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Article Info ABSTRACT

Article type: Potato virus Y (PVY) is one of the viruses limiting tobacco and potato production in
the world. To investigate the biological and molecular characteristics of PVY isolates,
during 2010-2011, a total of 1178 symptomatic leaf samples of tobacco, potato, pepper
and grand cherry (Physalis divaricata) plants were collected from eight different cities
including Karaj, Urmia, Sanandaj, Shiraz, Qazvin, Varamin and Hamedan of Iran. The
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of coat protein) revealed that Tob2, Po5 and Ph1 isolates grouped into PVYNNTN clade,
while only isolate Po2 grouped into PVY© clade. The results of IC-RT-PCR using
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Extended Abstract
Introduction

Potato virus Y (PVY, genus Potyvirus, family Potyviridae), one of the top 10 most important plant viruses
(Scholthof et al., 2011), is a serious problem in solanaceous crops worldwide (Green et al., 2017a; Kerlan,
2006; Quenouille et al., 2013). Currently, five non-recombinant (PVY©®, PVYEN, PVYNAN PvYC and PVY©-
05) and nine recombinant strains (PVYN-, PVYNWi py/yNTNa p\/yNTNb p\/y NELL p\/YE gnd PVY-SYR -1l
and """y have been defined (Galvino-Costa et al., 2012; Green et al., 2017b; Karasev & Gray, 2013). Molecular
studies are useful tools to shed light on the molecular basis of virus geographical spread and adaptation to new
hosts and for designing appropriate epidemic control strategies (Elena et al., 2011; Jones, 2009). PVY has been
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reported in several regions of Iran (Hosseini et al., 2011; Pourrahim & Farzadfar, 2016; Pourrahim et al., 2007;
Sadeghi et al., 2008; Shamsaddin Saeed et al., 2008; Toosi et al., 2004). In this study, biological, serological
and molecular analysis of four PV isolates was performed based on the C-terminal of the coat protein genomic
region.

Materials and Methods

A total of 1178 symptomatic leaf samples of pepper, potato, tobacco and physalis were collected from the
fields in Karaj, Urmia, Sanandaj, Shiraz, Qazvin, Varamin and Hamedan counties during 2010-2011. The
samples were tested serologically by double-antibody sandwich enzyme-linked immunosorbent assays (DAS-
ELISA) as described by Clark and Adams (1977) using PVY -specific polyclonal antibodies (DSMZ, AS-0137).

Four ELISA-positive samples were biologically purified by serial single local lesion transfers and
propagated on Nicotiana glutinosa, then mechanically inoculated on a number of indicator plants. Total RNA
was extracted from infected N. glutinosa leaves by RNeasy Plant Mini Kit (Qiagen, Hilden Germany) and
subjected to RT-PCR using CPUTR-F/CPUTR-R primer pair to amplify the virus genomic 3' end (BukovinszKki
et al., 2007). Amplified fragments were extracted from the gel using a GF-1 Gel DNA recovery kit (Vivantis,
Malaysia) then sequenced directly in both directions (Macrogen Inc., South Korea).

Immunocapture-RT-PCR (IC-RT-PCR) was performed by using strain-specific primers as described by
Boonham et al. (2002).

The nucleotide sequences of Iranian isolates were compared against the online NCBI nt database using
BLASTN, then aligned to a set of PVY sequences available in GenBank. Pairwise nucleotide identities were
obtained by SDT v. 1.2 (Muhire et al., 2014), phylogenetic tree reconstruction was done by MEGA X (Kumar
et al., 2018).

