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Abstract: A Tospovirus was isolated by mechanical sap transmission from potato plants showing leaf and stem
necrosis symptoms and identified as Tomato yellow fruit ring virus (TYFRV) based on biological, serological
and molecular studies. In mechanical transmission trials, a wide range of indicator plants, including members
of the Amaranthaceae, Chenopodiaceae, Cucurbitaceae, Fabaceae and Solanaceae, closely similar to that of the
not-infecting Nicotiana 1solates of the same virus, was mfected. The 1solates under study strongly reacted with
TYFRYV antibodies, but not with the specific antibodies of the other tospoviruses tested (Groundnut ringspot
virus, Impatiens necrotic spot virus, Iris yellow spot virus, Tomato chlorotic spot virus, Tomato spotted wilt
virus and Watermelon silver mottle virus). In reverse transcription-polymerase chain reaction (RT-PCR), using
specific primers for TYFRV-N gene, a DNA product with the expected size of approximately 1,200 bp was
amplified from infected plants. The sequence analysis of this fragment showed a high identity with the
corresponding region of TYFRV and confirmed the presence of this virus in Iranian potato crops. In this study,
the transmission of TYFRV through potato tubers, even if at very low extent, was evidenced for the first time.
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sequencing

INTRODUCTION

Tospoviruses, within the family Bunyaviridae, are
considered among the most common plant viruses of
substantial agricultural importance, since they infect
more than 1,000 plant species (Parella et al, 2003,
Whitfield et al., 2005). Losses due to their infection in
agricultural crops are significant worldwide (German et af.,
1992), as in the case of Tomato spotted wilt virus (TSWV)
that causes a total ammual loss of 1 billien US$ in
groundnut, vegetables, tobacco and other crops
(Goldbach and Peters, 1994; Prins and Kormelink, 1998,
Movyer et al., 1999).

Tospoviruses have quasi-spherical virions with lipid
envelopes and a size of 80-120 nm in diameter,
which contain three single-stranded RNA molecules
(Cortez et al., 2001; Fauquet et al., 2005). There are at least
12 species of the genera Thrips and Frawkliniella
reported to transmit tospoviruses m nature (Mound,

2005). Tospovirus species are identified on the basis of
their natural mode of transmission, host range, serological
relationship of the N protein and their N protemn sequence
(Cortez et al., 2001, Fauquet et al., 2005). Tospoviruses,
as well as their vectors, are worldwide distributed and
have an extremely broad host range. These viruses can
induce a range of symptoms, 1.e., necrosis, chlorosis, ring
patterns, motthng, silverng, stunting and local lesions,
depending on virus species or strain, host plant, period of
infection and environmental conditions (German et al.,
1992 Mumford ef al., 1996; Mound, 2005). TSWV 1s the
most important Tospovirus species infecting potatoes
(Solanum tuberosum) in the world (Nagata et al, 1995;
Louro, 1996; Al-Shahwan et al., 1997, Khurana et al.,
1997 Lathman and Jones, 1997; Jozsef et al, 2001;
Wilson, 2001; Abad et al., 2005). Natural infections of
other tospoviruses also have been previously reported
in this crop: Groundmut ringspot virus (Granval de
Milan et al., 1998), Impatiens necrotic spot virus (INSV)
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(Petry ef ., 2003, Tomafo chlorofic spof vires (TS
(M agata ef o], 1995; Grarreal de Dlilan ef &, 19987 and a
tospovitus serdlogically related to Pearredf Iud necrosis
vires (FENV) (T efferies, 1995).

In Iran, several Tospovires species of differert
serogroups (Moyer, 19990, induding INSV, Fis pellow
spofvires (IVEV), PEBHY and TEWY, have been reported
in  seweral hosts  (Ilodd  and [zadpanah, 2001,
Golnaraghd ef al., 2002, Ghotkd ef 2l , 2005). [n 20032, a
distinnet Tospovirus species infecting tomato plarts in the
Varamin area of Telwan provinee was iderdified and the
tiame of T orvato yelloer fradt ring wArus (TY FRV) was for it
proposed (Winter o <, 2002, 20067 A widespread
ocowrence of TY FRV in crnamertal and soybean crops
was repotted in some provinces of Iran, where the virus
wag also detected in sotme weed species (Ghothd of o,
2005; Golnaragltd ef A, 2007). It seems that TYFRV
isolates from soyhbear, originally mistook with TEWY,
may be subdivided in two main groups those readily
infecting a broad range of Meofiana species or cultivars
atud those not-infecting such indicators (Golnaraghi ef of |
2002, Based on ELISA tests the tlrips species
Microcephallofhrips abdomivalis and  Thrips
fobact were indicated as potential wectors for TYFRV

a

(CGhothi ef gL, 2005); the vectoring role of the latter was
then expetimentdly demonstrated (Golnaragli ef
2007,

