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strains in Iran

M. Shirvani' and M. Siampour"

(Received: 1.9.2018; Accepted: 20.12.2018)

Abstract

Cucumber mosaic virus (CMV) belongs to the genus Cucumovirus of the family Bromoviridae. Compared to
other plant viruses, it has the broadest host range, and is reported from different regions of Iran. In the
present study, the genetic diversity of Iranian CMYV isolates was estimated through the sequence analysis of
all the CMV genes and compared to those in other countries. To this purpose we report the genome sequence
of two CMV strains isolated from squash (SqSh) and melon (MeEs) in Shiraz and Esfahan. The two isolates
were closely related based on the analysis of all gene sequences. Phylogenetic analysis revealed that most of
the Iranian CMV isolates belonged to the subgroup IA, however, they did not share a most recent common
ancestor based on RNAs 2 and 3. The reassortment type of IA-IA-IB was fount to have played a very
important role in the evolution and genetic diversity of CMV population in Iran. 1a and CP ORFs had the
lowest and highest genetic diversity among Iranian CMV population of the subgroup I, respectively. We

suggested that migration in long and short distances have played a role in evolution and genetic structure of
CMV strains in Iran.
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Table 1. Primers designed in this study for amplification and sequencing of full length RNAs 1, 2 and 3 from
CMY isolates MeEs and SqSh.

Primer Primer sequence (5°-3”) Positions” Target RNA
(Forward/Reverse) Forward/Reverse
RNIF1/RNIRI GTTTATTTACAAGAGCGTACGGTTC/

TTCCTCCATTGACAATTAAG 1-800 RNAI
RN1F2/RN1R2 AGCCCACTTT GCTATATCTA/

TTCATACTTCATTTTTGTGTG 600-1380 RNAI
RNI1F3/RNIR3 GCGTGGATGGAGCAATTCAAG/

GGAATTTCTTTTGTCATCACC 1210-1940 RNAI
RN1F4/RN1R4 TCGACTCCCTGTCAGCTCAG/

TTCGCCCTTGAAATCAGTGA 1780-2820 RNALI
RN1F5/RNEnd CCATTCAAAATACACGAAAT/

TGGTCTCCTTTYAGA 2660-3355 RNAI
RN2F1/RN2R1 GTTTATTTACAAGAGCGTACGGTTC/

GCGCACGATTTCTTTAAAGC 1-720 RNA2
RN2F2/RN2R2 TTCTTTCGAACCGTGGTCCC/

ACATCGGATTTTATCATGTG 600-1380 RNA2
RN2F3/RN2R3 AACTTCCACGATTACATGG/

GGAAATTAGCGGTATACTTC 1275-2275 RNA2
RN2F4/RNEND CTATTATTCAGATCGTCGTC/

TGGTCTCCTTTYAGA 2170-3025 RNA2
RN3F1/RN3R1 GTAATCTTACCACTGTGTGTG/

TAGAGTCTTCCCAGCTGCGA 1-680 RNA3
RN3F2/RN3R2 CAAGCAAGGTTTTCTTCTAAG/

AGGAGGGGGCGGAGCGGGAA 580-1320 RNA3
RN3F3/RNEnd CTTTTGTGTCGTAGAATTGAG/

TGGTCTCCTTTYAGA

1200-2190 RNA3

?: approximate nucleotide positions of forward-reverse primers in CMV strain SqSh.
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Fig.1. ML phylogenetic tree generated based on the nucleotide sequences of RNA1 segment of CMYV isolates from
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are collapsed. Isolates are represented by their strain names and cccession numbers
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Fig.2. ML phylogenetic tree generated based on the nucleotide sequences of RNAs 2 and 3 of CMY isolates from
different countries. Bootstrap values of above 50 are shown on the nodes and nodes with lower bootstrap values
are collapsed. Isolates are represented by their strain names and cccession numbers. Change in phylogenetic
position of Iranian strains between the two trees is shown.
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Fig.4. ML phylogenetic tree generated based on the 3a gene sequence of CMYV isolates from different countries.
Bootstrap values of above 50 are shown on the nodes. Isolates are represented by their strain names and
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Table 2: Sequence identity (%) of the CMV gene
sequences from geographical populations of Iran and
other countries
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Open Reading Frame'

