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Figure 1- Symptoms of Watermelon chlorotic stunt virus on a watermelon plant including

vein yellowing, yellow spot and leaf curling.
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Table 1. The list of weed species collected from cucurbit growing farms in Roodbar-e-

Jonob, Arzuiyeh (Kerman province) and Minab (Hormozgan province) for identification of

natural wild hosts of Watermelon chlorotic stunt virus (WmCSV). Accession numbers of

cloned WmCSYV isolates are provided in the right column,

Common name Scientific name Family Location A:Sﬁf;'e?n
L G o, i
e e g o5l o Joue k)
Chrozophora Roodbar-e-Jonob
Dyer's croton hierosolymitana Spreng Euphorbiaceae (Jiroft, I_<erman JX480479
province)
, Chrozophora : Arzuiyeh (Kerman B
Dyer's croton hierosolymitana Spreng Euphorbiaceae province)
Dyer's croton . Chroz_o phora Euphorbiaceae Minab (H_ormozgan -
hierosolymitana Spreng province)
Eu_ropean Heliotropium szovitsii Boraginaceae Minab (H_ormozgan IX480487
heliotrope (Stev.) Bunge province)
European Heliotropium szovitsii . Roodbar-e-Jonob
. Boraginaceae (Jiroft, Kerman -
heliotrope (Stev.) Bunge .
province)
European Heliotropium szovitsii Boraginaceae Arzuiyeh (Kerman i
heliotrope (Stev.) Bunge g province)
Seablite Suaeda aegyptiaca Chenopodiace ~ Minab (Hormozgan IX480480
(Hasselq.) ae province)
Mustard Brassica sp. Brassicaceae Minab (H_ormozgan JX480484
province)
Roodbar-e-Jonob
Mustard Brassica sp. Brassicaceae (Jiroft, Kerman JX480486
province)
vellow sweet Roodbar-e-Jonob
clover Melilotus indicus (L.) Fabaceae (Jiroft, Kerman JX480483
province)
. Roodbar-e-Jonob
Small-flowered Melilotus dentatus Papilionaceae (Jiroft, Kerman JX480485

Melilot

(Waldst. & Kit.) Pers

province)



http://www.google.com/url?sa=t&rct=j&q=orzuiyeh%20%28kerman%20province%29&source=web&cd=3&ved=0CFQQFjAC&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FArzuiyeh&ei=NGUNUJvVI-Pt0gHz6q3JAw&usg=AFQjCNEkF3r0B64PEAfqUNsLKZLRP_kv6Q&cad=rja
http://www.google.com/url?sa=t&rct=j&q=orzuiyeh%20%28kerman%20province%29&source=web&cd=3&ved=0CFQQFjAC&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FArzuiyeh&ei=NGUNUJvVI-Pt0gHz6q3JAw&usg=AFQjCNEkF3r0B64PEAfqUNsLKZLRP_kv6Q&cad=rja
http://en.wikipedia.org/wiki/Boraginaceae
http://en.wikipedia.org/wiki/Boraginaceae
http://www.google.com/url?sa=t&rct=j&q=orzuiyeh%20%28kerman%20province%29&source=web&cd=3&ved=0CFQQFjAC&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FArzuiyeh&ei=NGUNUJvVI-Pt0gHz6q3JAw&usg=AFQjCNEkF3r0B64PEAfqUNsLKZLRP_kv6Q&cad=rja
http://en.wikipedia.org/wiki/Boraginaceae
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Nettle-leaved

