So3LES (854 S5 5 s

ISC E) J.:A)J”.”’—JQ.LP

4 i
Peatl .-:"::" 1

Ol 3 Jals oS s 1 S5 a8 (g5l a0 os s sbs ol x5 JoS05e sla S5

Ol ¢

**_9) a..\.'.i.‘;) éuﬁ g‘c'-w&?‘b&‘-\li

uljg_» CJLM‘"” 5 9 r_}l&
- P P Y
Q\J.@_» CJLE«:E’U“ E) t}lﬁ J}U de\ bb‘ em\.: cN CL& 9 ‘_;J'JJLJ,S a.&iﬁl: ‘fl-:s L;.«JLV.:: 6)[.0.:J e}; JL”DLL.»:‘
WWAR/PAY 15k b DFRY/ Y Sy b

s S>

-

Ldg Jelse 51 S Tomato ringspot virus (TORSV) L S 3 ax S gsil> aSI oy s
£ 305 VY0 SIS AYAAITAY ola L ols Jsmad b 53 ol Olgm 3 Dl oo SIS S
o8 i 51 sl S pe oDl O b s s (Sl 4 S e ils S
Double  SG555 0 sba O5e51 5l eslinal bas (5551 mear Ol 5 Ol SIS 5 gl as e
ss2> Dot immunobinding assay (DBIA) s Antibody Sandwich Elisa (DAS-ELISA) .
e R T g L N e o R AANSEREE X
S b Speanl sl oSy salie Lol 0F SSdgige sl Shy s S OLLS
AL ls G55 S0 .8 8 413 ) s, 56 Immunosorbent electron microscopy (ISEM)
» reverse transcription-polymerase chain reaction (RT-PCR) { ;s 51 31 eslizal L ToRSV 4
0 disS W5 05 5l ded LIS S Geiss opl s el b olatl ST s 8
Ly 53 bl 51 S a b el 30 S5 el 28 S 18 b s e e Sed
Shealy 05 31 ed (g5l Alian 5 A osls JUI E. coli s xSt DHS50 4 5 45 5 5,13 pTZ5TR/T
et by (S5 ankd ol 5 e 5 2l Al sl (il dlian AanSl 23 s el e
Blast (s i S5l 31 eslizal b awslis 53 8 3 NCBI 5 JQ972695 v 2> &S L 5 A5 S
O ) ael el IS e Cald T8N 5 a5l S IS e el T AV=4E Ol
5 S o e pbas S BlE e o pl b edls S et SISl s Sl sl
295 ) 4 Ol g 5l5e 55 s s bessle o e gla Bgs o5 ool 5 Sl aals

sequencing « phylogenetic analysis RT-PCR (s jl.c 4/lecan TORSV : gI0IS s\a o3l

Email: Rakhshandehroo_fa@srbiau.ac.ir CAVYEVATIAY ¢4l 5y ednisty 3La 3 s ey 5



(\Y‘Q“ bm} "3 OJM A oJ‘gb) 6})}\&5 63}3}&5” 44\?.90

s omess 3o 2mse ¥ olenl oS
Lo plo W6 K 5l a5 RNA
g5 0 Skics .o (Wang & Sanfacon, 2000)
sl adae b plpolen 05 5 Ol
sz o gl ali glulder e
R S adke 53 pegh bl gLl b
L2l o (B3-UTR) ps5 lgl a5 LG
sl Sl (Pribylova et al., 2008)
5 50 TORSV Cilises sls wlus oS 5ls QLS
3-UTR  aikwe

5 Y bl

S esps (Liet al, 2011) Xyls; 0 5
SESLy SO s i S s
gl 31 rans Gl el Ll s
Ol 2 Ok OlndS gla Slaad 55 L g
(Golnaraghi et al., 2004) ok J 5 Jus)
Rakhshandehroo et ) 55 Jlei sla OllSU
5SS e sl ol s 0blS (al., 2005
«>,S «(Ghotbi & Shahraeen, 2009) Ol &
oS s gl Skl gl g5 (S8
(Moini, o ol (Massumi et al., 2009)
@ ose Ol s 50 5 Olul 2 olil 2010)
(Sattary et al., OS5 01,6 sl Ol Sls
R B oo R el el ooolS 2012)
SR 03 Ul ates osme Ol 51 S50«
Sattary ef ) Cowl ol 5,18 558 sls Ol
sl 45 b 3l S s ps (al, 2012
Loy 55 3 S s Xiphinema Xl il
o 4> L (EPPO, 2005) 555 o Jame 54

