopropanol was 
added to the mixture followed by a 15 min of 
centrifugation at 14,000 rpm. The DNA pel-
let was then washed with 70% ethanol and 
suspended in 100 µl sterile deionized water. 

Polymerase Chain Reaction (PCR) Am-
plification
The extracted DNA was used as a templet 
PCR using set of primers as shown in table 
1. Set of primers AVcore and ACcore were 
used as a degenerate primer for begomovi-
ruses group to amplify about 580 bp. Oth-
er sets of primer WmF1/WmR1, WmF2/
WmR2 and WmF3/WmR3 were designed 
to use as a specific primers for component 
A (DNA-A) of WmCSV to amplify 650 bp, 
500 bp and 970 bp respectively.  PCR reac-
tions were optimized as following “for 50μl 
reaction and the final concentration of the 
components were  25 μM of each deoxynu-
cleotide triphsphate (dNTPs), 1 x PCR buf-
fer, 2.5  μM  MgCl2 , 3 units Taq DNA poly-
merase,   0,2 μM of each complementary and 
viral sense primer and five μl of DNA used 
as template”. PCR cycle parameters for all 
reactions were as follows;  two minutes at  
94°C  for initial start followed by 35 cycles 
at 94°C for 1 min, 55 °C for 2 min, and 72 
°C for 2 min, and final additional cycle for 
extension at 72 °C for 10 min. 

Table1: Oligo primers used to amplify partial fragments of DNA-A of WmCSV
using polymerase chain reaction 

ReferenceFragment  
size/ bp 

Nucleotide sequence
5--------------------------------3

Primer 
name

This study
 650

GCCCATGTACAGGAAGCCGAGGWmF1
This studyATTGGAAAATGTCCTTGTTGGGWmR1
This study

500 
CGGATATATTTTTATGACTCAWmF2

This studyCCCCTCTTCTCAGCCGAGCWmR2
This study

970 
TTGATCCGCAGTAATGTATTCCCCWmF3

This studyAGCTACTTTCTTTTTTAGTCGGCCWmR3
Brown et al., 2001

580 
GCCHATRTAYAGRAAGCCMAGRATAVcore

Brown et al., 2001GAATTCATGRTNRGGTGYATHGANAAYGGACcore
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DNA Cloning and Sequencing 
PCR product obtained using primers are 
designed to amplify overlapping fragments 
of WmCSV-DNA-A were purified using 
QIAquick PCR Purification Kit (Qiagen, 
Hilden, Germany). The purified DNAs were 
cloned into the cloning vector pGEM-T Easy 
(Promega, USA) according to its manufac-
turer’s instructions then transformed into 
high library-efficiency competent Eschrich-
ia coli DH5α strain (Invitrogen Corporation, 
USA). 
DNA sequences were determined by the di-
dexynucleotide method in Macrogen Com-
pany, South Korea, using Thermo Sequenase 
Dye terminator cycle sequencing kit, on ABI 
377 DNA sequencer (Perkin-Elmer, Applied 
Biosystems, USA). 

Nucleotide sequence analysis:
Alignment analysis was done for partial nu-
cleotide sequences Saudi Arabian isolate of 
WmCSV using the online BLAST service 
of the National Centre for Biotechnology 
Information (NCBI) (URL:   www.ncbi.nih.
gov BLAST/) and DNAMAN software ver-
sion 8. Homology tree was constructed from 
the multiple alignments with WmCSV iso-
lates sequences  available in GenBank (In-
ternational Nucleotide Sequence Database 
Collaboration) database (table 2) using the 
DNAMAN software (Lynnon,Canada) with 
the Jukes-Cantor distance-correction meth-
od (Jukes and cantor, 1969) and the neigh-
bor-joining method (Saitou and Nei,1987).

Table 2: GenBank accession numbers of selected WmCSV sequences used in this study
for analysis of the isolated WmCSV (KC876038)

Accession Number Country             Reference
KC876038 Saudi Arabia – Alhasa This study 
AJ245652 France Kheyr-Pour,A. et al. (2000)
AJ245650 France Kheyr-Pour,A. et al. (2000)
JN618984 Oman - Muscat Khan,A.J. et al. (2012)
JN618981 Oman - Muscat Khan,A.J. et al. (2012)
KJ854919 Palestine – Nablus Ali-Shtayeh,M.S. et al. (2014)
KJ854918 Palestine – Nablus Ali-Shtayeh,M.S. et al. (2014)
KJ854912 Palestine – Nablus Ali-Shtayeh,M.S. et al. (2014)
JN618982 Oman - Muscat Khan,A.J. et al. (2012)
KJ854917 Palestine – Nablus Ali-Shtayeh,M.S. et al. (2014)
JN624386 Oman - Muscat Khan,A.J. et al. (2012)
KJ854915 Palestine – Nablus Ali-Shtayeh,M.S. et al. (2014)
KJ854913 Palestine – Nablus Ali-Shtayeh,M.S. et al. (2014)
JX131283 Jordan - Al-Balqa’ Anfoka,G.H. et al. (2012)
KJ854916 Palestine Nablus Ali-Shtayeh,M.S. et al. (2014)
KJ854914 Palestine - Nablus Ali-Shtayeh,M.S. et al. (2014)
JN618983 Oman - Muscat Khan,A.J. et al. (2012)
KM066100 Saudi Arabia - Jeddah Al-Saleh,M.A. et al. (2014)
KC462552 Palestine - Nablus Ali-Shtayeh,M.S. et al. (2014)
HM368371 Lebanon - Beirut Samsatly,J. et al. (2012)
EU561237 Jordan - Amman Al-Musa,A.M. et al. (2011)