Population la  2a 2b MP CP
Subgroup I

World (mean)* 927 943 93.02 948 95.2
Iran (mean) 99.2 98.1 986 96 95.6
Subgroup I+II

World (mean) 91.7 92.7 93 92.7 92.8
Iran (mean) ND' ND ND ND 946

1. See figs1-5 for list of isolates used

2. excluding Iranian strains

3. Minimmum sequence identity between pairs of
sequences

4. Not determined
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Table3: Mean nucleotide distance of CMV genes in different geographical populations ( Iran and other

countries) using Jukes-Cantor model

Open Reading Frame'
Population la 2a 2b MP CP
Subgroup I
World® 0.077(0.003) 0.061(0.003) 0.074(0.008) 0.054(0.005) 0.049(0.005)
Iran 0.008(0.001) 0.021(0.002) 0.014(0.003) 0.043(0.005) 0.045(0.005)
Overall’ 0.073(0.003) 0.055(0.002) 0.059(0.007) 0.053(0.005) 0.050(0.005)
Subgroup I+11
World® 0.028(0.002) 0.028(0.002) 0.027(0.004) 0.027(0.003) 0.023(0.003)
Iran 0.008(0.001) 0.021(0.002) 0.014(0.003) 0.014(0.002) 0.021(0.003)

1. See figs1-5 for list of isolates used
excluding Iranian strains

2.
3. Minimmum sequence identity between pairs of sequences
4.

Not determined
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Table 4. Mean nucleotide diversity of CMYV isolates (Subgroup IA) calculated by averaging over all CMV 1a, 2a
and 2b gene sequence pairs in different geographical regions using Jukes-Cantor model

ORF and Population' N° Iran Turkey Japan S.korea China Europe USA
ORF 1a

Iran 15 0.008(0.001)° ND*

Turkey 7 0.021(0.002  0.022(0.002) ND

Japan 9  0.029(0.003) 0.030(0.003) 0.021(0.002) ND

S.Korea ND ND ND ND ND

China 1 0.050(0.004)  0.053(0.004) 0.052(0.004) ND ND

Europe 2 0.029(0.003) 0.024(0.002) 0.027(0.002) ND 0.052(0.005) ND

USA 2 0.022(0.002)  0.022(0.002) 0.026(0.002) ND 0.051(0.004) 0.018(0.002) ND
ORF 2a

Iran 15 0.021(0.002)°

Turkey 6 0.019(0.001) 0.013(0.001)

Japan 18 0.031(0.002) 0.030(0.002) 0.025((0.002))

S.Korea 7 0.031(0.002) 0.030(0.002) 0.025(0.002)  0.024(0.002)

China 2 0.037(0.003) 0.041(0.003) 0.040(0.003)  0.041(0.003) ND

Europe 2 0.020(0.002) 0.016(0.002) 0.027(0.002)  0.027(0.002) 0.038(0.003) ND

USA 2 0.024(0.002) 0.025(0.002) 0.032(0.002)  0.032(0.002) 0.031(0.003) 0.024(0.002) ND
ORF 2b

Iran 35 0.014(0.003)’

Turkey 6  0.020(0.004) 0.024(0.0006)

Japan 19 0.027(0.005) 0.033(0.006) 0.023(0.005)

S.Korea 8  0.026(0.006) 0.032(0.007) 0.020(0.004)  0.017(0.005)

China 2 0.039(0.008) 0.046(0.009) 0.042(0.008)  0.041(0.009) ND

Europe 2 0.018(0.005) 0.024(0.005) 0.024(0.005)  0.024(0.006) 0.037(0.008) ND

USA 2 0.023(0.005) 0.029(0.006) 0.031(0.006)  0.030(0.007) 0.028(0.006) 0.021(0.005) ND
1. Related to the subgroup TA

2. Number of isolates. See figures 1-3 for list of isolates used

3. Genetc distance within each country is shown in bold. Numbers in parenthesis are standard errors

4. ND, not determined

Bashir et al. 2006, Roossinck 2012, Davino et ) &l Eou

al. 2017, Nouri et al. 2014, Kim et al. 2014,
! — .(Ohshima et al. 2016, Bolou et al. 2018
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Table 5: Mean genetic distance of CMYV isolates calculated by averaging over all CMV MP and CP gene
sequence pairs in different geographical populations using Jukes-Cantor model