Gl Obge 5 Gble 53 esps SopaS

A

FPRYYS
;;Qﬁ S sl S IR
o3l gl Picornavirales s «ly 4 (TORSV)
s Comovirinae o314\ .3 Secoviridae
(Sanfacon et al., >,|> 3ls5 Nepovirus ..
538 Spesnl sns sl oSy 2009)
LA o w5 andls e g ¥ 550 3 (g ks
e Bl S8 b e Sk sl
(Stace-Smith, 1996) kas » JSS 1, o gw)
¢l ady, S RNA sue 55 51 s s 055
SUI3 o5 by ,a oS Sl ol 1S5 Cote
S a0 gl 53 5 ens b Sl OB S
(VpR) oS Js8s0 055 b sy B2
.(Sanfacon et al., 2009) ol s ot
BRER IRt PESK TPV CPN By
L ede b 5 ke Ol s by Lile OlalS
DLl jee RalS x5 e e eyl
B L sl ed e s #S
e o e N L
- LT sl (alB 5 g3t
Vo o S e ks e E e
(Stace-Smith, 35 o ol Olye 3,
TORSV I slize sl alir 055 b .1984)
2 s Sl ods S8 Ol il LG s
sl S

U e onl o 3l o plime (S5 8 0w

shls polal alis

oins O 3 SNSSae 08 e 05
(Bitterlin & Gonsalven, <ol ol il

K s s s s e sla alus 11983)



S S oslas Al esliul TORSV Lls,y g
&Wpamwﬂﬁjﬁéuaﬁjl
S e 3 S il e S ) K w
o3bo shyls I emsw 3L 51 Oasl cpl sl
sslizul (Img/mL) Ol5ee 4 Slind b5 2il,L
5o by dsed gl Sy RSl s Al
JJ\A Q‘}> “).:\“ o&.«b Lv 35 k.;.;) )‘}«é}
sasb £00 z5e Jsb s ELX 800-Biotek
Clr 5 Sle s Yl O Gl gsae
©oop iy Wl s @ by sl Sals
3 aps sl 5 ke sl 45 Olse
2 sl Clark & Adams (1977) Las 4 S
e 5 St J S (sla i sad 31 0050 pll L
J.il.égfﬂ sla @ 3l oomen S esladl
A eslizal Wl dals Ol e 4 35 ST w30

s oy)i
(DIBA)
sl Yl Q}aﬂ @L“J 53 e Jlea! s &

Dot-immunobinding assay

Gl 5 gtk oS Ll s« s
O3l 53 Sl gl Sals Sl s cslus]
s ol K, Sl S ol el S
DAS-ELISA &031 3 ol gsb sl L
DIBA 0050 Ly Sl asb gl cdils
skl sl LS 1 s s 2 308
L TORSV « o341 alS & 4ei 00 sliw
o3lizwl DAS-ELISA O30 3 cims 35Sl

(Banttari & ) 5, lee Lus Qjﬁﬂ W

.z

\Y‘*“c})éM)jc'\maP':m

Yy

.z

S 0353 35 ge J3 5 Ozl s b
b0 Olpl ol Slom e 5wy 0l 52
s Sl Shs s Sodll Ol Lty
il oS o5 )T TORSV gls ol J S0 5e
s O, Olisl sls Gl 5 (gl as 5 o3
8

CNE-TSTRRS

Sl3 p 4 pd
YD gla e el Jpwd b s
bl Cypo a S dsed V)0 sl VYAQ
Jab Gla dgad lasgpe b s oS >~ L
Ll wde (Capsicum annum L.) - o13
D3k 5 5 eans S 4 S ol
T EH L Eolye o3 edd wilS e
Obs s s Jels Ol Okl sl
SIS 5 gl L;,j@}, oy 5 Ole
Ld Sl S Sl resks Ve alol L Ls
Oy & e s boadee a5l ()ls, 4ised
oo pll O s Jds cis s —