Results and Discussion

PVY was detected by DAS-ELISA in samples of tobacco (27.27 %), potato (20.4 %) and physalis (18.75
%). Interestingly, although a large number of pepper samples were tested, none of them were infected by PVY.
Four biologically purified PVY isolates (P02, Po5, Tob2 and Ph1), obtained from potato, tobacco and physalis
caused local lesions on Chenopodium amaranticolor and systemic symptoms on Capsicum annuum, Datura
metel, Solanum lycopersicum, Nicotiana debneyi, N. glutinosa and N. rustica, with minor differences in
experimental host range. RT-PCR resulted in the amplification of the 3" genomic end of PVY isolates with the
expected size of 1200 bp. Phylogenetic analysis based on nucleotide sequences of partial coat protein gene
(encoding N- terminal region of coat protein) of four PVY Po2, Phl, Po5 and Tob2 isolates in this study (with
NCBI GenBank accession numbers of PP195788, PP195789, PP195790 and PP195791, respectively) with
other PVYY sequences available in GenBank revealed that Phl, Po5 and Tob2 isolates grouped into PVYNNTN
clade, while only Po2 grouped into PVY© clade. Pairwise nucleotide sequence comparisons of 55 PVY
genomes (for 51 isolates previously reported and the 4 isolates reported in this study) using SDT revealed that
Tob2, Po5 and Ph1 isolates have >94- 100% and Po2 has >99% identity with PVYVNTN and PVY© isolates,
respectively. Immunocapture-RT-PCR (IC-RT-PCR) by using the strain-specific primers resulted in the
amplification of a cDNA fragment with the expected size of 545 bp in Tob2, Po5 and Ph1 isolates and of 609
bp in Po2 one, which confirmed the phylogenetic results. No recombination event was detected in the partial
cp gene between 55 PVY isolates.

The information obtained can be a key element in future research to develop improved control strategies
for potato virus diseases in Iran.

Conclusion

The present study showed the occurrence of PVYNNTN and PVY© in different hosts based on biological
characteristics and molecular analyses of the partial cp gene nucleotide sequence. To our knowledge, this is
the first report of the occurrence of PVYNNTN on Physalis divaricata, while whole genome sequencing of this
isolate is needed.
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S. tuberosum L. ols PVYNA-N NTNOK105 AB331516
S. tuberosum L. o5 PVYNA-N NTNON92 AB331519
S. tuberosum L. Lilw! PVYC 28 AF012027
Solanum lycopersicumL. Lol PVYC LYES84.2 AJ439545
S. tuberosum L. OldSS PVYN SASA 207 AJ584851
S. tuberosum L. ol PVYWilga 156 AJ889867
Nicotiana tabacum L. Poland PVYNTN Ditta AJ890344
S. tuberosum L. auslyp PVYC Adgen AJ890348
S. tuberosum L. KWPW PVYN New Zealand AM268435
Tobacco e 58 50! PVYN N-Jg AY166867
S. melongena L. ol Boushehr EF455803
S. tuberosum L. IS 5ol PVYO PVY-Oz EF026074
S. lycopersicum L. L PVYC Foggia EU482153
S. tuberosum L. KHTS PVYC PRI-509 EU563512
S. tuberosum L. i MV99 HE608963
S. tuberosum L. Isbls PVYO5 RB HM367076
S. tuberosum L. M1y PVYO FL HM367075
S. tuberosum L. ol PVYN W HAM.KA.O HM243477
S. tuberosum L. ol PVYN W KH.CH.O HM243484
S. tuberosum L. ol PVYN W FA.0G.O HM243474
S. tuberosum L. ol PVYN W AZATA.O HM243471
S. lycopersicum L. oyl PVYNTN HOR.MILNTN.T HM243479
S. tuberosum L. 1S5 el PVYO cw HQ912865
S. tuberosum L. 1S5 ol PVYO5 CO1750 HQ912910
S. tuberosum L. Sosb PVYN GBVC_PVY_10N JQ969036
S. tuberosum L. LS PVYO PVYOUK JX424837
S. tuberosum L. OS] PVYNTN 11629-9 KC634008
S. tuberosum L. Ol PVYNTN 20917029 KC634009
S. lycopersicum L. ol PVYNTN T5.NTN KF933392
N. tabacum L. ol PVYC1 PV-1055 KP063211
pepper oyl PVYC1 PV-0890 KP063208
S. tuberosum L. A PVYNTN Kzn5-06 KR816243
S. tuberosum L. g PVYN W Kzn25-11 KR816235
S. lycopersicum L. Lss PVYC KY002911
Nicotiana tabacum cv. il b PVYN:O KY112747
Samsun
S. tuberosum L. oyl 221 LN907862
S. tuberosum L. oyl LN880858
S. tuberosum L. 29> 0,5 PVYNTNa MH603862
Physalis peruviana L. 1S5 0! genotype C Poha_1 MF134861
P. peruviana L. 1S5 0! genotype C Poha_2 MF134862
P. peruviana L. 1, el genotype C Poha_3 MF134863
P. peruviana L. 1, e genotype C Poha_4 MF134864
P. peruviana L. 1, el genotype C Poha_5 MF134865
P. peruviana L. S ol genotype C Poha_6 MF134866
N. tabacum L. oyl DSMZ PV-1056 OP525294
S. tuberosum L. A PVY-T21,2AOL2?.1T-RUS- OR480069

