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SEQUENCING OF SIX IRANIAN ISOLATES OF WATERMELON MOSAIC
VIRUS AND PHYLOGENETIC COMPARISON OF IRANIAN ISOLATES
WITH OTHER ISOLATES OF THE WORLD
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Table 1. Location and number of cucurbits samples tested and number of WMYV infected plants in Golestan province in July

and August 2008 based on ELISA tests.

S13 i 30 e J saa Sialesl 3550 (gl gas laas 03 31 (5145 503 slas
Gonbad Watermelon 10 0
melon 5 0
Pumpkin 18 2
cucumber 8 0
kalaleh watermelon 9 0
pumpkin 11 0
Aliabad Katul melon 7 2
pumpkin 11 0
Gorgan melon 4 0
pumpkin 12 4
cucumber 3 0
Bandar Torkaman melon 10 6
pumpkin 16 0
cucumber 9 2
watermelon 14 1
Bandar Gaz watermelon 14 8
pumpkin 10 0
melon 8 3
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Table 2. Accession number, host, country, genome region and length of segment of the strains or

isolates of watermelon mosaic virus deposited in GenBank

. o5 wilee (bp)J sb Accession
A 4l Ol 058 et
WMV pumpkin Japan NIb-CP 1167 AB353119
precursor
WMV -Fr watermelon France comp. 10035 NC 006262
WMV Australia CP-UTR 1157 D00535
WMV Melon South Korea comp. 10037 AB369278
WMV USA 3308 D13913
WMV- Ch99/69 China NIb-CP-UTR 1154 EF127832
WMV -Pk C. melo var flexuosus Pakistan comp. 10039 AB218280
WMYV -CHN watermelon China comp. 10037 DQ399708
WMV New Zealand 1736 AY995215
WMV Pak Snake gourd Pakistan NIb-CP_UTR 2045 AB127934
WMV-Fr France comp. 10035 AY437609
WMV-HLJ China cp 852 AY464948
WMV MAL99.5 C. melo Spain cp 873 AJ579524
WMV SG99.3 C. melo Spain cp 873 AJ579519
WMVMAD95.6 C. melo Spain cp 873 AJ579509
WMV C. melo Spain cp 873 AJ579502
WMV C. melo Spain cp 873 AJ579493
WMV C. melo Spain cp 873 AJ579491
WMV C. melo Spain cp 873 AJ579486
WMVM116 Spain Nib-CP 1602 AF551334
WMV Israel cp 843 AF322376
WMV Tonga Nib-CP-UTR 1656 L22907
WMV Habenaria Japan Nib-CP-UTR 1180 AB001994
KER.JI.1 Citrullus colocynthis Kerman-Jiroft cp 822 EU667627
KERKE.1 Cucumis melo L. Kerman-Kerman cp 822 EU667644
YAZ.SH.1 Cmelo L. Yazd-Sadogh cp 822 EU667635
YAZMO.1 Cucumis sativus Yazd- cp 822 EU667638
L.(cucumber) Mohsenabad
ESF.ES.1 Cucurbita moschata, Esfahan- cp 822 EU667637
Iranian cultivar Esfahanak
ESF.ES.2 C. melo L. Esfahan- cp 822 EU667640
Esfahanak
YAZMO.2 Cucurbita pepo cp 822 EU667630
ESF.GA.1 C.sativus L. (cucumber) Esfahan-Gaz cp 822 EU667641
ESF.GA.2 Cucurbita maxima Esfahan-Gaz cp 822 EU667634
ESF.ES.3 C.sativus L. (cucumber) Esfahan- cp 822 EU667633
Esfahanak
HOR.HA.1 C.melo L. Shahabadi cp 822 EU667628
cultivar
ESF.GA.3 C.sativus L. (cucumber) Esfahan-Gaz cp 822 EU667643
ESF.ZA.1 Cucurbita moschata Esfahan- cp 822 EU667639
Duch (pumpkin) Iranian Zarinshahr
cultivar
ESF.ZA.2 C.melo L. Esfahan- cp 822 EU667636
Zarinshahr
URO.NA.1 C.maxima Duch. E Lam. Uromiae- cp 822 EU667629
(winter squash) Naghadae
URO.OS.1 C.melo L., kesavarz Uromiae- cp 822 EU667631
cultivar Oshnaviae
ESF.ZA.3 C.sativus L. (cucumber) Esfahan- cp 822 EU667642
Zarinshahr
YAZ.TA.1 Cucurbita pepo Yazd-Taft cp 822 EU667632

(summer squash)
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Fig 1. Watermelon mosaic virus symptom on cucurbit plants, a) mosaic and mottling on melon leaf blade, b) mosaic and
blistering of watermelon leaf, c) blistering and deforming of melon fruit, d) reducing size and blistering of watermelon fruit
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Fig 2. PCR products on 1% agarose gel. Left to right Lane 1) DNA marker, Lane 2) Distilled water as negative
control, lanes 3-9 WMV infected samples. A 1055nt segment was amplified in PCR reaction.
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Table 3. Accession Number, host, and length of segment of the sequenced isolates of Watermelon mosaic virus