Chenopodiace

Roodbar-e-Jonob

oosefoot Chenopodium murale L. ae (Jiroft, Kerman JX480482
g province)
Nettle-leaved Chenopodium murale L. Chenopodiace Minab (Hprmozgan i
goosefoot ae province)
Nettle-leaved Chenopodium murale L. Chenopodiace Arzmyeh_(Kerman B
goosefoot ae province)
. . ) Roodbar-e-Jonob
Nettle-leaved Chenopodium sosnowskyi  Chenopodiace ) B
(Jiroft, Kerman
goosefoot Kappeler ae .
province)
. Trigonella uncata Boiss Roodbar-¢-Jonob
Tonkin Bean ' Fabaceae (Jiroft, Kerman -
& Noe .
province)
Cheeseweed . Minab (Hormozgan
mallow Malva parviflora L. Malvaceae province) JX480489
Cheeseweed Roodbar-e-Jonob
Malva parviflora L. Malvaceae (Jiroft, Kerman -
mallow .
province)
Chenopodiace Roodbar-e-Jonob
Russian thistle Salsola sp. a% (Jiroft, Kerman -
province)
Scarlet Roodbar-e-Jonob
. Anagallis arvensis L. Myrsinaceae (Jiroft, Kerman JX480488
pimpernel '
province)
_Scarlet Anagallis arvensis L. Myrsinaceae Minab (H_ormozgan -
pimpernel province)
Roodbar-e-Jonob
Burr medic Medicago polymorpha L. Fabaceae (Jiroft, Kerman JX480481
province)
Roodbar-e-Jonob
Lesser jack Emex spinosa (L.) Polygonaceae (Jiroft, Kerman -
province)
Version 7 (Lynnon Corporation, Quebec, PRI

calds Ol 5 Ldd awslis S L Canada)
Sl S s s bk Ly Sus L Ll
A3 S s (GenBank) O

655

axkad (gl gl 5 U SIS 5 sl

1T ids 855 05 4 by @il i

Lo ol U 5,8 s e 51 &8 alus

DNAMAN 351 o5 51 eslizad L (1 Jsa)


http://www.google.com/url?sa=t&rct=j&q=orzuiyeh%20%28kerman%20province%29&source=web&cd=3&ved=0CFQQFjAC&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FArzuiyeh&ei=NGUNUJvVI-Pt0gHz6q3JAw&usg=AFQjCNEkF3r0B64PEAfqUNsLKZLRP_kv6Q&cad=rja
http://en.wikipedia.org/wiki/Myrsinaceae
http://en.wikipedia.org/wiki/Myrsinaceae
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< 500 bp

WMCSV-700- sl S31 L snd 25 1 w0 SVsame iy, b -2 S
Sype NFS s 4 o3l 5,a cile o3jw 4 by /1 55,81 J5 53 F/WmCSV-1334-R
Heliotropium szovitsii (Minab) ;,» <ls (1) Melilotus dentatus j ,» ks .(WMCSV) &l sk
Suaeda ;,» <ils (4) Medicago polymorpha j ,» <als «(3) Brassica sp. (Minab) j » <is (2)
54 ke (7) Chenopodium murale (Jiroft) ; » <als (6) Salsola sp. ;,» —is (5) aegyptiaca
Chrozophora j, <is «(9) Anagallis arvensis (Jiroft) j,» e «(8) Melilotus dentatus
Brassica sp. j,» «als (11) Chenopodium sosnowskyi ;,» ke «(10) hierosolymitana (Jiroft)
dals Ol gy WMCSVa o3 81 4l g (13) Malva parviflora (Minab) j;,a ke (12) (Jiroft)

M) I35 KL (C) (e dalis O 5ims @ls il gukin o(CH) ot

Fig. 2. Electrophoretic patterns of PCR products of Watermelon chlorotic stunt virus
(WmCSV) on 1% agarose gel using WmCSV-700-F/ WmCSV-1334-R primer pair from 13
WmCDV-infected weed species; Melilotus dentatus (1), Heliotropium szovitsii (Minab) (2),
Brassica sp. (Minab) (3), Medicago polymorpha (4), Suaeda aegyptiaca (5), Salsola sp. (6),
Chenopodium murale (Jiroft) (7), Melilotus indicus (8), Anagallis arvensis (Jiroft) (9),
Chrozophora hierosolymitana (Jiroft) (10), Chenopodium sosnowskyi (11), Brassica sp.
(Jiroft) (12), Malva parviflora (Minab) (13) WmCSV infected watermelon as the positive
control (C+), healthy watermelon as the negative control (C-), molecular marker (M).
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Blgkin 3y 5 N gsS pgpg alir 11 & by e ds oy, 055 65k i 655 anad 551>
Heliotropium  ;,» —ike (1) Melilotus dentatus ;,a <ike /1 55,81 J35 55 5,0 sl il 5
«(4) Medicago polymorpha ; ,» il «(3) Brassica sp. (Minab) ; » s «(2) szovitsii (Minab)
5 ke «(6) Chenopodium murale (Jiroft) ;,» ale «(5) Suaeda aegyptiaca ;. il
Chrozophora j,» als «(8) Anagallis arvensis (Jiroft) j,» ik (7) Melilotus indicus
Malva parviflora j;,» i (10) Brassica sp. (Jiroft) ;,» s «(9) hierosolymitana (Jiroft)

