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Table 1- Polymerase chain reaction program to replicate WmCSV coat protein gene

obj & slod ds 50 s o dlaxi
Times Cycle temperature Step Cycle numbers
5 min 95°C Primery Denaturation 1
1min 92°0C Denaturation
30s 550C Annealing 35
45s 72°C Extention
10 min 72°C Final Extention 1
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Figure 1- Geography map of cities in Sistan and Baluchestan province
(Sampling area are marked by circles).
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Table 2- Properties of Watermelon chlorotic stunt virus sequences retrieved from GenBank

Jlw R IS oo it alas )
Year Host Country Accession Isolate Row
number
2015 Cucumis melo Iran (Sistan and Baluchestan-Zabol) MH220206 Zb 1
Cucumis melo var. . . MH244447 NIC
2016 cantalupo Iran (Sistan and Baluchestan-Nikshahr) 2
2016 Citrullus lanatus Iran (Sistan and Baluchestan-Nikshahr) ~ MH244448 NIC2 3
2016 Citrullus lanatus Iran (Sistan and Baluchestan-Sarbaz) MH244449 Sar 4
2016 Cucumis melo var. Iran (Sistan and Baluchestan-Sarbaz) MH244450 Sar2 5

cantalupo
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2016 Citrullus lanatus Iran (Sistan and Baluchestan-Konarak) MH244451 Kon 6
2016 Citrullus lanatus Iran (Sistan and Baluchestan-Konarak) MH244452 Kon2 7
2016 Citrullus lanatus Iran (Sistan and Baluchestan-Konarak) MH?244453 Kon3 8
2016 Citrullus lanatus Iran (Sistan and Baluchestan-Chabahar) ~ MH244454 Chb 9
2016 Citrullus lanatus Iran (Sistan and Baluchestan-Hamun) MH244455 Hm 10
2016 Citrullus lanatus Iran (Sistan and Baluchestan-Hamun) MH244456 Hm2 11
2017 Citrullus lanatus Iran (Sistan and Baluchestan-Saravan) MH244457 Sav 12
2017 Citrullus lanatus Iran (Sistan and Baluchestan-Saravan) MH?244458 Sav2 13
2017 Citrullus lanatus Iran (Sistan and Baluchestan-Zahedan) =~ MH244459 zh 14
2017 Citrullus lanatus Iran (Sistan and Baluchestan-Zahedan) ~ MH244460 zh2 15
2017 Citrullus lanatus Iran (Sistan and Baluchestan-lranshahr) ~ MH244461 IRS 16
2010 Citrullus lanatus Iran (Fars-Khonj) KT272769 W-Kh-A4 17
2010 Citrullus lanatus Iran (Fars- Mamassani) KT272767 W-Ma-A 18
2012 Brassica sp. Iran (Kerman-Jiroft) JX480486 IR:Jir:61-1:Wat:12 19