S. tuberosum L. ™ PVYN 605 X97895
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VY Joleo Las (s 390 sloises JS' )3 (Sagll ao)s Sl el o 5 (V Jgde) 0 o) adiged )3 ugyng ol
VY 250> ol ol 5l (g 390 (slodiges oy 53 (Sl gl Jalh cladigas (558,55 jlai 1> g0 )3 g Ao )3
oyl ¥ i 53 «Some (ol 55y (iumjias ly pogg woie LAl glaahe (S Jiale @l o5 sop
23)5 ol je)d dsle oad (Sjale oSy )3 )5 (g0 SlaaS) (UPT) Siale S| buy oy e el ond
PO5 4 Phl aylis g5 S (@0 -1 JS5) 63,8 sbyl Slise o iy cJill clodigy 5 TOD2 o P02 (claalis
sanlio (bahis plo) s U (P02 wlis) cais Kslje0 N. debneyi olS j> 659 Jald olS 3,8 o309l &y 215
Sljge y 09Me P02 wlis 15 Lol 13,5 sbol Siljge mMe s Jloa o 0 N rustica olS j» .(C -1 JS3) o )5
el PRL Il 4 i daw j2 ((S5)8425 olS (g5, (0 -1 JSK5) 48 odalite 55 S o (K 4 g (SS9 ccini
e GlalS (Sagll pas Sl dr g LB G (G0 -1 USS) 50005 S 2 (635 5 ohad g, «Silig0 o5Me o
Sljge 59y el PO5 3 TOb2 Phl slaaslis N. glutinosa olS s 45,5 1ol DAS-ELISA L Phl saslis 4
s Sljge ¢ dubgy Sy wiMe dbul cuw (Datura metel) 0,55l olS > adlllas 5y90 slaaslis (6, F-1 JS5) was
N. > 65 (SI555 5 (S «Selign dle oo PO2 (sigliy (i -1 JS) 25235,5 oS ISy 5 208

. -1) x»,5 glutinosa

{Capsicum annuum) Jals oL (4, (b) Kiljg0 5 (2) 29, Sy PVY-P0O2 wlus L osd 55 le Soxo ol (69, aiid sb) w3 .Y JK
Nicotiana glutinosa (f) <l;se o (€) 35,5, {d) Nicotiana rustica _Sua.ss,s 5 Sljse «(c) Nicotiana debneyi ot Kfljge
N. (j) Xgss i) Datura metel St 34,5, (Solanum lycopersicum) s ,sas55 (N) Sy 6355 5 (9) o (2315 ¢ Sljo0 ¢
(32L5) Wl oLS b duslée ,> glutinosa
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(23991 (sLrcigos luai) ol ow g3 (SAIgod Slui aibio
03 yy Sy g & Jals S 0Py
- Ve (r) 5(v) () 409,
- Vev(s) V(%) - s
#() v () v () v (Y) )
- Y (-) - - e
- V() A(Y) - Sy
- oy (+) - - v
V- (%) o (+) - - o938
- WY (+) Va (%) - o
V& (V) WY (+) £ ().) M (%) Js
YA/VD . y./¥ YV/YY S9l ao )y