L;)jl@.g- Joe 0L 50 (bp)J sk Accesion ;i
Bandar Torkaman 129 Watermelon 958 GQ421156
Gonbad 68 melon 958 GQ421157
Mashhad Summer squash 963 GQ421158
Gorgan 132 Winter squash 958 GQ421159
Kordkuy 127 Summer squash 958 GQ421160
Shiraz Summer squash 962 GQ421161

Glaasliz du oy, S a0 by pl S50 Y IS

5 obleis) Kk ot ol s e s 0L |, WMV
03 i b 9 Bl =00 3| , =S bootstrap L l_aaxl i
Aledis S5 Sblalil (g5, pL) pl 5 Lileds (condense)
S F it ST sl 4 330 stabie oSy
WKlazs S 1 3
Wl Wl il b Lld slalis Lels =) o5 S
dgta 5 O S Ol i) Olghsl
ols el 55 5 5l gl =Y 6y S
o5 s eS (o gl i Y oy S
DSl i 53 =¥ o5 S
Ole S Ol 3l aslitor Gy 33 5l bl 4w =0 65 8
s g glaasld= 5 (KERIIL) 0l S 5l alds G =% 05 S
(Ll S i oy pl 5l SS)Tonga s (el Ll

Lol a5l s ik sl mi L) 058

V¥4

3de o dd 3l 5 pad 4l b blie 35 CP-UTR 4L
Sl alS (a5l 5 AVOY 0o ¥ Comd e L blas VOO nt
= 5 5 Lssl (EUBB0584 [l .,) IR02-1 i,
ssb gl sline Glay5iS L )5S el el alis
Sk oty 5 (F Jgdr) K (g3laiys pon 810
(sl o o3ls OLES SledBD) 3 5 s 5 05 S 2 610
Woslss ool 5htws § obsl glas ) sl Wl e Sl
- & 4S 54 (Sharifi et al. 2008) Ol as by o 85l 3
s by e 5 Gl CP axU 5l a5l 5 ADe Jslae
Sadsed S5 (Ol S 525 Oletal sladlal) Ol L1 (655 5
13 GenBank 3 ol 2l 3 a8 (6 s gel 3L s aey )|
Gl 5 5ok S3Y Jsds 534S ol TRO2 alds ol o303
Ol 0ol 3T (s 4 b e Vaasl ol cponns 0T JulS
oo 3 Ll Obsme 5 sline dawliz 4 by e Sledbl ool
Lol ¥V plicadd oad S3Y Jsder s GenBank Lo

LA IET ek Gl 5 e e £



VFYN0F YA o / Y o kel / FO W/ alE slgsslow

5l G slaalir ¢ gamme 55 by pe £ 55 n i
Jels 5 258 e MBI LT & G, ol Ll 53 45 4 5iL3)
A3 S als 1078 & ) Olyee AL

oJ.__ZJSS\‘J)Je-ﬁ_A:@'wLSLMJJf);dN/dSW
55 0/ FY s e Ol | Siskd glaes S Sl
Dlie g iy dewy e o/ 00A s el 4 s ol O
DL )j_.; 4}-):;‘@\ °/°q\V/\4SC~w\9OJJ§)}dN/dS
@\ﬂ\ﬂ%jﬁdN)\MQ\ﬁ\WﬁjlﬁhWJS
aj;\)ds )\J..E.a aﬁ:ﬁSquﬁw\p(dS) &JJ‘fﬁ
sl /Yo OYF Uslas a5 515 3,5

Cou

3

53 0L sAS Sla s s G S ml 5l S WMV
A=S s 3l Dol il SV e 4 aS Culis
> .(Grafton-Cardwell et al. 1996, Ullman et al. 1991)
Gl 81 plol sy ol 3550 3 (S3kate Slallas Oyl
33 0Ll G s 53 s s ool Cumds 1 L5158 Ll
Ol 53 WMV 281 s 5 plalid s s
Gble i 53 s s onl & sls QLS YAV Jl s oledS
Ol e AV o 5 (sl OLalS s 51 sls 3 52
s S g ols ol bl 5y a1y S5 ]
=D SINO/E il e L A by e Sy
Spd ga by o WMV ey Ol s o sdaline Sl 50
Sl OLalS a0l 53 s s ol Sl 4l
Ale 5 (6,505 OLalS G s Ll 3 o 350 ms
dleds 5158 Ol s Ol e 4y J—dls 5 Habeneria
(Garaetal., 1997 Wang etal.1993)
Jlos il ;a5 OGS Gla s s s
Sl il bl 5 Jul b s als (Sas (g3

S ol a S 15 65 8 cnl 53 &S 5ls 54 s GenBank
s5msn Sl Gl A Sl dede alis K O S gl
LS e 305 S ol 53 4l VY (GenBank s

035 53 itn Ll G gm0 by ¥ 5 Y slaes S
Sl oS ol ok 0 Ko 5 bl 53 L lnd wlis
i Mo e b (S35 cals 780) YU S5 da,
AL e opl5 5l K5 45w & 5 Habenaria radiata |