ORF and Population' N° Iran Turkey Japan S.Korea China Europe USA
Mmp

IA+IB

Iran 29 0.043(0.005)°

Turkey 6 0.044(0.005) 0.039(0.005)

Japan 21 0.043(0.005) 0.042(0.005) 0.027(0.004)

S.Korea 18 0.066(0.007) 0.064(0.007) 0.062(0.007) 0.052(0.006)

China 6 0.064(0.007) 0.061(0.007) 0.062(0.007) 0.062(0.006) 0.058(0.006)

Europe 15 0.047(0.005) 0.040(0.004) 0.038(0.005) 0.063(0.007) 0.060(0.006) 0.041(0.005)
USA 2 0.037(0.004) 0.034(0.004) 0.026(0.004) 0.059(0.007) 0.057(0.007) 0.030(0.004) ND*
1A

Iran 22 0.014(0.002)

Turkey 4 0.022(0.004) 0.003(0.001)

Japan 21 0.025(0.004) 0.026(0.004) 0.027(0.004)

S.Korea 6  0.027(0.004) 0.027(0.005) 0.027(0.004) 0.023(0.004)

China 1 0.026(0.005) 0.018(0.005) 0.027(0.005) 0.030(0.006) ND

Europe 12 0.024(0.004) 0.014(0.002) 0.028(0.004) 0.028(0.004) 0.023(0.004) 0.021(0.003)
USA 2 0.017(0.003) 0.014(0.003) 0.026(0.004) 0.027(0.005) 0.021(0.004) 0.019(0.003) ND
Ccp

IA+IB

Iran 107 0.045(0.005)

Turkey 6  0.049(0.006) 0.037(0.006)

Japan 21 0.046(0.006) 0.042(0.006) 0.025(0.003)

S.korea 18 0.065(0.007) 0.059(0.007) 0.055(0.007) 0.048(0.006)

China 6  0.064(0.007) 0.058(0.007) 0.056(0.007) 0.066(0.007) 0.059(0.007)

Europe 11 0.049(0.006) 0.034(0.004) 0.035(0.005) 0.055(0.007) 0.054(0.006) 0.030(0.004)
USA 2 0.038(0.005) 0.035(0.005) 0.028(0.005) 0.054(0.007) 0.056(0.007) 0.030(0.005) ND
1A

Iran 72 0.021(0.003)

Turkey 4 0.034(0.006) 0.005(0.002)

Japan 21 0.032(0.004) 0.029(0.005) 0.025(0.003)

S.korea 6 0.030(0.005) 0.026(0.005) 0.021(0.003) 0.014(0.003)

China 1 0.032(0.006) 0.025(0.006) 0.024(0.004) 0.022(0.005) ND

Europe 8  0.033(0.005) 0.009(0.002) 0.029(0.004) 0.025(0.005) 0.023(0.005) 0.009(0.002)
USA 2 0.024(0.004) 0.020(0.004) 0.029(0.004) 0.026(0.005) 0.025(0.005) 0.020(0.004) ND

1. Related to the subgroup I(IA +IB) or IA
Number of isolates. See figures 4 and 5 for list of isolates used

2.
3. Genetc distance within each country is shown in bold. Numbers in parenthesis are standard errors
4.

ND, not determined

05 5 Sl odls s Lis 5 01l 55 CMV slaglos-
S3CMV leacs a8 slessl 5 Bl 4 o b ST ol
Ol T aS as [aseie elol cpl ol Lo 0!
03,5 25 4 Ghate Slal glaglir wen 5T 5 lal
s Yool ol O T slgs sl s bl o ais e IA
STA 0,8 55 a0 et Ol 5o CMV slaglir 5]

Y¥a

a_uls GLIsTA o5, S 5 <L_2el (Roossinck 2002

BE uL.OIB ASL}JJJ,;)J 0> ¢ L:.;J JS)J 3 U’:'J:‘“f
Ll 3l Zob SV aas 5l L3 B 5 Wl 3y Lwe]
Jacqumond 2012, Palukaitis and ) L5 4 edis 5,158