S Fiale 5l ey Some SS9y G I PVY (ol @Dl 5 Glje ol .F Joaa

PVY boalas Soxo olS
Tob2 Phl Po5 Po2
VC/M - - VC/M (Capsicum annuum L.) Jals
CLL CLL CLL CLL (Chenopodium amaranticolor L.) 5,5 4ale

- - - - (C. quinoa L.) aelw

- - - - (C. murale L.) 4ol

VC/M VC/M VC/M VC/M/LD (Datura metel L.) s ,g5ls
- - - - (D. stramonium L.) 0,51
M M M mM (Nicotiana debneyi L.) 555
M M M M/D/VC (N. glutinosa L.) ;g5
M M M M/wW (N. rustica L.) -39
M - mM/ LD mM/ LD (Solanum lycopersicum) 55,5 445

- - - - (Phaseolus vulgaris L. cv. Bountiful) Ly,
- - - - (Vicia faba L. cv. Saraziri) Msl
WJM.C‘Jj.AJ:_ US.LS§)>W u_ijy; D‘LS)JL;\S.JAJ LD 6.)))4.&5)&‘0}4& :CLL « 9)«5) VC ;gnm&_i.ul)ys :mM t_i.ul)}a
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CPUTR-F/CPUTR- _olais! S5kl cas 5l oslitul b (A) . nsjomw sly wops soaslis RT-PCR & guams (655539580 555 .Y JSd
(M oS, (BII) (C-8687F/0-9295R) Caysws 5 (BI) (N-9236R 5 N-8687F) N a5 soleati| (cla S5l s jl oolizsl L (B) s R
his O (W 5 ol olS (H Gene Ruler TM, SM0313 1Kb DNA Ladder « ;L sbs 3 DNA ojlul Sl

B2 ol > wejmm sl wapy sale JiSse Sluogas O Jes>

J5SIg0 09,5 Slowd 0 ashd Job bl asgu ol R el
by sW,S 5 (aibic)  wlo>
(bp) oss  asgm polid!
PVY®  PP195788 = 0 o dg) 541 PO2
(b1
PVYNNTN  pp195790 Yvs N NS oS Po5
()
PVYNNTN  pp195789 a1 N Physalis s Phl
divaricata (i)
PVYNNTN  pp195791 Y54 N Nicotiana s Tob2
tabacum cv. ()

Burley 21




Yoa OO 5 (A i y91 [ oo (o jinw ($Tg gyt it g (K50 9 (S elon S S Htg (g sy — oode)

