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Abstract

To survey the distribution and prevalenceatiato virus Y (PVY) strains in north western Iran, 381 symptdmat
infected samples of the main potatoes grown irstlié region were collected from the fields betwé¢all et al.,
1998) 2007 and 2008. The collected samples wesetéisted for PVY infection via a double antibodypdwich
enzyme-linked immunosorbent assay (DAS-ELISA) téghe. Of the total number of collected samples, 79
(20.73%) tested positive for PVY infection. The lingt level of PVY infection was observed in thetréis of
Gilak-Abad in Sarab County, whereas the lowestcitida was observed in the district of Oughan ingbburbs

of Sarab city. The RT-PCR detection of PVY straiysusing specific primers resulted in the amplifica of
DNA fragments specific to the PVY strains NTN, G, &d N at 725, 1553, 352, and 616 bp, respectilélg
highest strain diversity of PVY was detected in digrict of Shirehjin in Sarab city and the lowasthe district

of Ghaleh Jugh in Bostan-Abad city. Both single andtiple infection types of the PVY stains weresebved in
the region. Of the 79 PVY-infected samples, 77.248fe infected with strain O, 62.02% with strain39,24%
with strain N, and 8.86% with strain NTN. The highdevel of multiple infections was observed in the
combinations of the strains C+O (27.84%) and ti@etrstrains O+N+C (15.18%). This paper is thet fis
report the detection of the PVY strain NTN in Iran.
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1. Introduction

Potato virus Y (PVY, Potyviridae: Potyvirus), one of the most ecoon and destructive viruses found in potatoes
(Solanum tuberosum L.), immensely impacts the potadustry because it causes tuber necrosis, whaths
to(Sigvald, 1992); (Hall et al., 1998). The virargpme includes a single-stranded ss plus, an RNkauie
about 10 kb in length, a VPg protein covalentlyaeltied to its 5° end, and a poly-A tail at its 3.€Rde viral
RNA encodes a single large polypeptide, which é&aekd by three virus-encoded proteases into niogupts
(Dougherty and Carrington, 1988). Different potBdY isolates from the outcrop can be categorizéd four
groups based on virulence and host response: P\PKQY,N, PVYNTN, and PVYNW O-Strain (Ordinary)
(Glais et al., 2005). The last group, also termedP®YNW or PVYN:O, is the common group that can be
detected by O- but not by N-specific monoclonaltardies (MAB). PVYN or the venial necrosis grouglices
PVYNW in North America and PVYNTN (Chrzanowska, 19%lais et al., 2005); (Nie et al., 2004, Nie and
Singh, 2003). PVYO is also known as the common gr&W/YN the tobacco venial necrosis group, PVYC the
stipple streak group, and PVYNTN the tuber necregiain group. PVYNTN induces the potato tuber agcr
ring spot disease. Other groups have also beetifiddnincluding PVYZ and a new group that inducesial
necrosis in tobacco and possesses the coat piggem typical of O-strains (Solomdiackburn and Barker,
2001); (Blanco-Urgoiti et al., 1998); (Jones and, @994). This latter group can be detected by @it by N-
specific monoclonal antibodies. This variant, dieown as PVYN:O, is termed as PVYNW in North Amaric
(Nie et al., 2004). Some workers (Glais et al.,30fbnsider PVYNW and PVYNTN as sub-strains of PVYN
The symptoms induced by the various strain groupgdtatoes depend on the particular isolate and. hos
Typically, the foliage symptoms of PVYO, PVYC, PVYRVYNW, and PVYNTN include mild to severe leaf
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mosaic, rugosity, crinkling, severe systemic ndstadropping of leaves (leaf drop streak) and dingrfmild

leaf symptoms (which may not often be obvious ifedted plants), and severe leaf symptoms. Different
structures of PVY variants have been defined bydhaen et al., 2007). For the epidemiological itigasion of
PVY, in-the-frame and in-the-field evolution rellabtest systems, like serological tests and enzjmked
immunosorbent assays (ELISA), are necessary. AlthdtLISA has been adopted for routine testings ihdt
sufficiently sensitive. Thus, the search for moeasitive techniques remains a challenge. In trépaet, RT-
PCR tests that combine cDNA synthesis and PCR &ogtlon have been proposed for the detection ¢étpo
viruses like PVYO and PVYNTN. In this test, crudepsfrom the leaves are used directly in the RT-PCR
reaction. In our study, ELISA was used as the basithod because it is simple, sensitive, and gépera
adequate for the large-scale screening of infeptedts. The results of ELISA were combined withsihdrom
dot-blot ELISA. Lastly, the PVY strains were digliished via PCR. The aim of the tests was to cateehe
appearance of the symptoms with the prevalenc&/dMNTN, PVYN, PVYO, and PVYC in the potato fields of
northwestern Iran.