.(Garcia-Arenal 2003

Sl Col B s 55 5l el oLl ol axlllas

249



Ol 53 b Silise mgpg saaldr 21556 5 85 o Daple 5 Sl s

Lo adlS clanlir ¢4 3 Sl i oS 55 o A3
Ol s LU, ol 55 (Lin et al. 2004) c—ul a il
el op 4 S5 bl 53 (oS S5 S ol Jlex]
by JB addlas al s [ She ledss dowsy 5 w8 S
iy sl BB Sl S 58 sl 4Gl 5 ey
aS ol Jds s o dle 4 (Lin et al, 2004) wlazila
slas! Ol Ll Lo yase) CMV slagsl 0F 5T oIS p 535
A Ol gl s S 13 sy 2550 S Ol 5o (Y )
2 CMV Cmazr 655 5 1 odily (pl 8 Gds 550
slowl s Sos ol lee 50l 51 SGis) messs O )
Sl Sogr s s Lor e Sl Slews s o3 g
Pressing and Reaney 1984, Lin et al. 2004, )
VO e 5l 4l o axdlas o1 55 .(Jacquemond 2012
3 r ol 3315 end SIS £ 35 L Sl (s
g2 JB Cosr s g oAb G Sl L esls et
e 53 TATTACIB sl s IB 5 A (slaes S 5 e
doas oo dlezl g5 50 pl Ll sl S1al sladli
Lol CMV glagl of ST S5 oS 5 olal 5 oS
Il U 5 el e ololas sl Lol 5 e ¢ 555
s oledbl @ 5L bl s el asls o gllas
g = M ol Ol 31 (g i slaas i Sl
SCP L5 52b 05w bs e ool 5 Jlosi b 6) 55
s eded i3S Sl slaasls 5 43 MP
55 &) aallles 3 1,1 (Nematollahi et al. 2012)
O 03 s it ol sl sler ps8 s s
Fo A Sl aS Cl el gLl 58 Ol glawlos
Ben Tamarzizt et ) cowl s Ol 5l glaalas 5l slas
(23S 5 e sl sl s edle (al 2013
g5 Jlal (Gl e s S5 ms 330 v

Sl slealis 5l S s a5 S 5 05 S s

250

S S Ty, S 5 slaallsr Conex 5032 B e
5 S Saseie 6 50 Aol s £55 5 4k
claalis Jlis jsb 4.3l CMV glaglis 5l
o3l 5Ls) o 5 oLS 51,51 aS TA 65,8 5 51!
L_ (Ohshima et al. 2016) 4_s,) (Brassicaceae
AS eslgl = 5l S MeEs 5 Sqsh slLaala
o il Sos a3 Ls g Cucurbitaceae
Andika et ) Rhizoctonia solani z L5 5ICMV @l
S S BIA w5 8 50 i)l 5l 5 (al. 2017
Sy ol B OlalS Slead e lat g S 2 Lo
ls
Lo s s 0 Gl 5 e sl sSL 5l (SO
e O oy ol 5 CMV o ol (S 5580 95
S5 s Slo gt e Yozl 5 (S35 7 55 50
JH1 UL T g 535 Jomn oSt o ol atls s 5
Ohshima et al. 2016, ) ol o555 55 sle sl
4> .(Bonnet et al. 2005, Ben Tamarzizt et al. 2013
23 CMV glaalir 5l gl as sazms 55 s 2 S
Osls S 55 g oensilSls Ol i oS 555 (Ll
Sl ol jase fe s Comer SIS kil
Laglis= ol 5o S S8 @UU" .(Bonnet et al. 2005)
aS Jis s ekd L3S Y esled sl 0f T gy W
2 3 o o=l o3 ek edalins S g Gl
sl ol j 45 (Ohshima et al. 2016) J_<> ) aadlas
2 on o=l @l s 88 Ol g i) oled
L sl 10) sl s 4 01l CMV glaw i 5 40
liad a5 51 S 5 (o 3315 nd IS 35
5 AN s orl NS5 g 03 Sl A g s
&l Ol ST-NTR e s wlis sl ) G ols L