M) S5 Sl (11) (Minab)

Fig. 3. Band pattern of digested recombinant plasmids by EcoRI and Pstl restriction
enzymes containing 655 bp fragment of coat protein gene of 11 Watermelon chlorotic stunt
virus isolates from weed species in 1% agarose gel; Melilotus dentatus (1), Heliotropium
szovitsii (Minab) (2), Brassica sp. (Minab) (3), Medicago polymorpha (4), Suaeda aegyptiaca
(5), Chenopodium murale (Jiroft) (6), Melilotus indicus (7), Anagallis arvensis (Jiroft) (8),
Chrozophora hierosolymitana (Jiroft) (9), Brassica sp. (Jiroft) (10), Malva parviflora (Minab)
(11) and molecular marker (M).
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Fig 4. Percent homology of nucleotide and amino acid sequences of coat protein gene of
Watermelon chlorotic stunt virus isolates from 11 different weeds collected from watermelon
growing areas in south and southeastern Iran and comparison to the related sequences in
GenBank. Accession numbers of the WmCSV isolates; Melilotus dentatus (JX480485),
Heliotropium szovitsii inab) (JX480487), Brassica sp. (Minab) (JX480484), Med!ca?o
polymorpha (JX480481), Suaeda aegyptiaca (JX480480), Chenopodium murale (Jiroft)
QX480482), Melilotus indicus (JX480483), Anagallis arvensis SJlroft) (JX480488),

hrozophora hierosolymitana (Jiroft) (JX480479), Brassica sp. (Jiroft) (JX480486), Malva
parviflora (Minab) (3X480489), Iranian WmCSV isolate from Bandar Abbas (AJ245652),
Sudanese WmCSV isolate (AJ245650), Lebanese WmCSV isolate (HM368371), Jordanian
WmCSV isolate (EU561237).
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Fig 5. Dyer's croton (Chrozophora hierosolymitana Spreng) (A) and European heliotrope or
European turnsole [Heliotropium szovitsii (Stev.) Bunge] (B), two symptomless wild hosts and
cheeseweed mallow (Malva parviflora L.) showing general yellowing (C) infected by
Watermelon chlorotic stunt virus collected in south and southeastern Iran.

13



SN

1393 315,40 5 hlons!

e

2L S B el wsls sl
Sl Ses LS o 0L olew S5 s
ok 4 S e aby e 5oa gl e ol
Olle Ulse 0 sles 50 slacile ST alis
o gty ool ipd el bsbdde ol
ASe g b il b SSals; g L5 s
S kb Olslas JS gk 4 L S
SLbl 53 s golpe 53 5 slacile oy
uf“)')"‘T Ao Goosles Slles ke o gl

(Gilbertson et al., 2011) & 43 osls

slacile A& LUl gy cnl alnbe

Lo g odd abl Glaglen SSdamedyl 5o 5oe
a3 e G e ) b s
sl e J S baaly 53 (Sode mea iomes
2 S grnde 2l e 2l 4 e
boenl poedle ol s b g g se S
das 5 S S Gble sa ba il ol 658
2 k) Ul a5 glacdle S (g S
O5 5 Ko Sl cils sy Jl

cile 31 (gogdeme sl &S bl s ol Sl

@L'.a

Abou-Jawdah Y, Sobh H, Haidar A, Samsatly J (2010). First report in Lebanon on detection of
two whitefly transmitted cucurbit viruses and their molecular characterization. In:
Proceedings of 13" Congress of the Mediterranean Phytopathological Union, Rome, Italy.

pp; 20-25.

Abudy A, Sufrin-Ringwald T, Dayan-Glick C, Guenoune-Gelbert D, Livneh O, Zaccai M,
Lapidot M (2009). Watermelon chlorotic stunt and Squash leaf curl begomoviruses New
threats to cucurbit crops in the Middle East. Israel J Plant Sci 58: 33-42.

Al-Musa A, Anfoka G, Al-Abdulat A, Misbeh S, Haj Ahmad F. Otri | (2011). Watermelon
chlorotic stunt virus (WmCSV): A serious disease threatening watermelon production in

Jordan. Virus Genes 43: 79-89.