2012  Anagallis arvensis L. Iran (Kerman-Jiroft) JX480488 IR:Jir:43-6:Wat:12 20
2012  Medicago IE)olymorpha Iran (Kerman-Jiroft) IXA480481 IR:Jir27-2:Wat:12 21
2012 Melilotus indicus Iran (Kerman-Jiroft) JX480483 IR:Jir:34-4:Wat:12 22
2012 Melilotus dentatus Iran (Kerman-Jiroft) JX480485 IR:Jir:5-9:Wat:12 23
2012 Chrozophora Iran (Kerman-Jiroft) e 451 \Wat-
hierosolymitana JX480479 IR:Jir:45-1:Wat:12 24
2012 Chenopodlium murale Iran (Kerman-Jiroft) IX480482 IR:Jir:32-4:Wat:12 25
2012 pejiotropium szovitsii Iran (Kerman-Jiroft) JX480487 iw:tll; 26
2015 Brassica raLpa var. rapa Iran (Kerman-Bagherabad) KY825715 IR/Ker/TEa3/Tur:1 27
1999 Citrullus vulgaris Iran (Hormozgan) AJ245652 WmCSV-IR-A 28
2012 Malva parviflora L. Iran (Hormozgan-Minab) JX480489 “;V'\\/I/gt]fg 29
2012 Suaeda aegyptiaca Iran (Hormozgan-Minab) JX480480 ITV’\C;ng i 30
2012 Brassica sp. Iran (Hormozgan-Minab) IX480484 ";V'\cg;llg - 31
1999 Citrullus vulgaris Sodan AJ245650 WmCSV-SD-A 32
2011 Cucurbita pepo Oman JN618984 Als-4 33
2011 Cucurbita pepo Oman JN618983 Als-3 34
. Palestine
2010 Citrullus lanatus KC462552 PAL 35
. Lebanon
2009 Cucumis melo HM368371 LB1 36
2010 Citrullus lanatus West Bank KJ854911 J40 37
2014 Citrullus lanatus West Bank KM820282 PA2-Q14 38
2014 Citrullus lanatus West Bank KM820278 PA1-J68 39
2014 Citrullus lanatus West Bank KJ854914 J56 40
2014 Citrullus lanatus West Bank KM820271 PA1-J44 41
2006 Not reported Israel EF201809 I 42
2014 Citrullus lanatus Israel KM820260 IL3-69 43
2014 Citrullus lanatus Israel KM820269 IL3-84 44
2014 Citrullus lanatus Israel KM820240 IL1-12 45
2014 Citrullus lanatus Israel KM820257 1L2-118 46
2014 Citrullus lanatus Jordan KM820211 JO2-413 47
2014 Citrullus lanatus Jordan KM820234 JO3-628 48
2014 Citrullus lanatus Jordan KM820225 JO3-613 49
2014 Citrullus lanatus Jordan KM820229 JO3-619 50
2018 Cucumis sativus Saudi Arabia MH025643 Cul 51
2018 Citrullus lanatus Saudi Arabia MHO025644 10Wt 52
2013 Citrullus lanatus Saudi Arabia KJ958911 Jizan101-SA 53
2014 Citrullus lanatus Saudi Arabia KJ939448 Leith 54
2012 Cucurbita pepo Saudi Arabia KJ958912 Alahsaa02-SA 55
(ACMV-West
2013 Manihot sculenta Kenya J02057 Kenyan 844) Out 56