Potado is an importart fleld crop which is widely
cultivated throughoat the world. Iran is the fifth largest
potato producer in Asia with its 36 million tonesfyear
(F&0, 2004). This crop is susceptible to infection by
several viruses, which can substantially reduce yield and
guality (Hocker, 19900, In recert years, Tosporirus-like
symptoms of leaf and stem necrosis have been frequently
observed in Iranian potato fields In the present studsy,
TYFRV wasrecognized as the causal agent of the disease
based o host range studies and serological analysis. The
iderdification of this winis was al so corfirm ed by everse-
trafscription polymerase chain reaction (RT-PCER) and
sequencing. The information obtained in this study will
hopefilly aid in itnprovng detection systems and control
strategies for suchinfections in Iran.

MATERIALS AND METHOD 5

Plant sampling: I a suwvey done it the sienmer 2004, a
total of 95 potato leaf samples from plants showing
leaf and dem tecrosis synptoms (Fig la and ) were

Fig 1: Field symptoms associated with TYFRV infections on potato: (4 necrotic spots on leaves (h) leaf and stem
fiecroais atd (61 a field with appr corith ately 100% of infection
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Table 1: Tospovirus antibodies used in immunological assays

Virus Cat. No. Source Abbreviation
GRSV-SA05 07504 Loewe, Sauerlach, Germarty GRSV-L
INSV 07505 Loewe, Sauerlach, Germaity INSV-L
IYSV 07508 Loewe, Sauerlach, Germarty IYSV-L
TCSV-BRO3 07503 Loewe, Sauerlach, Germaity TC8V-L
TSWV-BRO1 07501 Loewe, Sauerlach, Germarty TSWV-L
TSWV 190112, 190125 Bioreba, Reinach, Switzerland TSWV-B
TYFRV As-0526 DSMZ, Braunschweig, Germany TYFRV-D
WMoV As-0118 DSMZ, Braunschweig, Germaity WSMaoV-D
Tospoviruses® 07507 Loewe, Sauerlach, Germarty Tospo-L
Tospovirus-broad spectrum® 190315, 190325 Bioreba, Reinach, Switzerland Tospo-B

GRSV, Groundmit ringspot virus, INSV, Impeatiens necrotic spot virus, TYSV, Iris yellow spot virus, TCSV, Tomato chiorotic spot virusy, TSWV, Tomato
spotted wilt virus, TYFRV, Tomato yellow fruit ring virus; WSMoV, Watermelon sifver mottle virus. “an artificial mixture of TSWV-BR01, TCSV, GRSV

and INSV, ®recognizes serogroups I, IT and 1T within the genus Tospovirus

collected from four fields in Tehran province of Iran. Each
plant sample was placed in a separate plastic bag,
immersed n ice and stored at 4°C until tested by enzyme-
linked immunosorbent assay (ELISA) for the presence of
different tospovirus species (Table 1).

Enzyme-linked immunosorbent assay (ELISA): Double
antibody sandwich ELISA (DAS-ELISA) (Clark and
Adams, 1977) was adopted for testing different
tospoviruses by using specific polyclonal antibodies.
Specific antisera against TYFRV and Watermelon silver
mottle virus (WSMoV) were kindly provided by 8. Winter
(DSMZ, Braunschweig, Germany), whereas those for
GRSV, INSV, [YSV, TCSV and TSWV were purchased
from Loewe (Sauerlach, Germany) or Bioreba (Reinach,
Switzerland) (Table 1). One hour after adding the
substrate, the absorbance value (A, ,..) was measured by
a microplate reader (Tecan Spectra, Austria). Reactions
were considered positive if the readings were equal to or
exceeded three times the mean value for negative control.