3L s913 3 b HNei RT-PCR

CPUTR-F/CPUTR-R jwlas] Sjel s j oslital b PVY (claalis pgj 3' ksl 4ol j
BUUTR gy iy, o 3oy 35 4ol Jalis o (A JS.0) s 55 S VY- o s 390 b L sleced
S o oS sl Cows a4y asad o ol 93 sa5 IS5 I L 9 550 (38900 0 iS5 lelad Lol b JIg5 0
23,5 b jlbeuia Y0+ Job 4 3-UTR jl (dlasl o (0 Jgio) (idey (59 048 3oy (55 42Ul (od5u (b
a5 el NCBE SSlj 0 0 g slajladi oy ik sl by 0eSgy 0diS je) (55 4l I i JIgs
ol ol (el ola] i) (g 0B 0S50y 5 Uil ot sugslSs JIg Ay (gilocisdyen
Shals LSy 1oy (nyieS 5 cppin & b QUi (V Joi2) e ladigw I pugny ol 4l 0V b Buios
laalis 5 (88/98) Tob2 L P05 (sladhie oy i 4 o) (alidlier blio g cilises (slaljes ) odel Cunsa,
Ui 8155 5a) 35 4l 3585 I sihcizssen oluly (i)l <83 Ak e (30> 27/83) Tob2 |, PO2
S5 Ve 5 TO24GA e Jao it MEGA X i85 L PVY lasglis ity 5y el (ol
S s > gptg Slotlis €355 ol 5 b sl 03,5 3 e 4 INBB3233 ek oy LSUCMOV sl 5
PVYNN (laglis b ol i b P15 TOD2 PO5 alis aw o5 18,8 1,5 NINTN 5 O C (glszee Mols
PVY alis 00 oUgd s055il8's g5 duolie wlul (¥ JSK5) 8 )5 51,8 O oM ;5 P02 4l o N/NTN oM™ 5
iz sl oF US) SDT 1 slisiol L (3465 ol )3 005 ol s Jlaz 5 Sl 51 o L3155 aghas Y (&)
) ol 51 (OP525294) Jless o, b DSMZ PV-1056 (calia b (50,5 Vo) g5 o oy PO5 il
JQ969036 s ) PVY-10N-GBVC lacslis b (103 AA/FY) I Slaed oy yides 3o TOD2 alis 05,5
2l give)S 3 (MHB03862) Jlas oy b PVYNTN gy (nuss, 1 KRB16243 et ) KZN5-60 (3L 5
awilyd 51 (KY112747) Jloas oy LPVYNO g caslin b (20,0 AUFY) JIg5 Slued oy i 35 PO2 alas (ol
cbale b (o) AF/FYF) 5 POS ol L (aoyn 20/50) Jlg Sluea opyide 30 PhL alis 1055 ssalie
2l 4y §1 (AB256029) Jla o, b PVY-12/5 sylas s DSMZ PV-1056

oy ly gy ladigw olaid] SHEl a5l osd auogi slacuS 5 5l edlatwl L IC-RT-PCR 905l
ol o ol 55 ) 53 PVY (s i e & gl (ol J o gyl JS 150 o39a] 5 (1 Jgi2)
DO~ ows 5 0151 & (glankas N-BBBTF/N-9236R (5,55l S 5 b 5,57 U3 5 o yiiSTy Jguazea (5y539,:50] (5]
C-8687F/0-9295R ¢ ,53lel S 5 L 5 (Bl &Y JS5) PNL  TOD2 PO5 4yl dus 4y bigryo (slo STy 55 sl
ST LS 5 b b STy 5 08 S5 (BIL Y JS5) PO2 syl STy 15 jlaciin S+ ous 5 o5l 4y (claskas
oin 5 ol (ol A5 S5 (Slecad an (ke 1015 ells ol 505 b (6,56 il LS5 L 35 ol
29 PVY® 450 4 P02 aliz g PVYN (cladyg 4 Jol i 4w 3l
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—— PP195789/ isolate PVY-Ph1 /Physalis divaricata/Iran

1AB295476/PVY-N/NTN/Potato/Syria

00 | AB256029/Potato/Syria

AB185833.2 /potato/Syria

243479/PVY-NTN/tomato/Iran

AJ890344-/PVY-NTN/Tobacco/Poland

KC634008.1/PVY-NTN/potato/UK

KC634009.1/PVY-NTN/potato/UK

KF933392/PVY-NTN/tomato/Iran

OP525294.1/Tobacco/Iran

PP195790/ isolate PVY-Po5/Potato/Iran

OR480069.1/potato/Russia

— AM268435.1 /PVY-N-Eu-N*/Potato/New Zealand

X97895 /PVY-N/potato/Switzerland

JQ969036.2/PVY-N-Eu-N*

MH603862.1/PVY-NTNa/potato/South Korea

KR816243/PVY-NTN/potato/Russia

PP195791/ isolate PVY-Tob2 /Tobacco/Iran
AB331515/PVY-NA-N*/Potato/Japan
AY166867.1/NA-N*/Tobacco/North American
AB331519/PVY-NA-N/Potato/Japan
AB331516/PVY-NA-N/Potato/Japan —_