@b (ST B b s makle Gy, 4 Y
(DAS-ELISA)
15V O30 51 TORSV bs, sk «
DAS-)ssl 51 @b 55 skl Shgy 4
Clark & Adams (1977) s, ;e (ELISA
L sla ool 5T 5 asasl opl s s ealizal
Sl Yoo &3, L (Agdia, USA) ol <leea



(\Y‘Q“ bm} "3 OJM A oJ‘gb) 6})}\&5 63}3}&5” 44\?.90

5 <y slS A3y olawe U Philips EM-208

Ly Cl?"-."ﬁ‘)-} BUTYAREARE u_iwgJﬁ

! SlS o s

) o st o e n sk 4
3 Geis ) 53 TORSV gl wlir 4 by 5
S poolas 5 A eslizal o dle OLLS
T a0 7 Sl o 034l gla ai g
ald= o sl 5l Sy abe ¢l 5l S5 abe
ToRSV e Lasli g5 sbb Laxls
Wyad g oslas ke Gl gl eslan
PH= VA L Ve /) ulty Slind 3L o
5 glAsl ISl e =Y wle 51700 (slls
S bl s S Cose w
(Nicotiana ¢ ¢ (Cucumis sativus L.)
b iz L) gabacum cv. Samsun)
) Ssexe sloy) 5 (Vigna unguiculata 1.)
wle 08 55 LSS L (Phaseolus vulgaris L
e oV s SAtBY Jele s
wle OLLS (5 otd b e (g5 wle
VE G IV Oses] A (guls cudlast es S5
o301 5 Oluabl [ ske & 55 4l S ey S

C,dﬂ.’g_ rbr_a‘ ok v_,jS dg_l.a ‘_)Lél.:; QJj.a

RT-PCR & 305
Sl €yas 53 s ns G pardS Sl
5l 2l €y ) p RT-PCR a3l 5l en
Cota 1Y S5 s Oge3l Loy S OLaLS

sk opl gl d eslinal (s el antlil

YA

3L L;JT 50T 55 5 A (:L>.=;| Goodwin, 1985
(Sigma-Aldrich, &S = 4o b ol
<3, L Goat Anti-Rabbit (GAR) Germany)
)‘ UPI RS L;.’l'."JJ LS‘JJ S Y o.)l.il'm‘ﬁ|ﬁ VYoo
nitro blue  (NBT) 115,  slesd 3l
5- (BCIP) , tetrazolium (Sigma-Aldrich)
ssletw| bromo-4-chloro-3-indolyl phosphate
‘WCE'MJJ&JMLSL“&JWM
4 0D 03933l Olej 5l agds Yoo Sl dlols 4
03 s a8 Al s s ‘_S.sjﬂ d 5w
onﬂj VJLM' J.d.b LSLA ij oJL\AQJ\ QJ.A)I u_:\

A el Lo g e sla dall Ol g 4

Slwo gy p
Jils 31 eas ks, TORSY

s ald s

) yﬂ
microscopy (ISEM)
ny| L) ojgg: odalise )jﬁw “

wld> 5l 4 e a3l ‘ui.fe xS (G sl
Looes 5 omlos b gt 4 by o
odalie 5,40 Jﬁﬂ‘ g.f}g.ﬂjj.i:ﬂ 31 eslaa!
Milne

Immunosorbent electron

Cros Glhe Gaibs nl S )3
Sk ol gl (Milne, 1993) &0, b
e P T I 6 WO cESp PN PR I
oo o e (S el S5, s oalial ol Yoo
by bl Y Sl Ll Jsbes Lo
Lo 5 o s 51 gl peSe 5 Lo 0 Sy sali
Jb ol S sSes S ol



sl S5kl 5l eslxd
S Seed S gl ek b ol
o)‘.bLs UUIRS J‘j‘“‘:li QL:.s J)iw.a ij aaleie
Al ol s CBU BINGIPT N AR
o5 RNA Jgl askes 51 0EV B Y gla
sy bS5 bl g
(ToRSV-RDR- 8 , 5 (ToORSV-RDR-F)
5 s Jg L R