RESULTS 
Sampling and PCR amplification: 
Through springs of 2012 and 2013, plant 

samples showing disease symptoms were 
collected from 296 cucumber, zucchini and 
melon plants in several fields in Alahsa 
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governorate (table 3). All tested samples of 
cucumber zucchini and melon were nega-
tive for SLCV. WmCSV was found only in 
zucchini and none in cucumber and melon. 
The incidence of WmCSV disease as shown 
DAS-ELISA test was 69%. This percentage 
increased up to 75.7% when PCR was used 
for diagnoses (table 3). The analysis of the 
collected samples by PCR using AVcore and 
ACcore set of primers as degenerate primers 
for the entire begomoviruses group revealed 

that positive samples gave bands in expect-
ed size, which is about 580 bp (fig. 2). Oth-
er primers that is specifically designed for 
WmCSV were used with samples that gave 
positive reactions with degenerate prim-
ers (table 1). The designed specific primers 
successfully amplified the expected size of 
DNA and gave strong band as showed in fig. 
3. Those primers were designed to amplify 
overlap regions for DNA-A component of 
WmCSV.     

Table 3: ELISA test and PCR amplification to detect watermelon chlorotic stunt virus      
             (WmCSV) and squash leaf curl virus (SLCV)

Location  No. of
Samples Type of    samples  (+ve with ELISA test) +ve PCR

 (deg. Primers*)(%)

WmCSV(%)     SLCV

Alahsa 
72 Cucumber 0 0 0

214 Zucchini    148 (69%) 0 162(75.7%)

10 Melon 0 0 0
*degenerate primer used to detect Begomoviruse members.
 

Fig 2: Gel electrophoresis of PCR products using the degenerate primers AVcore and ACcore; M= 100 bp marker 
(Promiga),  Lanes from 1 to 8 zucchini  samples collected from Alahsa.     

Fig 3: Gel electrophoresis of PCR products using the specific primers WmF1/WmR1, WmF2/WmR2 and WmF3/
WmR3 ;M= 100 bp marker (Promiga),  Lanes from 1 to 8 zucchini samples collected from Alahsa.

Nucleotide Sequence analysis: 
The obtained PCR products from the tested 
zucchini samples using previous generate 

and specific primers were cloned into pGEM 
T-Easy vector (Promiga) and sequenced to 
identify virus strain. The core region of the 
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virus, that amplified using primers AVcore/
ACcore, was sequenced. Phylogenetic anal-
ysis was carried out as a primary indicator 
for the partial sequences this begomovirus 
common region. The obtained sequence 
referred to the isolated virus is WmCSV. 
From this primary data, specific primers of 
WmCSV were designed to amplify about 
2,108 bp of WmCSV component-A, using 
the sequence data of WmCSV isolate from 
Oman (JN618984) isolated by Khan et al. 
(2012) as a template for designing the spe-
cific primers. The amplified fragments using 
designed specific primers WmF1/WmR1, 
WmF2/WmR2,  and WmF3/WmR3 were 
cloned and sequenced. The obtained se-

quence were analyzed using (URL:   www.
ncbi.nih.gov BLAST/) and DNAMAN soft-
ware version 8.  The obtained sequence was 
submitted in GenBank under accession num-
ber KC876038 compared and aligned with 
the representative sequences of WmCSV 
isolates from different countries available in 
GenBank as in table 2. 
The homology tree (Fig. 4) showed the 
aligned sequences separated in three clus-
ters; the first one includes isolates from 
Oman and France. The second includes iso-
lates from Palestine and Jordan while the 
third one includes isolates from Jeddah, Sau-
di Arabia. 

Fig 4: Neighbor joining tree showing the genetic homology among the WmCSV-DNA component for 
the genome sequence obtained in this study (KC876038) and other sequences  selected from GenBank.  

DISCUSSION
During field visits in spring seasons of 2012 
and 2013 to some fields in Alahsa governor-