of group
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Figure 2- Identification of watermelon chlorotic stunt virus in field samples from Sistan and Baluchestan province

Chloraotic spots and leaf malformation symptoms in watermelon (right image) and the amplified 550 bp fragments from coat protein
gene (left image), (M: GeneRuler DNA ladder 50 bp marker, Fermentas, 1-6: Infected samples to WmCSV)
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Figure 3- Phylogeny tree of WmCSYV isolates based on coat protein gene sequence at nucleic acid level. Branches with
bootstrap support less than 40% are collapsed. WmCSV subgroups are shown in the right. Different shapes are used

to indicated geographical origin for different provinces of Iran: Sistan and Baluchestan isolates in this research in @,
Kerman isolates in@ Fars isolates in Eand Hormozghan isolates in A shapes have been shown.
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Figure 4- Phylogeny tree of WmCSYV isolates based on coat protein gene sequence at nucleic acid level. Branches with
bootstrap support less than 40% are collapsed. WmCSV subgroups are shown in the right Different shapes are

used to indicate geographical origin for different provinces of Iran: Sistan and Baluchestan isolates in this
research in @, Kerman isolates in®, Fars isolates inJ and Hormozghan isolates inAshapes.
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Figure 5- Identity and differences percentage of Watermelon chlorotic stunt virus nucleic acid sequence from Sistan and
Baluchestan province isolates with together and other area of Iran
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Introduction: Cucurbits are among the main vegetable crops that are extensively grown in commercial
greenhouses, plastic tunnels, and open farms in many areas of Iran. Many begomoviruses are known to cause
serious damages in economically important cucurbit crops such as watermelon and melon. Among these viruses,
WmCSV has been quoted as one of the major limiting factors for cucurbit production throughout the south of
Iran. Begomovirus genus is a member of Geminiviridae family that has the most species in comparison to other
viral genus infecting plants. Begomoviruses are notorious pathogens infecting dicotyledonous plants globally.
There are transmitted exclusively by the whitefly, Bemisia tabaci. Whitefly is one of the most important and
prevalent pests in the warm south and southeast provinces of Iran and infects cucurbits fields in Sistan and
Baluchestan province with a widespread population. Begomoviruses are single-stranded circular DNA viruses
and have been observed in a wide host range of plants. There are different reports of infectious Begomoviruses
species such as Watermelon chlorotic stunt virus (WmCSV) from a world that can damage the cucurbits. The
purpose of this study is to find the phylogenetic relation of WmCSV isolates from Sistan and Baluchestan
province, which is located southeast of Iran, together and other isolates from the world, too. Because of this
province is the largest area, with about 11.4% of the total area of Iran.

Materials and Methods: To identify the WmCSV infecting cucurbits in the southeast of Iran, several
surveys in different regions of Sistan and Baluchestan were selected for the study, including Saravan, Iranshahr,
Nikshahr, Sarbaz, Konarak, Chabahar, Zabol, Zahak, Hamoon, Hirmand, Nimroz, and Zahedan. Sampling has
been taken from different cucurbits, such as different kinds of melons, watermelon, and squash, in 2015-2017.
The samples were taken from plants showing viral symptoms such as vein yellowing, stunting, chlorotic, and
mottling, deformation and severe reduction of fruit size and co-infection with whiteflies. The collected samples
were transformed into the laboratory and the total DNA was extracted. To identify WmCSV were used from
specific primers, Gem-CP-V-5" and Gem-CP-V-3' detecting Begomovirus genus in cucurbits. PCR products have
been sequenced and blasted in the GenBank NCBI database and submitted there. Then, carried out the
Alignment of acid nucleotide sequences and description of the phylogenetic tree by MEGAS software. The
Identity and differences percentage of Watermelon chlorotic stunt virus nucleic acid sequence from Sistan and
Baluchestan province isolates with together and other areas of Iran carried out by MegAlign software too.

Results and Discussion: All areas of sample collection of Sistan and Baluchestan province were infected
with WmCSV in this study. Positive PCR watermelon samples have been infected to WmCSV, severity. The
expected PCR products, 550 bp size, from 16 amplified partial CP genes from different areas of Sistan and
Baluchestan province in Iran were done sequencing. Phylogenic sequencing analysis results of isolates from
other countries and other regions of Iran also WmCSYV isolates in this research from Sistan and Baluchestan
province, classified them in two apart groups involves A and B. The A group was divided into 2 groups, that
were named Al and All. Isolates of Sistan and Baluchestan province from this research involved both of them.
These findings seem to indicate Sistan and Baluchestan as of the possible origins of WmCSV in Iran. There was
no relationship between geographical source and host in this province. Some isolates of this province had a near
relationship to Oman and Saudi Arabia isolates.

Conclusion: WmCSV can be considered as a serious disease threatening watermelon production, in Sistan
and Baluchestan province in the southeast of Iran as severe symptoms. On another hand, individually or in
interaction with other begomoviruses, WmCSV can cause severe damage in farms infected by whiteflies.
Probably, the spread of isolates belong Sistan and Baluchestan province and Oman or Saudi Arabia has been
taken by whiteflies that transformed via between Iran and these countries, because of the most relationships
between the WmCSV isolates of these countries. More importantly, performing collaborative studies with
neighboring countries such as Pakistan and India, seems necessary. Also, further studies on Iranian isolates of
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WmCSYV that occurred on either cultivated or wild plants are essential to have a better understanding of the viral
epidemics in the country. The results of sequencings will be used to design constructs inducing RNA silencing as
a resistant strategy, against WmCSYV isolates that were classified in both two groups.

Keywords: Begomovirus, Coat protein, Phylogeny tree, Sistan and Baluchestan, Watermelon chlorotic stunt
virus