M%)ﬁz&iﬁ&iﬁ.;ﬁqkbvjsv oslas



YOF-YYY A¥AY Jlu / ¥ ojled / OF W/ aLE sla s le

g5 Ol o o S 3 Al 2l MP g s
Lo adls CMV slaaslior CP 03 ol apuloes S5
(Lin et al. 2004) 55 i MP ¢ 55 4 Soo3
el sl 5l e s 2B sl s CP 05
s b 3l 5 e ad Ol ) il LLE 51 CMV
Sokhandan Bashir et al. 2006, Rasoulpour and )l
! » .(Izadpanah 2008, Nematollahi et al. 2012
3105 o=l JelS 51,5 NCBI 6313 oLSGL 53 gt
Sl azs S 513 GenBank 3 ) ala VY 0
SR oress Ll 05 ! Sl Jdew 5
Lkl das cows 0151 ;3 CMV Cmar  SU55 g5
s 5 ) L CMV Sl slaalis oS sls OLe
LA in s S s iS Ko gl Sl e (S
2 @lBlAr i S eSS S OIS )
Sl o35 g (250 B O1pl glaalr (S5 55
=55 L EMV glaa i Shls el s b
Olgs 4.l Saaan 5528 s 5o Lol Lol i
5 il slglsee 5l 45 SqSh 5 MeES (slaali- Jt
L asledd 3lulitr cilin Ll aibes 55
o Als 53 Ol e s 5l s onl slawlas
S— 3 0=l 658 s i Al s Ol
La S50 oS dadee dlez! ansly ol i S 513 2D
o5 L e Ll Ol s 53 CMV
ke 53 CMV glaasler S50 cul 35 oLdl e
Sl asli Gl 86 Wlel 5 cply aole Kos 588
o=l .(Davino et al. 2012 Ohshima et al. 2016)
S AEL s s JUl S8 s @ Ll e p 5 e
2 Ladlge ool bu g ol 4 bad el
gl S5 S e O 3 Yok ol
el laalis MP 5 CP slgs s olul oSl

YO

Fom ol fabs A Aol ;S LTA 65, S 5 5o
3 el ol s O 4 1S &S agy e
(Lin et al. 2004) coul ol 158 50 s Slalas

Cos S Sl S i s e il @B
3 O5s - 5B wles S 5 ot oS das o OLES
53 53 Les A5 s S s gy S5
(Liu et al. 2009) 1 ;5 0y b B lix 05 5 5
g5 5 ol Vs Sl S bl JLasl fuls Y|
slaaslie Sl ol dlis Ol & &S 1 2 23 S
S IB LA 5,8 15 5o 5l oS 3 gm0
Sl s Laagltr ol sl s sle 4 S
g Sl 53 02,208 g5 35 5 oLl A pus
JB S5 g5 ol o LT (S s Wl e
AL A

f 5 il 45 3l 0L et oLl Glgllons
Skl yo Sl glaaliz 5 CMV lg (s 5dS 5
5 JLte Ol s o LT e oS0 L Ll
Sl 5l S Sl 1A g 55 S0l 1ol slaali
S dons e Jlal g ol il iler
CMV laasli ) sl O ST s (dg il 5 ol i
DT L sen 53 0 5w pde Eely Ol |
2 CP g S Syt ¥ la
Sl oS a5 Loy ,8 15) (Sl slaslis
S MP ,CP o] g wf:l_:ﬂw_.ew.x_w dl>es
Sl L amlie 53 Sl glawlir Tos S 5 slae!
ol L pa g a5 LB S s sl siS s Ll
Sl Lo, S 05 Sl glaalir 53 05 55 ol 653
5593 sl sis banglie 5o Iy ol 0l ls s
£ 45 e B el b Sl S 5
Sgasa B Moy, S 55 Lawlar ol 52 CP (S

251



Ol 53 b Silise mgpg saaldr 21556 5 85 o Daple 5 Sl s

a5l il ol 5308 S sl 4 Koy
Ol Wlgne 50 4SS ol ol (g iy ol by 58
L) ke sla) 525 51 Ol sl 4 Lgw il o ol oins
Syipe sdalin 0 IS 53 a8 shiles AL (S
b <ol 3 (Iran-Cladel) ol 5l slbaalo= 5l as K
Sanher SG L G 5 K Sl gl S L SO
S ol 3 IB glaasliz LU e 53 5l 0l
S e fse A &S 5 slaalir b6 550 5
3095 Sl Joolsh 53 CMV sbaalis & > les LI
2 SYsb Jealsd 0o e les o onl Bl S s
Davino ) .ol ol 35158 50 Skl gladlas 550
LSS i Ol Sl o3l LLSI opl s (et al. 2012
Pl e 5 Ol 53 sy S (s 2 )