2. Methodology
2.1Virus source and plant material

A total of 381 potato leaf samples were collectexnf selected fields in northwestern Iran from 26@2008.
The samples were collected mainly by the authole [Baf samples were submitted to our laboratotlly. A
original samples were initially tested via serot@jiand RT-PCR assays and then stored in the fredzae
temperature of -80 °C. Of the 381 original samplES,were further selected based on serological guti@s,
molecular analysis, and representativeness of ébgrgphic region for inoculation inté. tabacum cv. Samsun.
They were subsequently characterized via seroRE¥PCR, and bioassays.

2.2 Virus isolates

The virus isolates were provided by Dr. Reza Pamadf the Iranian Plant Protection Biodiversity a@énetic
Resource Complex. The isolates were maintaingd. itabacum cv. Samsun. The leaves of the infected plants
were harvested two weeks after inoculation and westd via ELISA for the occurrence of other potatuses
by using cultured polyclonal antibodies against PRA/X, and PVS. In addition, RT-PCR was also peried
for the PVY strain.

2.3 Serological testing—ELISA

DAS-ELISA was conducted following the methods of®Bl and AdamgClark et al., 1976)For the present
study, commercial polyclonal antibodies against PAand polystyrene micro-titre plates were used. dlaat sap
was diluted to 3 mL in phosphate-buffer saline wai¥t PVP to test the inhibition of the antigen-aodi
reaction. All samples were tested in triplicateusyng pairs of wells containing 200 mL of the d#dtextracts.
The uninfected potatoes were also included in EL&ESAnegative control samples. The absorbance ahAD5
was measured for 5, 2, and 4 h after incubatioh wWie substrate by using an ELISA reader. The deta
processed using SPSS.

2.3 Partial purification of PVY patrticles

Three samples of PVY isolates were selected franfitids of every province covered in the studyeyfwere
mechanically inoculated inttobacco cv. Samsun and Chenopodium amaranticolor to determine their different
strains. All plants were grown in a greenhouse8at@ to 22 °C with 12 h of light. Triplicates of &y plant at
the three-leaf stage were lightly sprinkled witlbmaundum powder prior to mechanical inoculatiothvPVY
potato leaf extracts, which were ground with a @ioand pestle in an extraction buffer at a 1:1ra&bout 7

to 10 days post inoculation, foliar symptoms wezeorded daily for the next 15 to 20 days. The dguekent of
their symptoms was compared with positive and negatontrol plants. The differential plant used foe
detection of every strain of PVY showed differeyimptoms, which were identified via RT-PCR for the
corroboration of every sample.
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2.4 Total RNA extraction

RNA was extracted from potato leaves via a slightiydified version of the method of (Mekuria et 2003).
The tissues of the potato leaves (200 mg to 300weg frozen in liquid nitrogen and ground to aeffpowder

to produce a leaf homogenate. About 3 mL of theaexibn buffer (EDTA 0.01M, Lich 0.1 M, Tris-HCI @, M,
SDS 1%, LiCl 4M, PVP 5%, [w/v]) and sodium metalffisel 2% (w/v) were added and mixed. About 7d0of
the sample was decanted into a 1.5 mL microfuge.tébout 800uL of phenol-chloroform-isoamyl alcohol
(1:24:25)was added and mixed. The tube was incubated ifoic&5 min before centrifugation for 15 min at
14000 rpm and 4 °C. About 4QQ of the supernatant was transferred to a freshrafiige tube and an equal
volume of 4 M LiCl was added. All samples were kapt20 °C for 4 h following centrifugation for 1Bin at
14000 rpm and 4 °C. The supernatant was extrudiedut?400uL of distillated water, 80@L of cold ethanol,
and 40uL of sodium acetate 3 M were added into every taliegf which were centrifuged again for 15 min at
14000 rpm and 4 °C. The supernatant was discarg&id.a-or last time, the microfuge tube was washitd
100 uL of cold ethanol (70%) and centrifuged for 5 miMt@00 rpm and 4 °C. The supernatant was excreigd a
the tube was air-dried. Finally, the tube was repsaded in 3QL of RNase-free water and stored at -20 °C.The
RNA concentration was calculated by measuringbtogbance at 260 nm.

2.5 RT-PCR amplification

About 0.1ulL to 5 puL of the total concentrated RNA extract and QL2of a random hexamer were diluted with
RNase-free water until they reached a concentraifohl ulL to reduce nonspecific amplification. The extract
was incubated at 70 °C for 15 min and chilled im fior 3 min. About 4iL of the reaction buffer (5X), AL of
each dNTP mix (10 mM), 0.aL of ribonuclease inhibitor, and 12,8 of distillate HO were added to the
denatured RNA extract until the mixture reached@ame of 25uL. The mixture was incubated for 5 min at 25
°C. A total of 200 units of reverse transcriptasesadded following incubation for 10 min at 25 ¥ &0 min

at 42 °C. The RT reaction was terminated at 7m?A.® min. The resulting cDNA was stored at -20bYQusing
previously reported primer sequences and reactioditons.