Host reaction studies: Symptomatic leaf samples from two
ELISA-positive potato plants to TYFRV were macerated
m 0.05 M sodum phosphate buffer contaimng 0.1%
2-mercaptoethanol (pH 7.0) and mechamcally moculated
onto Nicotiana rustica plants dusted with carborundum.
Systemic nfections of these plants with TYFRV were
mvestigated by ELISA. The two virus solates, named
TY-PF12 and TY-PF28, were isolated by three serial
single-lesion  inoculation passages on cowpea
(Vigna unguiculata) leaves. In the host range studies,
systemically infected M. rustica leaves were used for
moculating Amarathaceae, Chenopodiaceae,
Cucurbitaceae, Brassicaceae, Fabaceae and Solanaceae
plant species (Table 2). The inoculated plants were kept
under greenhouse conditions and the presence of
virus was ascertained by observing eventual local
and systemic symptoms  induced and by ELISA
tests. In host range trials, 2-10 plants of each species
or cultivar were inoculated and the tests were
repeated twice or more if the results were negative or
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uncertaimn. The virus isolates were mamtained m freeze-
dried infected M. rustica leaf tissue and stored at -70°C.

Serological  analyses: For ther  serological
characterization, TY-PF12 and TY-PF28 1solates were
further analysed by ELISA, using the available antisera
against different tospoviruses (Table 1).

Reverse transcription-polymerase chain reaction
(RT-PCR): Total RNA was extracted from 100 mg healthy
and infected leaf tissue using the RNA extraction solution
(RNX plus™, CinnaGen Inc., Tehran, Iran), as described
by the supplier. RNA was finally precipitated by
isopropanol, washed in 75% ethanol, resuspended in
diethyl pyrocarbonate (DEPC)-treated water and stored at
-70°C until use.

In this procedure, forward (TYL — 5°-
TTTTTGTTTTTTGTTGTTTTTGGTTTITTITGTTT
TTTGA-3") and reverse (TYr: 5-
AGAGCAATCGAGGTATAACACATT-3") primers
previously described for amplification of a DNA fragment
of approximately 1,200 bp corresponding to TYFRV-N
gene (Golnaraghi ef al., 2007) were used. These primers
were synthesized by MWG-Biotech Co. (Germany). First
single-strand cDNA (ss ¢cDNA) was synthesized using
5 uL of template RNA (1.2 pg), 1 ul. of the primer TYr
{20 pmol uL. ™ and 1 Ul of RevertAid™M-Mul.V reverse
transcriptase (200 u uL™") (Fermentas, Lithuania) in 20 pL
reaction volume at 42°C for 60 min and then at 70°C for
10 min to inactivate the enzyme, according to the
manufacturer’s  instructions. For the amplification
reaction, ss cDNA was used as a template for the specific
PCR using Pfu DNA polymerase (purchased from
Cimnagen, Iran) and TYFRYV specific primers. The PCR
program consisted of 94°C for 1 min, 30 cycles of 94°C for
30sec, 47°C for 1 min, 72°C for 1 min and finally 72°C for
10 min (Golnaraghi et ai., 2007). Thermocycling was done
in Primus (MWG Biotech Co., Germany). PCR products
and DNA ladder (GeneRuler™ 100 bp DNA Ladder Plus,
Farmentas) were fractionated by electrophoresis on a 1%
agarose gel in the presence of 1 ug mL ™ ethidium bromide
(Ausubel et al., 1993).
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Cloning and seguencing: To confirm the RT-PCE result,
the expected product of approximately 1 200 by for TY-
FF12 isolate was sequenced The amplified DA after
PCR amplifi cation was cleaned by Hucl eospin (Macherey-
Hagel, Germarry) and cdoned into pGEM-T Easy wector
(Promega Crop, Dladison, W, according to the
marmafactirer s’ instnact ons. Sequences from both strands
of the cloned DHA in three itndependernt clones were
determined by the custom sequeticing service of WG
Biotech. Co (Germany). The muclectide sequence
obtained for M gene of this isdlate was compared with
other sequences available in the GenBank using Basic
Local Aligunent Search Tool (BELAST) (Altsclul of 4,
19297y at the Mational Center for Biotecknology
Inform ation. The macleotide sequence and deduced amino
acid sequence also were alipgned and compared with the
satie tegionn of other tospovirases awvailable in the
GenB ank by the Clustal Wi Thompson of ol 1994) using
hleg Alion progratm wer. 5.00 from the DMASTAR package
(DHAITAR, Madison, WI, T34) (Buland, 20000,