3 g slgi 530S 4 s 29 3950

S (S 5 5l el ssdne sldad 4 ol 08) B oy S 5
slrasllr Al s Ul 6,8 41y gl S
S8 b S S 93 s Bl TA 65 8 05
3 CMV slaalus S das o Jloal asly 5l ds
G5 5o Ol 3505 5L Y Jalas 0l 53 TA 65,8
sl Bl

CMV slawlis SICP 03 S5k o olul
o=l o 5 TA 65,8 s Gaze Ol ol 53 el LIV
dran-Clade 1) was Slulis ) oM & et o5 S 503
S S slpmiy s ol LSl s (0 IS
sl YL olely b Wlazdl g Ol b 53 05 S ol eliael
ol SLAS) s bl )y 5wl

Ol 55 s aS 5l LS eSS dhols 4 by 10 Dolallas

Mals Cul 3 01l Glagllr o5 585 Ol 50 55k &

@l:.o

Andika I.B. Wei S. Cao C. Salaipeth L. Kondo H. and Sun L. 2017. Phytopathogenic fungus hosts a plant virus: A
naturally occurring cross-kingdom viral infection. PNAS, 114: 12267-12272.

Ben Tamarzizt H., Montarry J., Girardot G., Fakhfakh H., Tepfer M. and Jacquemond M. 2013. Cucumber
mosaic virus populations in Tunisian pepper crops are mainly composed of virus reassortants with
resistance-breaking properties. Plant Pathology 62:1415-1428.

Bolou B.A., Moury B., Abo K., Sorho F., Cherif M., Girardot G., Kouassi N.P., and Kone D. 2018. Survey of
viruses infecting open-field pepper crops in Cote d'Ivoire and diversity of Pepper veinal mottle virus and
Cucumber mosaic virus. Plant Pathology 67: 1416-1425

Bonnet J., Fraile A., Sacristan S., Malpica J.M. and Garcia-Arenal F. 2005. Role of recombination in the evolution
of natural populations of Cucumber mosaic virus, a tripartite RNA plant virus. Virology 332: 359-368.

Davies C. and Symons R. H. 1988. Further implications for the evolutionary relationships between tripartite plant
viruses based on cucumber mosaic virus RNA 3. Virology 165: 216-224.

Davino S., Panno S., Rangel E.A., Davino M., Bellardi M.G., and Rubio L. 2012. Population genetics of
Cucumber mosaic virus infecting medicinal, aromatic and ornamental plants from northern Italy. Archives of
virology 157: 739-745.

Doolittle S. P., 1916. A new infectious mosaic disease of cucumber. Phytopathology 6: 145-147

Gambino G., Perrone 1. and Gribaudo I. 2008. A rapid and effective method for RNA extraction from different
tissues of grapevine and other woody plants. Phytochemical Analysis, 19, 520-525.

Gibbs M.J., Armstrong J.S. and Gibbs A.J. 2000. Sister-scanning: a Monte Carlo procedure for assessing signals
in recombinant sequences. Bioinformatics 16: 573-582.

Guindon S., Dufayard J.F., Lefort V., Anisimova M., Hordijk W. and Gascuel O. 2010. New algorithms and
methods to estimate maximum-likelihood phylogenies: assessing the performance of PhyML 3.0. Systematic
biology 59: 307-21

Haase A., Richter J. and Rabenstein F. 1989. Monoclonal antibodies for detection and serotyping of cucumber

252 A\



YOF-YYY A¥AY Jlu / ¥ ojled / OF W/ aLE sla s le

mosaic virus. Journal of Phytopathology 127: 129-136.

Jacquemond M. 2012. Cucumber mosaic virus, pp. 439-504. In: Loebenstein G. and Lecoq H. (Eds.). Advances in
Virus Research. Academic Press.

Kim M.K., Seo J.K., Kwak H.R., Kim J.S., Kim K.H., Cha B.J. and Choi H.S. 2014. Molecular genetic analysis
of cucumber mosaic virus populations infecting pepper suggests unique patterns of evolution in
Korea. Phytopathology 104: 993-1000.