Gl bl it s 0 05,5 5 OaSL i 93 ¥ 058
S 255 e st Joli sy am Ol G e
Fos S Lilodd e br S5 53 a3l 53 ahr e O
Ll el 55 (KERJTD) 0le S slaslir Jali &8 a5l s
05,5 SO oLl @,;J.ngl‘\swwongaj&if?
Sl Jolls 3y 50 Lo glimal 4 das o S35 1 uslel
Gl Yoy 8 3 opll lamliz JUS 55 5l d gl 8 S
M & o8 53 Ol SKERIIT i 5 5,5 55 Ul 2l
Ssld sdues S L (geographical isolation) _,Lsl -

2ol Gl gen

ﬁjtﬁw‘)ﬁ
|, diversity,n) S5 ¢ 55 Ol e 45 (S5 alold Sl
s °/°Vr)wbmbuq\krwé‘ﬂx5&umiﬁn
03 350 Soslite (g3 U cadeses glaos S 37 lde
(o/oo (o/o\Y (o/0\F °/°\/\bg_,_§j4d?\_7\ 6LAAJJ§
S f 5 o SKls &S Jage 53 3 plp o/oYY se/oX)
fl_o_? L;‘J'f )‘.LE.A u.ﬂ JJ.’/Y e o/oYo S 9d>— Ldso}; NEBE)
355 Llal alis Y0 Ll o Uyl slanlas sl 5 o/oTF
¢ il Gl s S aloue 0/0 VY s g aldl i
atl_.éb S42r V_b)v_l&)_:.}?ajjj)i WQ})‘)‘M
3 0/ oYY S5 g5 Ol gl 55 Sl oSl

Ll . oils (g xS e Olpl laaslos 4 s (..A)b Y



o Ssn o Sl ale Gl Gl 5 e 1 LK 5 e

@ — BAR®92  —
L— wus

ZAR99.1

BAR95 1
MAL99 5
MAD.95.6
BAD95 1

[ FeNCovs2621
w | FrAY437600

A 1i

G had

7 G-Kordkuy
G-B.Torkamai

20

G-Gorgan
50 ESFGA3 Gpl
© ’—: KERKE1
I— YAZSh1
Mashhad

95

ESFZA2
ESF-ES1

ESFGa2
= & ESF-ES2
{ESF-ES:i
& ——————EsFza1
ESFZA3
ESF-GA1
IR02-54
UROMNA1
Israel
WMV-Pk
% L WMVPak }

86 YAZMO1
9 YAZMO2
7 Gp s
YAZTA1

| HORHA1

KERJI1
| New Zealand

8G99.3 Gp6
WMV-USA

WMV Tonga
AB369278

o WMV CHN
& WMV ch 99/69
WMV HLT

[ Shim
e I }“”
o Habenaria

Tn MWMV Jce?

S 05 5 A5 S B V0o (g3l iys e odsl Cwws 4 meighbour joining iy, 4 ol o S5 CE Y S
51 i bootstrap pslie .ol b, IS 4 K35 9k3 Jasl gy aewlons (gl Voo bootstrap ,laie WMV ali> VL35 5
el g3 ks Ol 5 s slawlde Ll odd 05 38 O )'I,:«S(G,l Loole ads; 9 Col ol als OLG W an 89, 00
el 0 dS 0 detS Lot gl pU 5 5 b Sy b G
Fig 3. Neighbour joining tree obtained from alignment of a 750 nt of coat protein gene of the 47 isolates of WMV. A bootstrap

analysis was applied using 100 replicates. Bootstrap values higher than 55 are indicated on nodes, and the nodes less
than 55 were condensed. The isolates, which have been sequenced here, were underlined and bolded.
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Table 4. Genetic diversity and amino acid substitution ratios in different isolates of WMYV in populations
and phylogenetic groups

g sl Pi(s)'J&C Pi(a)’J&C dN/dS 555 55 (1)

World 47 0.18198 0.00855 0.047 0.042
East 9 0.2485 0.01009 0.0406 0.056
Europe © 41 0.08474 0.00305 0.03599 0.023
Iran 24 0.14256 0.00821 0.05759 0.036
gr.l 29 0.06778 0.00459 0.06772 0.018
gr2 3 0.07378 0.00229 0.031 0.016
gr3 4 0.04717 0.00172 0.03646 0.012
grd 2 0.00 0.00 0.00 0.00
grs 4 0.04755 0.01288 0.2738 0.021
gr.6 5 0.09425 0.00855 0.09178 0.027

Jukes and Cantor (1969) ) Jlesl L Gl 2o 2 il- 2
Jukes and Cantor (1969) T Jlesl b ol el soiil- b
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s S eslial Ol 5 Los bl Gl 5 ¥8 (g3l s jen 51 S35kt

a. Synonymous substitution, with Jukes and Cantor (1969) correction

b. Nonsynonymous substitution, with Jukes and Cantor (1969) correction

c. Multiple alignment and dN/dS calculations for European isolates were independently performed, but multiple alignment of 46
selected sequences of the world and Iran were used for other populations and phylogenetic groups.
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