Transmission through petate tubers: To study wvirus
transmission the ough potato tubers as potertid inocoalam
sources, 50 potato plants of ov. A gria which were positive
in ELI3A to TYFRV were selected in a field inTehran
province, matked by wooden flags and their tubers
hatvested at the end of the growing season The potato
tubers were evduated for the presence of symptoms,
stored o 4°C in datk conditions for tero morths, planted
individudly in 10 cm plastic pots contdning pasteurised
soil and madrtaned in an insect-proof greenhouse. In
total, 461 seedlings were separately tested by ELISA for
the presence of TYFRV .

RESULTS

It the survey cattied out i the swmimer 2004, almost
all platts grownin some flelds in Telran province were
damaged and showed leaf and stem fectosis symptoms
(Fig. 1c). Significant populations of Thrips fabact were
alao foundin the affected fields Based on ELI3A results,
100% of symptomatic potato leaf samiples were positive to
TYFEYV. Mone of the samples reacted to the other
tospovrises tested

Host range: In the host range stady, TV -PF12 and TV-
PF2IE izolates infected Chencpodiim  amaroificolor,
Ch quivoa, Cuwcwmis sdfivus, Gomphresn globosa,
N fabaciem  cows.  Samsun,  Fhasechs  wdgaris,
Solanem nigrum, Vicia faba, Peha  Fpbrida  and
Fignm ungbiculata plants, on which they induced
chlorotic and’or necrotic local lesions. In Dafira  mefel,
D stramoiiom, Lycopersicom  esciderfum, MNicofiana
bemthamiaa, N glufincsa and N rusfica the gppearance
of systemic symptoms of necrosis followed that of
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niecrotic of chilorotic local lesions. Mo local or systemic
sytmptoms were ohserved on Brassica rapa, W fabacm
cv. White Butley, Riplepras safivis, Rapisfrum rugosam
and Spstmieiien loeselfi. When healthy potato plards
(Solazam fuberosim or. Agrid) were atifi cially inoculated
with these isolates, necrotic lesions followed by chlorosi s
atid necrosis sanptoms developed (Table 2 and Fig 2,

Table 2:  Fvptornatokbey dudaced by the potate Togamedns [ TYV-FFLD)
on indicator planter

hdicatorplad, Localreaction,  Sheebeamic fogoiion

Amarandhaceae

Al op. HL

Gemspfrera globosa HL

Brassicas eae

Frassica rapn

Begalvmus sahivis

Fepmsirimg pUERSLN

Spamindion eseld

Chenopediae s

Cherapnadigg o che i olor HL

TR quiusa ML

Cuoumhitac exe

Cusrinyis sativus CL,HL

Fabaceae

Fruaseolus vulgas oo, Talach HL

Wiria faba HL

Figna mpnculata cv. hlachad CL,HL

Sohnaceae

Dabra metel M3 H5,LD, 5

I stranamaim HE HE. LD, TH

Ly aprersic on escllartum HE LD, 3

Alcotiman enfamnian s ML, C1LH

A plutivumsa Hs TH

AL pustiva CL,HL .5, LD, &M, Su, M

A tofvuoy ou. Samam HL -

A toafvacamy o, White barleyr -

Fenrga Fpinida HL

ol yogrm HL -

A tudwerasu o, SeTia HL Cl,H

“The host Teaction obtaired for TW-PF2E wras cindlar to those for TY-FPFL2;
Cl Chderosic; CL: Chlbootic Lesions; C5: Clhlaootic Spoes; LD Leaf
Defonnatiory M blosaic; H: Heqosis; HL: Heaotic Lesiones; H 5 Heaotic
Spots; M Sten Mecrosk; Su Somdings; TH: Top Hedosis; -0 Hao
e tioz