AJB890348.1/PVY-C*/Potato/France

MF134864/Poha 4/Physalis peruviana/USA

MF134866/isolate Poha6/Physalis peruviana/USA

MF134865/Poha5/Physalis peruviana/USA

MF134862/isolate Poha2 /Physalis peruviana/USA

gy MF134863/Poha3/Physalis peruviana/USA

MF134861/isolate Poha 1/Physalis peruviana/USA

KY002911/PVY-C/tomato/Cuba

PVY NIN
PVY N

T
=
g
&
@
&
5
<
n;
0
s
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&
g
3
g
=%
&
3
&
PVY €

97

EU482153/PVY-C/tomato/Italy

KP063211/PVY-C1/Tobacco/Iran

EF455803/Boushehr/S. melongena /Iran

KP063208/PVY-C1/pepper/Germany

AJ439545/tomato/Spain —

Q[ HQ912910.1/PVY-05*/potato/USA
HM367076.1/PVY-05*/potato/Canada

100 | HQ912865.1/PVY-O*/potato/USA

I JX424837.1/serotype-O/PVY-O*/potato/Finland

ELNSO?HGZ/})utatnﬂran

PP195788/ isolate PVY- Po2/Potato/Iran
HM243474/PVY-NW/potato/Iran
LN880858/potato/Iran
3HEGI]8963/PVY—NW.’Pmam/Germany
KY112747.1/PVY-N:0/Tobacco/France
KR816235/PVY-NW/serotype-O/potato/Russia
G%HMZAS«JMIPVY—NW/potatollran
HM243477/PVY-NW/potato/Iran
_%,HMSG7075.1/semtype—Of’PVY*O"‘fpulam/Canada
EF026074/PVY-O/Potato/USA
AJ584851/PVY-N/potato/UK
HM243471/PVY-NW/potato/Iran
AJ889867/PVY-Wilga/Potato/Germany
JN863233/

PVY©
PVY N:0
PVY W

r chloretic mottle virus
Tree scale: 0.1 —————

JPVY) (aojim Sly ooy i OV pi iy (nBn oS se) (a0l 5l (i sl s ol ull  (Ji)ls c850 Y S8
S5 asye Voo o g Maximum likelihood jsg, 4 MegaX il 5 5l oolazul b (Ph1 3 TOD2 P05 P02) Iyl wlis Jlas ¢ bi> calisee bl
ol 03555 o3latl 09,5 59 g 4 JNBB3233 Jless oy b (SUCMOV) 413, 0ls] 5 500 Sanns o g o
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AF012027_PVYC
EUS63512_PVYC"_Potato_Netherlands

KY002911_PVYC tomato_Cuba

AJ439545 Tomato_Spain
EF455803_Boushehr_S_melongena_Iran
KP63211_ PVYC1 Tobacco_lran

EU482153 PVYC fomato_ftaly
KPU3208_PVYCT_pepper_Germany

AJB30348 1_PVYC® Potato_France
MF134861_isolate_Pcha_1_serotype_O_Physalis_peruviana_USA
MF134863_Poha3_serotype_0_Physalis_peruviana_USA
MF134862_isolate_Poha?_serotype_O_Physalis_peruviana_USA
MF134864_Poha_4_serolype_O_Physalis_peruviana_USA
IMF134865_Pohas_serotype_O_Physalis_peruviana_USA
MF134866 _isolate_Pohab_seratyps_O_Physalis_peruviana_USA
HIA367076.1_PVYOS"_potato_Canada
HQI12910.1_PVYO5*_patato_USA

JXA24837 1_serotype0_PVYO"_potato_Finland
AJ584851_PVYN_potato_UK
HE608963_PVYNIW_Potato_Garmany
KRB16235_PVYNW_serotypeO_polato_Russia

KY112747 1_PVYN_O_Tobacco_France

LNB3088_potato Iran

n
HIZI3471_PVYNW_potato_lran
HIM243474_PVYNW_potato_lran
HIA243477_PVYNW _potato_iran
HM243484_PVYNW _potato,_ran

AJBBBET_PVYWilga_Potato_Gemany (NN

EF026074_PVYO_Potato_USA Painvise identity (%)

HIA367075.1_serotype0_PVYO*_potato_Canada 100

HQY12865 1 PVYO"_potato_USA .