To distinguish the PVYO, PVYC, PVYN, and PVYNTN lates, PCR was performed usingu2 of the cDNA
mixture at a final volume of 2pL containing 2.5uL of 10x PCR buffer. About 1.7, 2L of MgCl, for PVYO,
PVYN and PVYO, PVYNTN were set up respectively.dadition, 1uL of dNTP (4 Mm), 1uL of the reverse
primer (10uM) and 0.5 unit offaq DNA polymerase. PCR was conducted in a thermocyukeechine supplied
by Eppendorff. The annealing temperatures usethioPVYN, PYVO, PVYC, and PVYNTN isolates were 56
°C, 58 °C, 54 °C, and 60 °C, respectively, in ttat fycle. A temperature of 94 °C (1 min) was usethe next
35 cycles; 54 °C (30 s) in the succeeding 35 cyeled 72 °C (90 s, 10 min) for the last 35 cycled ane final
cycle. The PCR products were fractioned and assesse 1.5% (w/v) TAE agarose gel at 110 V for 28.m
They were kept in ethidium bromide (Oug/mL) for 20 min and photographed with UV illumirat with
imaging system.

2.6 Primer design

The sequences of the primers for PVYN, PVYO, andr\Wvere provided by Dr. Farshad Rakhshandehroo
from Islamic Azad University, Science and ResedBcanch Faculty of Agriculture and Natural Resources
Tehran, Iran. The primers included the reverse @ri&t’ ®*'CCGAATGGGACAAGAAAACTTG™?23", which is
located in the coat protein gene. The forward priBi>*GCAGTTTTAGCGCTGACTC?*%5" gene position
was named PVYN and had a product length of 725 bphe reverse primer 5’
100AATTGTACGATGCACGTTCTAGA! % 3 and the forward primer 3
24 5GCTCATCTAACAGCAACTGTCE® 5 were named PVYO and had a product length of 1553The
reverse primer 5 “®“CAGCCATCTGAAAGTAGTGC “%3" and the forward primer 3
15 TTGAAAACCGTCTTAGTTAGTT* 5” gene position were named PVYC and had a leofy885 bp. The
reverse and forward primers for PVYNTN were 5 T@GWARTTGAGTGCGATAC 3 and 3
CATCGCGCAGTTACGAAC 5, respectively. Their gene pionis were 8535-8556 and 9151-9169,
respectively, because of their length, which is BE6PVYNTN was designed based on the conserveakeseq

of the PVY Genbank databases (Table 1).
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Table 1. Primer and probe sequences and optimized contienttssed in RT-PCR reaction for catalase different
strains of PVY (Potato Virus Y)

Name Sequence Name of target ::;r:;[ﬁct
YN3-2505 (b) GCAGTTTTAGCGCTGCTGACTC PvyYN

YN5-1780 (b) CCGAATGGGACAAGAAAACTTG PvyN 725 (bp)
Y03-2558 (c) GGCTCATCTAACAGCAACTGTC PVY° 1553(bp)
Y05-1005 (c) AATTGTACGATGCACGTTCTAGA PVY©

YC3-460 (h) CAGCCATCTGAAAGTAGTGC PVY® 335 (bp)
YC5-125 (h) TTGAAAACCGTCTTAGTTAGTT PVY©

YNTN-8535 TGATGAARTTGAGTGCGATAC pyyN™ 616 (bp)
YNTN-9151 CATCGCGCAGATTACGAAC pPVYNT™

F=Forward

R=Reverse

2.7Tobacco and potato bioassay

A total of 27 PVY field isolates were selected lwhem their serological analysis with agent geogiegh
location. They were mechanically inoculated iotobacco cv. Samsun and Chenopodium amaranticolor to
determine their pathotype. All plants were grownaimgreenhouse at 15 °C to 18 °C with 12 h of ligtte
tobacco plants were in their three-leaf stage aedewightly sprinkled with carborundum powder prior
mechanical inoculation with PVY potato leaf extgctvhich were ground with a mortar and pestle in an
extraction buffer (0.01 M sodium phosphate, pH €dntaining 0.4% sodium sulfite) at a 1:10 (wt/vrd}io.
About 7 to 10 days post inoculation; the foliar pgfoms manifested and were recorded daily for the b8 to
20 days. The development of the symptoms of thaamilated control plants and that of the symptofithe
plants inoculated with the control isolates PVY®YN, and PVYC were compared. However, the PVYNTN
was identified only through a comparison of itsacleymptom with the original symptom and througHeuolar
assessment (McDonald and Singh, 1993, Lorenzer.eR@06).The plants were monitored for the foliar
symptom development characteristic of PVY (mosag&nial necrosis, spot necrosis, and leaf necrosis).
tobacco andChenopodium amaranticolor plants that were mechanically inoculated werestesipproximately 3
to 4 weeks after inoculation via RT-PCR to confiirair infection status.