Lin H.X., Rubio L., Smythe A.B. and Falk B.W. 2004. Molecular population genetics of Cucumber mosaic virus
in California: evidence for founder effects and reassortment. Journal of virology 78: 6666-6675

Liu YY., Yu SL., Lan YF., Zhang CL., Hou SS., Li XD., Chen XZ. and Zhu XP. 2009. Molecular variability of
five Cucumber mosaic virus isolates from China. Acta virologica 53: 89-97

Martin D. and Rybicki E. 2000 RDP: detection of recombination amongst aligned sequences. Bioinformatics 16:
562-563.

Martin D.P., Murrell B., Golden M., Khoosal A. and Muhire B. 2015. RDP4: Detection and analysis of
recombination patterns in virus genomes. Virus evolution 1: 1-5

Maynard Smith S. J.1992. Analyzing the mosaic structure of genes. Journal of Molecular Evolution .34: 126-129.

Nematollahi S., Sokhandan-Bashir N., Rakhshandehroo F. and Zamanizadeh H.R. 2012. Phylogenetic analysis of
new isolates of Cucumber mosaic virus from Iran on the basis of different genomic regions. The Plant
Pathology Journal 28: 381-389.

Nouri S., Arevalo R., Falk B.W. and Groves R.L. 2014. Genetic structure and molecular variability of cucumber
mosaic virus isolates in the United States. PLoS ONE 9: €96582.

Ohshima K., Matsumoto K., Yasaka R., Nishiyama M., Soejima K., Korkmaz S., Ho S.Y.W., Gibbs A.J. and
Takeshita M. 2016. Temporal analysis of reassortment and molecular evolution of Cucumber mosaic virus:
Extra clues from its segmented genome. Virology 487: 188—197.

Palukaitis P. and Zaitlin M. 1997. Replicase-mediated resistance to plant virus disease, pp. 349-377. In:
K. Maramorosch, F. A. Murphy, A. J. Shatkin (Eds) Advances in Virus Research. Vol.48.

Palukaitis P., and Garci’a-Arenal F. 2003. Cucumoviruses. Advances in Virus Research 62:242-323.

Pressing J. and D. C. Reaney. 1984. Divided genomes and intrinsic noise. Molecular Evolution 20:135-146

Rasoulpour R. and Izadpanah K. 2008. Properties and taxonomic position of hoary cress strain of cucumber
mosaic virus. Journal of Plant Pathology 90:97-102.

Rasoulpour R., Afsharifar A. and Izadpanah K. 2016. Partial biological and molecular characterization of a
Cucumber mosaic virus isolate naturally infecting Cucumis melo in Iran. Virus Disease 27:193-197.

Roossinck M. J. 2001. Cucumber mosaic virus as a model for RNA virus evolution. Molecular Plant Pathology
2:59-63.

Roossinck M. J., Zhang L. and Hellwald K.-H. 1999. Rearrangements in the 50 nontranslated evolution region
and phylogenetic analyses of Cucumber mosaic virus RNA3 indicate radial of three subgroups. Journal of
Virology 73:6752

Roossinck M.J. 2002 Evolutionary history of Cucumber mosaic virus deduced by phylogenetic analyses. Journal
of Virology 76:3382-338

Roossinck MJ. 2012. Persistent Plant Viruses: Molecular Hitchhikers or Epigenetic Elements? Viruses: Essential
Agents of Life (Springer, Dordrecht, The Netherlands), pp 177-186.

Salminen M.O., Carr J.K., Burke D.S. and McCutchan F.E. 1995 Identification of breakpoints inintergenotypic
recombinants of HIV typel by Bootscanning. AIDS Research and Human Retroviruses 11: 1423—-1425.

Sawyer S.A. 1999. GENECONV: A Computer Package for the Statistical Detection of Gene Conversion.
Washigton University in St Louis, USA, Distributed by the author. Department of Mathematics. Available at:
(http://www.math.wustl.edu/ _sawyer).

Sokhandan-Bashir N., Kalhor M. and Zarghani S. 2006. Detection, differentiation and phylogenetic analysis of
Cucumber mosaic virus isolates from cucurbits in the northwest region of Iran. Virus Genes 32: 277-88.

Yor 253