Fig Z: Bymptoms induced by mechanical inoculation of
TYFEV (TV-PF12) on Solavean fuberosum ov.
Augrial (4] necrotic lesions and (W) systemic
fiectosis
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Table 3: Reaction (A . of the potato Tospovirus isolates (TT-PF12 and TY -PF28) with different tospovinus antibodies in double-artibody sandwich

erzym e-linked immunosarbent assay form ats*

Artibodies W egative cotitrol P ositive control TY-PF12 TV -PF28
GESV-L 0n1s 0601 0o1s 0.020
INEV-L 0013 0807 0019 0018
I¥EV-L 001e 1.194 ools 0021
TC3V L 0020 0519 0olg 0022
TSWY L 0n1s 1080 00is 0.01a
TSWY -B 0o1e 1.121 0022 0.027
TYFRV-D 0022 0904 1021 1.144
WEMoV -D 0029 0.510 0.055 0.083

The highest absorbance value recorded for the two isolates is shownin bold. “The average of A& 15 . ¥alues 80 min after adding substrate is indicated

Tahle 4: Tospoviral M protein squence identibes

Wi  FLOW  CCSW CEIWNWY  GRESW INSW IVSW DLIVEY FBNV PCFV  PhShioV P¥5V TCSWV TSWW TVFRY TV.PF12 WBNV _WihIoV CaCW
ZLCY 100 242 T 45 3% 300 281 23 135 285 1me 741 137 B 032 262 269 269
COEW o 23% 51 232 442 570 8.6 16.7 58 142 Ha 74 4l L5 64.7 63.4 647
CENY 100 700 33E 304 300 X5 162 30.4 124 741 737 DA D6 238 265 262
GRSV oo 33 200 270 g 147 7.4 171 BAR Y24 30 320 2 22 83
NGV o 270 239 2i4 167 259 175 525 333 B3 03 266 285 293
IVsW 10 440 4.1 163 6.4 142 213 zmd T2z mno 40.1 A5 443
IV 5V 100 31 181 ] 183 274 2288 M7 M3 511 362 315
FEHV 100 16.7 582 s 14 Bz 4E 421 4.0 233 241
PCEV 100 185 639 134 143 141 141 148 159 144
FhsvbY 1an 127 g N0 &5 455 ErR 6.9 SES
PYsV a0 134 145 150 154 127 187 163
TCEY m  79s TE Rz 6.6 6.4 280
TaWV 100 1] 1] 274 282 320
TYFRY 100 |3 40.4 304 1.1
TY-FF12 100 407 40.0 415
WENY 100 244 215
WilhV 100 862
Calll 100

*The tospovirus species referred to aw: CCSV, Calla lily chlorotic spot wvine (AVEGTS02);, CaCV, Capsicum chiorods virus (DQ3S5974), CSHV, Chrysantherum
stem mecrosis virus (AF06T065), GRSV, Groundmuf ringspof virus (AF513219); INSV, Inpafiens necrofic spof wirus (DO0914);, IVSV, s pellow spof wirus
(&FO01387), MYSV, Melon pellow spoi wirus (AYET3635), PBNV, Peamd bud mecrosis wvirus (AYGLES64), PUFV, Peanuf chorefic fanspol virus (AFI20526);
PYSW, Peanutf pellow spof virus (AF013994); PhSVDY, Physalis severe mottle vires (AF067151); TCSV, Tomefo chiorofic spof wirus (AF282982), TSWV, Tomafo
spoffed wilf vires (AYESE3L); TYFRY, Towmato wellow fruit rng vine (AJ403200;, WBNV, Wafermelon ud necrods wirus (AF006T), WSNDV, Watermelon
silver mofle virus (WY 514627, ZLCV, Zuce lind lefhal chlorosis vires (AF067069) and TV -FF12 (DOM19916) in this stody

Fig 3: Detection of TYFRV by RT-PCR. Ethidium
bromide-stained agarose gel of PCR products.
Lane 1, molecular weight DNA  marker
(GeneRuler™ 100 bp DNA Ladder Plus, Farmentas,
Lithuania), lane 2-5, a fragment of approximately
1,200 bp obtained using TYf and TY rprimers

regsembling those observed in the field (Fig 1). The
experimental host range and the kind of symptoms
obzerved were similar for both the isolates under study.

Serological analyses: To study the gerological correlation
of TY-PF12 and TY-PF28 isclates with other tospovirus
species, inoculated W rustica plants were tested in ELTSA
against antibodies to different tospoviruses (Table 10
Both izolates strongly reacted in DAS-ELISA when the
TYFRV-antizerum (DSWZ, Az-0528) was used; at
contrary, no significant reactions were observed in ELISA
tests using specific antibodies to GREV, INEV, IY3V,
TCEWV, TEWY and WEMoV (Table 3).