GAAGAGCTAGAGCCTCAACCAGG-3
5-CGCCTGGTAATTGAGTAGCCC-3'

S

S5 SN Gl Solm sl s
o313 55 a5 A0 53 aids £ 1d eslit] G
Jlail ks axd ol (S ¥O L e LS
0 55 azds ) glbalo b ol oy al
S SERARSERTIAPIEE SERS SRR EARE SE
VY IS & calg s s 3 Jls oS5 w

PYRERE Q.)..ag:bﬁ_,ﬁb«zﬁ

oS h..oj.‘a' PCR J‘,.Aa-.o ol aluea
(Inst TAclone ™ e B oS 8 Sy

PCR Coling kit, #K1213)
lisl PCR Jsame (g5l alacan (6l 5

55wk 4 by e Ll 5l PCR J seams
S by BT J5 5l Gaa eas 5SS
(DNA Extraction Kit gl ol > C| Je
5 Jols (S ankad A | sl #K0513)
3,1y PTZSTRIT 3l dlaen gdaadly JSU
LS 5s dandly BU Ul 5l ey s
sl dsbe 0550 4 ol Sed gl eslad

8l Jsl DHS o 4 g Elcoli (g ;SU daies

\r%“cJJGMJJG'\MW

L PCR  Js

va

Cose & prsas d ool S sla ojlas
wle SIS 55 Loy Some ol (055 SO
03500 (53wl Sl e s elexr A S5
L Lyl Ol sla S, sl 51 s RNA
(mini gl A S S gl g 31 esland
column RNA extraction Kkit,
A C‘ #| Malaysia)

Vivantis,

ans e 03 Gl ST b
¢DNA oS DNA 5w s TORSV
(ToORSV-RDR-F, R) (ls S5l o
by odd Cbli- S35 gadlas 4 a5 L
sl RNA-T (555 @35 5k w57 &

Jols NCBI 05 e L L5 340
AF135410,  AF135409, DQ641947,
GQI141525, GQl41528, GQI141527,

Las b e ol sl GQL41526
Sl 51 a8 s 5 S de sla als ales
Sl 3 san Lo g edd B8 0 g Ol )
old bl aile 4 by e (S5 sl Jls
o5 hug G sl Gl slack w3l
(Nicholas er 3 .4, rL?;;‘ GeneDoc 33l
o5 3 eslind b S5LT ~1 b 5 al., 1997)
by rled\ Primer 3 (Ambion, USA) ,l ;3!
o3zl L (cDNA) |aSe DNA cotla dyl 3
5 M-MULY) e San Sl s o5l Sl
5 OWJT Fermentas S & Sl siws 5las
ol | (Reverse Primer) ::8 , Silel L
SN ax S gl SO e s Sled O
o=Sly 2o pdy el (ToRSV-RDR-R)



(\Y‘Q“ bm} "3 OJM A oJ‘gb) 6})}\&5 63}3}&5” 44\?.90

s Ol 5l esliwl L TORSV  obs,
DAS-ELISA 545
RT-PCR J s 40
Y (S5ds e Dol 51 eslinal L
xS il S a5 AE jais
sl e JE e M LAY s (SO
s Ol ol sla a;udfj@\}a 5 el
Sl by TN Ol opl laS sl
Gl Ol So @ b s VY 5 gl as s

STy 1Ny a8 () wised 00 sl 3l s

s DBIA

Ly 5 Lo esls ol ool BT L1, e
)30 ans sy )y Tsdos DIBA 05
SiSls b dse Sen am S 15 oo,
kbl Kl a5 Lol olis |y g8 o155,
& ELISA U aslie ;3 DIBA GG jniny
Gy 3 (VK0 Wl e s 2L
31 TORSV (sl 1V Luy 5 ol
RT- 05050 plosil 5y i osls yails
b eolatl ST 5l eslinad L PCR
Ois b ay5e G5 ankad Jass cpl 53 el
odiS IS Sy adlaie 4y by je 5L i £))
L et (6 JS) 43,8 55 5l pacdy o5l
ol b ol Sl cix )l eslid
DBl 50 (S35 asdad ol s 0l U0
Sows QLS 3 ws s Sl eak 05 51 o250