AB185833.2_potato_Syria

AB256029_Potato_Syria u

AB2954T6_PVYN_NTN Petato_Syria 2

AJB30344_PVYNTN_Tobacco_Poland

KC634008.1_PVYNTN potato_UK 89

KC634003.1 PVYNTN potato UK 5

KF933392 PVYNTN_tomato_Iran

OR480069 1_potato_Russia 83

HIM243479_PVYNTN tomato_kian O ] 8
P525294 1_Tobacco lian

PP195789_Ph1__Physalis_divaricata_lran 78

WHE03862.1_PVYNTHa_potato_South_Korea 7
KRE16243_PVYNTN_potato_Russia
AB331515_PVYNAN'_Potato_japan 13
AB331516_PVYNAN_Potato_Japan
AB331519_PYYNAN Potato_lapan
AM2684351_PVYNEUN"_Potato_New_Zealand
JQ969036.2 PVYNEUN"

PPT95790 Pof_Potato_Iran
X97695_PVYN_potato_Switzerland
AY166867.1_NAN"_Tobacco_North_American
JINB63233_Sunflower_chloratic_motlle_virus
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Hooker, 19815 ) sl o 153 13 (dwejimms 9 09 o5 083540t o pug g jl (S weiraw ly oang
oS 5l gyl paigad 5 el )3 (Ldwojamw o 4) bl &Y game Cuenl 4 4> L (Tsedaley, 2015
4 gl (Sogll 9 VTR BATAR (lo Jlo (b Jald g 0050ty Suge yp cile qojm o8 Jopidle
ile g (Guejaw (g Wged V7 Sl (20)2VY Jolas) L5903 V5 (Sl DAS-ELISA (g, b (dnjcssms sly (o909
Ayl wesaw 530 0 PVY (cao)d YE/F 5 Y Syl sopd b s opl b s odpcudy Suwgye jpa
Sharifi-Nezamabad et al., ) ;555 £,l30 (sao)d> VW/VY 4 (Hosseini et al., 2011; Pourrahim et al., 2007)
eiS Calise (gla b 5l (LalS Gges VVY) JboeiMe Jald wiges Slolyd sl sy iy de 34l calus (2020
B (Sagll (IS L g ege sl jl )50 5 degh o slas o i ooy JAb claisel 13 o cnl & (5o
dy90 Jals sladiges YU dliws s 4 )b ol (Mostafaei et al., 2008) s oliwl Jald sladiges (sauo)d
PPVY & (Joeide aiges VIVA) pwyp )90 (sladiges 13 S5 (59l doyd gl 3 wgpg opl (b3, pie g (o p
gl 4T ogyg 55 el )3 JAB 5l 6,500 el wang GBIF 4 dag b b o0l a0 )3 WY oo o
w9959 9 (Tobacco mosaic virus, TMV) 555 SSlj90 wg 09 (TOMato ringspot virus, TORSV) S sas 5
Eyvazi et al., 2015; Moodley et al., 2019; Sokhansanj ) (Cucumber mosaic virus, CMV) L3 540
D39y 005 badigas el 5> @M oy el PVY 5l 1é (6,505 cla yog s Ylais! (et al., 2012

3ot 5 lolid ey (Seisdom STy S ot plyis & o LS (55 00 sll WM 5 Jlhjee aiely
Baldauf et al., 2006; Boonham et al., 2002; Hosseini et al., 2011; ) cuwl o odlaiwl PVY slad; g
5 (PVY© a9u) P02 claalis Lib pols subiss zols bl .(Hosseini et al., 2017; Mostafaei et al., 2008
Sl 55 5,8 (C.annuum) Jals ;5 Slign 5 gy S, pide oy 5 St (539l el (PVYN a0u0) TOD2
S pas s ol wlie 1345 465l (3,5 039l 4 B (PVYN aygu 4 e Ph1 § PO5) 505 alus ¢ oS
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