ate, many complains were  received from 
farmers of sever diseases symptoms on cu-
curbit plants. These symptoms represented in 
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yellowing plants, stunting and drastically re-
duced the yield production. These symptoms 
was associated with the presence of high 
population of whiteflies (B.  tabaci). The 
observed disease symptoms were similar to 
those described previously by (Ali-Shtayeh 
., 2014) that was associated with WmCSV 
in Palestine. In addition, these symptoms 
were similar to most diseases caused by Be-
gomoviruses members with high numbers of 
whiteflies in these fields. Disease incidence 
of WmCSV reached 75.7 % of tested zucchi-
ni plants. Other virus such as cucurbit yellow 
stunt disorder virus (CYSDV) (Rezk et al., 
2015) was recorded in same area and both vi-
ruses are transmitted by whiteflies. This may 
partially explain the decline of zucchini cul-
tivation area in Saudi Arabia from 225 ha in 
2009 to 189 ha in 2015(Agricultural statistic 
book, Ministry of Agriculture, Saudi Arabia, 
2016). The percentage of virus detection in 
examined zucchini plants increased from 
69% to 75.7 % when PCR using degener-
ate primers was used. This is due to the high 
sensitivity of PCR compared to ELISA test. 
The samples from one to seven gave very 
strong bands while the sample 8 gave faint 
band. This was also observed for the same 
samples with the degenerate primer and all 
used primers in this study.  This may be due 
to the concentration of the template DNA in 
sample 8. The alignment and homology tree 
analysis demonstrated that the isolated virus 
from Alahsa in this study was located same 
distance between the cluster of the Omani 
isolates  (Khan et al., 2012) and other Pales-
tinian isolates (Ali-Shtayeh, et al, 2014), and 
Jordan (Almusa et al, 2011)  with 98% sim-
ilarity.  However, the identity with the other 
isolates of Saudi Arabia that isolated from 
Jeddah by Al-Saleh et al. (2014) was 97%. 
The sequence segregate was mostly close 
to the sequences of WmCSV isolate from 
Oman in addition the short distance between 
both countries suggesting the probability that 
the virus entered Alahsa from Oman and es-
pecially transmitted by whitefly. This study 
shows that case is a viral disease transmitted 

by Whitefly. Due to the speed of transmis-
sion of the insect between crops, the infec-
tion spread among most plants since this vi-
rus infects most of Cucurbitaceae. The early 
identification of the disease causal and mode 
of transmission is beneficial for the control 
process. It could be concluded that there is 
a new isolate of WmCSV in Saudi Arabia 
that is closely related to that found in Oman. 
However, due to the expanded area and di-
versity of climate of Saudi Arabia, there 
might be different strains of this virus. Thus, 
research will be of interest in next studies on 
sequencing a complete genome of WmCSV 
DNA-A and DNA-B in addition to studying 
the genetic diversity of this virus throughout 
the Kingdom of Saudi Arabia as a future goal.  
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الملخص
ــط.  ــرق الأوس ــعودية ودول ال ــة الس ــة العربي ــيرة في المملك ــات كب ــتهلك بكمي ــع، وتس ــاق واس ــى نط ــات ع ــل القرعي ــزرع محاصي ت
ــالم.  ــاء الع ــع أنح ــات في جمي ــل القرعي ــاج محاصي ــى إنت ــر ع ــي تؤث ــة الت ــددة الرئيس ــل المح ــن العوام ــن ب ــي م ــية ه ــراض الفيروس الأم
ــة الســعودية  ــي للعزل ــف الجزيئ ــك التعري ــخ وكذل ــزم البطي ــرار وتق ــيروس اصف ــة بف ــد نســبة الإصاب ــم تحدي وخــلال هــذه الدراســة ت
ــة  ــة لمجموع ــات عام ــتخدام بادئ ــل باس ــرة المتسلس ــل البلم ــك تفاع ــزا( وكذل ــيرولوجية )الألي ــارات الس ــت الاختب ــيروس. أجري للف
ــات  ــخ، وفــيروس تجعــد أوراق الكوســة عــى مجموعــة مــن العين ــة للكشــف عــن فــيروس اصفــرار وتقــزم البطي الفيروســات التوأمي
ــع  ــة التتاب ــل ودراس ــة تحلي ــلال الدراس ــري خ ــة. أج ــا مرضي ــل أعراضً ــام تحم ــار وش ــة وخي ــات كوس ــن نبات ــت م ــي جمع ــة الت الورقي
النيوكليوتيــدي لعــدد 2108 نيوكليوتيــدة مــن DNA-A للفــيروس. أظهــرت نتائــج الأليــزا أن نســبة 69 % مــن نباتــات الكوســة 
المختــرة كانــت مصابــة بفــيروس اصفــرار وتقــزم البطيــخ، وهــذه النســبة زادت إلى 72.7 % عنــد اســتخدام تفاعــل البلمــرة المتسلســل. 
العينــات النباتيــة للخيــار والشــام المختــرة كانــت ســالبة لفــيروس اصفــرار وتقــزم البطيــخ بالإضافــة إلى عــدم تواجــد فــيروس تجعــد 
أوراق الكوســة في كل العينــات المختــرة؛ ســواء باســتخدام تفاعــل البلمــرة المتسلســل أو باســتخدام الأليــزا. وأظهــرت بيانــات تحليــل 
دراســة التتابــع النيوكليوتيــدي أن الفــيروس المعــزول مــن منطقــة الأحســاء كان متشــابًها جينيًّــا مــع عــزلات أخــرى مــن ســلطنة عُــاَن، 
وبنســبة تشــابه وصلــت إلى 98 %. تــم إدراج التسلســل النيوكليوتيــدي للفــيروس المعــزول خــلال هــذه الدراســة في بنــك الجينــات تحــت 
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