3 S S e ke S wle

Sl s SL WS, Sl el L
shils ol CiS e leslatal L S 55
Gs) i gla aS, ciS s b el
GBSl ClS b () (G855 A
X-Gal (5-bromo-4-chloro- sls (slyls i

IPTG  3-indolyl-B-D-galactopyranoside)
(IPTG
S 5 sl oy thiogalactopyranoside)

(isopropyl-D-

S eslial b deedly gl panl gl 5 ol
Sl i S 15 eslinad 3550 JUB 5 5,
Loy 3 el 355 DNA askss | 5oam Al
sBamH1 5 0 5 s 5l eslinad b oS 55

LA o.b‘.) LJ'LJ" st.)w J.:.w)&.: ECORI

S5 T 5 e 5
ag.)b.i}):):o.,\,.idf&ﬂ\éuw‘)@
S a2 s slr e Sose
Cns )5S0 &S 8 Loy o9 o S Bioneer
S LSS Jig anlie s S JL)
L NCBI 5 55750 la g ploe b o
ol nBlast § e 530 3l eslanl
azkzs ClustalW 55l or sheslanal b by
ﬂLMr K J‘J‘i‘ 4{\.)9- LS‘JJ P oy J,:;‘gj é;’.aj
(V Jsd=) NCBI s o b sla wlus
S 2S¢ Gl 5l e s LS (i s
QJWM‘LASJ)“# C.',\?.-JJ gL;‘)s g_)j).b)‘ Gﬁ
L p-distance & )50 4 s Mega 5 58 ¢ 3
)jlﬂ»ﬁ Lfi‘ LE‘J" J\.i.)ﬁ m.sz )\ﬁ Yoo
Broad bean wilt virus- 3L S5 05 s

C.‘,J;)‘J:B f)b-ojﬁd‘jﬁﬂuz



\yvay c})é&)}éﬂ&ﬁ:ﬂ

2777 27 277777 Il 77 772727

G5 onl 53 3lyerk ml oS g 05 4 b s HS S IS S i e S S
Ll el ol

Table 1- Accession numbers, host and origin of ToRSYV isolates selected for phylogenetic
analysis on the basis of a partial nucleotide sequence of the RARP gene encoding viral
polymerase in this study.

Isolate or Strain Accession no. Host Origin
T392 AF135410 Peach USA
Rasp-1 AF135409 Raspberry USA
PYB-1 AF135408 Raspberry USA
19-7 GQ141525 Blueberry USA

4-5 GQ141526 Blueberry USA

11-12 GQ141528 Blueberry USA

5-11 GQ141527 Blueberry USA

Teh JQ972695 Pepper Iran

BBWV-2 HQ602940 Verbena Netherlands

o3l 3 ealimal b Ol Dbl sla i 51 (K5 a8 st o0 mg s 2bs, -) S
4 30) o GS15 Sy Ky 5 (0391 @i50)) e STy Kby K, iy sl «il> DBIA
sy ogmlys g Sl edd lae B gl g 2 AL 2,345 Chs, kil e (sl b
sy el g JAE gl K50 1 CLAS sy gy g 5 ok o JaS sl 4 ge3 B1,2,3,4,5

PHLC3 rJL.»J.«.\.s €905 1C2 (O g Jakd sla 4503 D345 (5, b JAB sla 4 1D 1,2
Figure 1- Detection of Tomato ring spot virus (ToRSV) from pepper plants in Tehran by
dot immunobinding assay. Test results representing the total leaf protein extracted from
pepper plants isolated from Tehran. Infected samples and / or positive reactions are
represented by lilac dots. No reactions are obtained from healthy pepper material
(colorless). Lanes A1,2,3,4,5 represent ToRSV-infected pepper isolated from Varamin
district; B1,2,3,4,5 are for infected pepper from Shahriar district; D1,2 infected pepper
plants from Shahrerey district; D3,4,5 infected pepper plants from Tehran district; C2:
Healthy pepper sample and C3: Buffer.
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Figure 2- Phylogenetic tree of Tomato ring spot virus isolates constructed from the
alignment of 411 nucleotide sequence of the polymerase gene of isolates from Iran,
together with the homologous American isolates. Tree rooted using the p-distance
method based on 1000 replicates. Bootstrap percentages of clades are shown along
internal branches of trees. Branch lengths represent genetic distances. The tree was
rooted with the RARP of Broad bean wilt virus-2 (BBWY), used as an outgroup species.
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Table 2- Host range of pepper infecting Tomato ring spot virus isolates from Tehran, on

indicator herbaceous plant species.