RT-PCR and sequencing; DWA fragments with the
expected size of approximately 1,200 bp were amplified by
RT-PCR using the primer pairs TYf and TYr from the total
BWAs extracted from M. rustica plants infected with
TYFREV (Fig. 3). Wo products were chtained with Bl As
from healthy plants. The nuclectide zequence of the TY-
PF12 amplicon was determined (GenBank acessgion no.
DQ419916) and  compared with those in the
GenBank using the BLAST algorithm. A high identity
to TYFRV gencme was revealed, thus confirming the
results achisved by RT-PCR and that, thiz sequence
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TTTTTTTGGTTTTCATAAACTTATTTAAACARCCCTTGAGTATATTTARACACATAATTARATGTGATAGARAIAC
AARACTTAARCACACTGATARAACTATATGGCACACAAAARAACTGAAATARALTATTTARATATATATAARGTAATA
ARRCACACAATGACTAGAAGTACTTTAGTAATCTTARATACTATATAATACTGAGTAATAGCAGAARATGTTTTA
ARRACAGTARAAGCACTCATTARAATGCATCATTCTTTTTGGRAAGATGGTTTGGGUTTTGAAGACCCAGCACCAT
N K K 5 5 P KE P K 5 5 G A G N

TETCATCAACAATTTTCCCARAAGCACTT TCAAGAGCTTTAATTTGCTCATTGAACTTAT TCAATGARGCAGCAC
L K I ¢ E W F E N L § 2 A G

CAGCAGTCCCTGGAGTACAGT CAT TTAGAATTTTTATGGTT TCTTCARARATG TCCTTGGAGACCCCAGTEARAL
N L I K I T E E ¥ I D K $ ¥ G T F T

TGRATTCTTTAGTTGCCATARCCCGGGCGATCTTGCACAGC TGTTCATAAGTTGAARATTTGCTTATCCCCARAG
K ¢ L ¢ E Y T 8 F K $§ I G L A

CTTCTTTTTTTACATTCTGGARAATARGCCAATGGAAATGCAGTTGCAGCARACTTATCAAGACTTGCCATCAAGE
¥ A T A A F K Db L § A M L P

GEAGAGEECCTCCTAGT G TTAGCATGACTCTAGCT G TAGTTGCATCARATTTAGGGCTAGGTTTTARACCATAT G
T T A D F K P S P K L G Y A

CGTTTACCAT TGGAAGCTCACARAGTTTCTCATACATTTTCTGTTGCTCGUTTGCATTCTCCACAGCAATCAGTT
M E ¢ 9 E 5 A N E V A I L E

CCATGAACATTTTGGCTCTTATGAAGCCT TCCAACCTTCTGAATGTCCAATCATCTTGACCAGCGUTCACAGTTG
R R F T W D D © &G A 5 V T A

CACTGGEAACAATAATAGGATTGCCTTGGAATTTAAACTGGCCTGCTTTCACCATTTTG TARATACCTGCTCTET
LB K v M K Y I G A R N

TCCTTARAATTGTGTAACCGTTG TTGRACGTCATTTTCATGGCTTTGTTAGCCARARCAAACTCTTTGRAAGTTGA
T M ¥ M A K N A L VvV F E K F N F

ATCCTGCAGTTTCTTCAGCTTCAATCACTACATCTGCTTCACCACCAGCAAGAAGUTTCTCAATGTTCTCTTTGC

76
151
226
* F A D

301

p o ¥v I K G F A 5 E L
376

LB T G F T C D
451

¥F E K T A M vV R A I
526

E K K v N ¢ F ¥ A L P
601

L P G 6 L T L M ¥V R A
676

¥ v ™M P L E C L E E Y
751

M Fr M K A R I F G E L
826

s P ¥V I I P N G p F K F Q G
501

R L I T Y & N N F
876

¢ A T E E A E I V¥V V¥
1051

v R A T 5 M

D A E G G

A L L K E I N E K 8

TCACTCGTGCEGTAGACATGG TG TTTACT TAGGAAGCAGCTTACTTTG TGGAAGTTGTTTGAATTT

Fig. 4: Nucleotide sequence and deduced amino acid sequence of TY-PF12 N gene. The aminoe acid sequence was
predicted from the complementary sense of the nucleotide sequence shown

corresponded to a tospoviral N gene. The sequence
obtained (Fig. 4) was 1116 nuclectides in length and
contained an ORF in the complementary strand starting
with an AUG at nucleotide position 1069 and terminating
with @ UAA codon at position 245 The deduced N
protein sequence was determined to be 274 residues long
with a predicted molecular weight of about 30.1 KDa.