Ali-Shtayeh MS, Jamous RM, Hussein EY, Mallah OB, Abu-Zaitoun, SY (2012). First report of
Watermelon chlorotic stunt virus in watermelon in the Palestinian authority. Plant Dis 96,

p. 149.

Bananej K, Ahoonmanesh A Kheyr-Pour A (2002). Host range of an lIranian isolate of
Watermelon chlorotic stunt virus as determined by whitefly-mediated inoculation and
agroinfection, and its geographical distribution. Phytopathology 150: 423-430.

Bananej K, Kheyr-Pour A Ahoonmanesh A (1998). Identification of watermelon chlorotic stunt
virus (WmCSV) in Iran. Proc 13th Iranian Plant Protec Cong, Iran, Karaj, p 194.

Bedford ID, Briddon RW, Jones P, Alkaff N Markharn PG (1994). Differentiation of three
whitefly-transmitted geminiviruses from the Republic of Yemen. Eur J Plant Pathol 100:

243-257.


http://www.sciencefromisrael.com/link.asp?id=1626541607778687
http://www.sciencefromisrael.com/link.asp?id=1626541607778687

SN

(1393 [l d o )led 6 0,93) ($5,5LES (5485 g Aloes

e

Brown JK, Fauquent CM, Briddon RW, Zerbini M, Moriones E, Navas-Castillo J (2012). Family
Geminiviridae. Pp. 351-373, In: A M Q King, MJ Adams, EB Carstens and EJ Lefkowitz
(eds.), Virus Taxonomy: The Ninth Report of International Committee on Taxonomy of
Viruses, Academic Press, New York.

Brown JK, Idris AM, Fletcher DC (1993). Sinaloa tomato leaf curl virus, a newly described
geminivirus of tomato and pepper in west coastal Mexico. Plant Dis. 77:1262.

Dafalla GA, Gronenborn B, Kheyr-Pour A, Lecog H (1998). Watermelon chlorotic stunt virus: A
new emerging epidemic in export melons in Sudan. In: 2nd Int. Workshop Bemisia
Geminiviruses, San Juan, Puerto Rico. p; 37.

Fazeli R, Heydarnejad J, Massumi H, Shaabanian M (2009). Genetic diversity and distribution of
tomato-infecting begomoviruses in lIran. Virus Genes 38: 311-319.

Gilbertson RL, Rojas M, , Natwick E (2011). Development of integrated pest management (IPM)
strategies for whitefy (Bemisia tabaci)-transmissible geminiviruses. Pp. 323-356, In: WMO
Thompson (ed.), The Whitefy, Bemisia tabaci (Homoptera: Aleyrodidae) Interaction with
Geminivirus-Infected Host Plants, Springer Science, New York.

Gholamalizadeh R, Vahdat A, Keshavarz T, Elahinia SA, Shahraeen N, Bananej K (2008).
Occurrence, distribution, and relative incidence of viruses infecting cucurbit crops in
Guilan Province (Iran). Proc. 18th Iranian Plant Protec. Cong., Iran, Hamedan, p 503.

Hajimorad M, Kheyr-Pour A, Alavi V, Ahoonmanesh A, Bahar M, Rezaian MA, Gronenborn B
(1996). Identification of whitefly transmitted tomato yellow leaf curl geminivirus from Iran
and a survey of its distribution with molecular probes. Plant Pathol 45: 418-425.

Heydarnejad J, Hesari M, Massumi H, Varsani A (2013). Incidence and natural hosts of Tomato
leaf curl Palampur virus in Iran. Aust Plant Pathol DOI 10.1007/s13313-012-0164-0.

Heydarnejad J, Hosseini Abhari E, Bolok Yazdi HR, Massumi H (2007). Curly top of cultivated
plants and weeds and report of a unique curtovirus from Iran. J Phytopathology 125: 321-
325.

Heydarnejad J, Khosrowfar F, Razavinejad S, Massumi H, Tabatabaei Fard SJ (2010). Incidence
of Watermelon chlorotic stunt virus in Fars and Kerman provinces. Proc. 19th Iranian Plant
Protec. Cong., Iran, Tehran, p 672.

Idris AM, Brown JK. (1998). Sinaloa tomato leaf curl geminivirus: biological and molecular
evidence for a new subgroup 11 virus. Phytopathology 88:648—657.