S olS als ol e 5291 & 905 aomasi
Scientific name of indicator Symptoms ELISA test
plant result
Vigna unguiculata L. Sn, Sc, LD, Mo +
Cucumis sativus L. Mo, Sc +
Nicotiana tabacum cv. Samsun V¢, Mo, SL +
Phaseolus vulgaris L. CLL, LD, Sc +

Sn: Systemic necrosis; Sc: Systemic chlorosis; Ve: Vein clearing; Mo: Mosaic; LD: Leaf deformation;

CLL: Chlorotic local lesion, SL: Symptomless.
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Figure 3- Isometric particles of Tomato ring spot virus with a diameter about 30-32 nm.
Particles were captured with ISEM technique and photographed with using EM-208
electron microscope system after viral replication in bean propagative-indicator host
plant. Viral particles indicated by arrow head through in picture. Bar. 100 nm.
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Figure 4- Electrophoresis of RT-PCR products amplified with designed primers for
Tomato ring spot virus isolates detected from infected pepper plants in Tehran. Lanes 1
to 3 represent amplified products of about 411 bp from infected pepper samples for
Tehran, Shahre rey and Varamin districts respectively. Lane L, 100-bp DNA ladder
(Fermentas, Germany); Lane C, negative control (PCR conducted using RNA from
healthy pepper plant material).
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Figure 5- Symptoms observed on herbaceous indicator plants inoculated with the
pepper isolates of Tomato ringspot virus. a) mosaic and systemic leaf chlorosis on N.
tabacum cv. Samsun, b) Chlorotic local lesion on cowpea leaves Vigna unguiculata, c)
Systemic mosaic and leaf deformation on cowpea leaves, d) Systemic mosaic and leaf
deformation on common bean leaves Phaseolus vulgaris, e) Systemic mosaic and
chlorosis in cucumber plant Cucumis sativus, f) systemic necrosis in cowpea plants.
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Abstract

Tomato ring spot virus (ToRSV) is one of the most important viruses threatening
vegetable production worldwide. During the years 2010 to 2012, a total of 110 asymptomatic
and symptomatic pepper leaf samples with viral affecting like symptoms were randomly
collected from fields and greenhouses of Tehran province. Plant samples were tested for
the presence of ToRSV using Double Antibody Sandwich Elisa (DAS-ELISA) and
Dot immunobinding assay (DBIA). Results indicated that 22% of the samples were
infected with ToRSV. Bioassay was performed with the mechanical inoculation of
herbaceous indicator plants to evaluate the biological properties of the detected
isolates. The morphological features of the virus isolates were studied using
Immunosorbent electron microscopy (ISEM). Specific pair of primers designed on the
basis of a portion of the RARP gene sequence and the presence of the ToRSV was
confirmed with the reverse transcription-polymerase chain reaction (RT-PCR) for
serologically detected samples. An PCR amplicon of a sequence related to the RARP gene
from a representative isolate, was selected and cloned into the pTZ57R/T plasmid vector.
Recombinant plasmid contained ToRSV-RdRP gene was transformed into Escherichia coli
DH5a. Recombinanat plasmid was isolated and the inserted DNA fragment was sequenced
and submitted to NCBI with accession number (JQ972695). At the deduced amino acid and
nucleotide sequence levels of the RARP gene, Iranian ToRSV isolate showed 94-98% and 87-
94% identity to corresponded American isolates respectively. Results of this study could be
useful for ToORSV detection, host range determination, distribution condition and designing of
control management strategies against ToORSV in pepper fields of Iran.
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