Computer analyses of the muclectide sequence
obtained for TY-PF12 revealed the lighest identities to
TYFRV (97.6%) and IYSV (75.9%). This sequence showed
the lowest identities to Peanut yellow spot virus-PYSV
(9.2%) and Peanut chlorotic fanspot virus-PCFV (3.9%).

Analyses of the deduced N protein showed the
closest relationship of this isolate to the species TYFRV
(99.3%) and IYSV (71.9%) and a distant relationship to
PYSV (15.4%) and PCFV (14.1%) (Table 4).

Transmission through potato tubers: Symptoms of
necrosis and malformation were observed in 7.2% of the
tubers collected from TYFRV-infected potatoes. Also, in
11 cases (2.4%), tubers transmitted this virus to potato
seedlings, that showed reduced growth and necrosis

symptoms.
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DISCUSSION

Very little information 1s available on the tospovirus
infections of potato crops in the world. In the present
study, the occurrence of a Tospovirus species in potato
fields in Tehran province of Tran was demonstrated for the
first time based on host range, serology and sequencing
data. This virus caused severe leaf and stem necrosis on
potatoes and sometimes the death of the whole plant.
Electron microscope analysis showed the presence of
enveloped spherical particles of ca. 100 nm in diameter in
the infected material (data not shown), thus giving the
first firm indication that a Tospovirus was involved
(Fauquet et al., 2005). The wide experimental host range
of two 1solates studied (TY-PF12 and TY-PF28) was
similar to that described previously for TYFRV
(Ghotb: et al., 2005) and closely similar to that of not-
infecting Nicotiana isolates  from  soybean
(Golnaraghi et al., 2002b; 2007). In serological studies, a
panel of tospovirus-specific antibodies did not react with
these 1solates, such as it previously occurred for TYFRV
(Winter et al., 2006). Additional evidence of the identity
of the studied viruses to TYFRV was obtamed in RT-PCR,
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using specific primers for amplifying TYFRV-N gene,
since amplicons with the expected size of approximately
1,200 bp (Golnaraghi et al., 2007) were detected 1 nfected
plants. The hugh identity to TYFRV was further confirmed
by sequencing of the amplified fragment.

During this survey, the totality of potato plants
showing leaf and stem necrosis symptoms were infected
with TYFRV. Similar symptoms were frequently observed
in the main Tranian potato growing areas, which were
often ascribed by farmers to other causal agents, e.g.,
Alternaria, or to senescence phenomena. Therefore,
deeper studies devoted to the determination of the
incidence and the distribution of this virus in Iranian
potato fields and on its potential importance on different
potato cultivars seem justified. Very low levels of virus
transmission through potato tubers were also evidenced
for the first time in this work, the epidemiological value of
which remains anyway of great practical importance and
mterest since the infected tubers represent the primary
foct from which TYFRV mnoculum could be further spread
by vectors, e.g., Thrips tabaci (Golnaraghi et al., 2007).
The rate of virus transmission through potato tubers may
be nfluenced by many factors, mcluding the period of
mfection and the cultivar, as reported for other potato
viruses (Hooker, 1990; Loenbenstein et al., 2001; Wilson,
2001); so, higher levels of such transmission can be
expected. Furthermore, cutting tools also will help in
getting much higher percentage of transmission to
healthy tubers and this, affecting TYFRV epidemiology
and wide spreading of the virus.

This research represents a preliminary step towards
the characterization of tospoviruses m potato crops in
Tran. Other results of the study not reported in this paper
revealed considerable differences among the host range
of various TYFRV-potato isolates and the lack detection
with the primers TYf and TYr. Therefore, further
investigation of the biological and molecular properties of
this virus and improving the effective tools for virus
dentification  will be necessary for the disease
management.
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