Idris AM, Hiebert E, Bird J, Brown JK. (2003). Two newly described begomoviruses of
Macroptilium lathyroides and common bean. Phytopathology 93:774-783.

Jamil M, Ul Haqg I, Mirza B, Qayyum M (2012). Isolation of antibacterial compounds from
Quercus dilatata L. through bioassay guided fractionation. Ann. Clin. Microbiol.
Antimicrob. 11:1-11.

Jones P, Satar NW, Alkaff N (1988). The incidence of virus disease in watermelon and
sweetmelon crops in the Peoples Democratic Republic of Yemen and its impact of cropping
policy. Aspects Appl. Biol. 17: 203-207.

Kheyr-Pour A, Bananej K, Dafalla GA, Caciagli P, Noris E, Ahoonmanesh A, Lecoq H,
Gronenborn B (2000). Watermelon chlorotic stunt virus from the Sudan and Iran: Sequence
comparisons and identification of a whitefly-transmission determinant. Phytopathology 90:
629-635.

15



SN

1393 315,40 5 hlons!

e

Lecoq H, Dafalla GA, Mohamed YF, Ali HM, Wipf-Scheibel C, Deshiez C, Eljack AE, Omara
SK, Pitrat M (1994). Survey of virus diseases infecting cucurbit crops in Eastern, Central
and Western Sudan. Khartoum Univ. J. Agric. Sci. 2: 67-82.

Lefeuvre P, Martin DP, Harkins G, Lemey P, Gray AJA, Meredith S, Lakay F, Monjane A, Lett
JM, Varsani A, Heydarnejad J (2010). The spread of Tomato yellow leaf curl virus from
the Middle East to the world. PLoS Pathogen 6: 1-12.

Morales FJ (2006). History and current distribution of begomoviruses in Latin America. Adv

Virus Res 67:127-162.

Muniz M (2000). Host suitability of two biotypes of Bemisia tabaci on some common weeds.
Entomol. Exp. Appl. 95: 63-70.

Peyvast GA (2005). Vegetable Production. Daneshpazir Publication, Rasht (Gilan), 487pp.

Sufrin-Ringwald T, Lapidot M (2011). Characterization of a synergistic interaction between two
cucurbit-infecting begomoviruses: Squash leaf curl virus and Watermelon chlorotic stunt
virus. Phytopathology 101:281-289.

Ucko O, Cohen S, Ben Joseph R (1998). Prevention of virus epidemics by a crop-free period in
the Arava region of Israel. Phytoparasitica 26:313-321.

Zhang YP, Uyemoto JK, Kirkpatrick BC (1998). A small-scale procedure for extracting nucleic
acids from woody plants infected with various phytopathogens for PCR assay. J Virol
Methods 71: 45-50.

16



SN

(1393 [l d o )led 6 0,93) ($5,5LES (5485 g Aloes

e

Identification of Wild Hosts of Watermelon Chlorotic Stunt Virus in South and
Southeastern Iran
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Abstract

Watermelon chlorotic stunt virus (WmCSV) is one of the destructive viruses of watermelon
in south and southeastern Iran. In order to identify the wild hosts of the virus, watermelon
growing areas of Minab (Hormozgan province), Roodbar-e-Jonob and Arzuiyeh (Kerman
province) were surveyed and weed samples collected within and around the severely infected
farms. The infection of the samples was tested by PCR using specific primer pair. Results
showed that 14 weed species from 12 genera and nine plant families are infected with WmCSV.
Most of the infected weeds were symptomless and did not show any specific symptoms. All the
infected weed species in this study are reported for the first time as the WmCSV host in the
world. In order to compare WmCSV isolates from weed species, the amplified 655 bp segment of
coat protein (CP) gene from 11 infected weeds were cloned and sequenced. Comparison of
nucleotide and amino acid sequences of 11 WmCSYV isolates showed close similarities with each
other and with the GenBank isolates. The closest GenBank isolate was the previously reported
Iranian isolate from Bandar-Abbas (Hormozgan province) with 98/9-99/2 and 96/8-100%
homologies for nucleotide and amino acid sequences, respectively. According to the results of
this study, weed species are secondary hosts and serve as the reservoirs of the WmCSV. Thus,
these weeds could be potentially important in epidemiology of the virus.
Keywords: Geminivirus, Begomovirus, Watermelon chlorotic stunt virus, Bemisia tabaci,
Whitefly, Weeds
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