RESULTS
Serological identification of viral isolates

Of the 381 isolates tested by ELISA, a total ofsé@nples were found infected with PVY. In this asseent,
each area (Bostan Abad, Shirehjin, Gilak Abad, &arjOghan, Razeligh, Khalil Abad, Taran, and Bala@m
showed different distributions of PVY infection fla 2). Gilak Abad showed the highest percentagéoj2of
infection. Shirehjin, Razeligh, Bhreman, Khalil AhaBostan Abad, and Oghan showed 22%, 22%, 22%, 19%
18%, and 16%, respectively. Taran did not showiafection.
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Table 2. Single, Double and Trple Strain infection in different Geographical Place (Bostan abad, Shirehjin, Gilak Abad, Karjan, Oghan, Razeligh, Khall Abad, Taran and
Balreman) in lran.

Strains Type of irdection Single Strain infection Double Strain - infection Triple Strain  infection

) Total Hurmber
P sanples of | T 1 O ¢ N o O+ 04 NHNTN | O+l O+CANTH | OHHNTH | GO+

sach et infected
with PYY

Bostan abad 0 48 1 1 - 1 + e + + + i
Shirehjin 20 22 2 2 1 2 - - + HHH +H +
Cilakabad T g 37 2 ! 2 + e + +
Keagjan 13 0 3 3 4 3 + +
Oghan 2 P 2 1 2 r -
Razelich o 4n ! ! ! + ++ + F.
Kbl fbad | ” i i n - N
Taran R 10 R
Baluszoan 4 12 ! - ! + +
Total 79 331 3 ? > 3 ot 22+ 2+t o+ 5+ 1 12
Fercentage ol 9073 l6.45 113 6.32 1645 1139 2784 2.53 1139 632 126 15.18

Detection of PVY strains

The PVY assay was performed using well-charactdrizelates from each of the four strains. The tssul
showed that the assay performed as expected, angrimers for each strain amplified the correspogdi
isolates (Fig 1,2,3,4). Competitive bands were gmes/here expected (e.g., isolates of N, NTNT, @, @ with
each of the primers), the efficient amplificatiohvehich ensured robust strain discrimination. Tlssay gave
equivalence results when the isolates were testied) the immunocaptured leaveshbftobacco cv. Samsun and
Chenopodium amaranticolor that were used for the biological assessmentofaddlmples collected were isolated
based on the field of origin.

Figure 1. PCR detection of P\VY Specific 725bp from 1:Bostan abad, 2:Sarab, 3iZarArdabil, B-Negative
control, M-Marker and Positive control.

616bp

Figure 2. PCR detection of PVW" Specific 616bp from 1:Bostan abad, 2:Sarab, 4:Bitd&Negative
control, M-Marker and Positive control.
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Figure 3. PCR detection of PVYSpecific 335bp from 1:Bostan abad, 2:Sarab, 3iZabrArdabil, B-Negative
control, M-Marker and Positive control.

B BV 4 2 1

— . ——
e 1533bp

Figure 4. PCR detection of PVY Specific 1553pb from 1:Bostan abad, 2:Sarab, l#ifa4:Ardabil, B-
Negative control, M-Marker and Positive control.

Geographic origins of strains

Of the 79 PVY strains obtained from different ar@asran, most of the strains belonged to the v&i®VYO
serotypes. About 77.21% of the infected sampleseciiom Shirehjin, which showed the highest infectfor
this strain. By contrast, Taran showed no infecfmmthis strain. The next more common strain bgéahto the
PVYC serotypes. Again, most of the infection, 62/0®f the infected samples, came from Shirehjin. By
contrast, Khalilabad showed the lowest infection B¥YC. Taran did not show any putrefaction and wees
place of origin of only 39.24% and 8.86% of theeirtfons related to PVYN and PVYNTN, respectivelnsBd
on this study’s observations, the samples fromedifjim had all strains related to PVNTN, the fireported
strain of this kind in Iran, and characterized &deast local to Shirehjin. By contrast, all thenpdes from
Karjan, Oghan, Razeligh, Taran, and Bahreman testgdtive for the PVYNTN strain (Table 3). Basedtiom
results, the samples exhibited a mixed infectiondib strains. More specifically, the samples fraiifferent
geographical areas showed single, double, ancetiigkction. In the samples with single infectid®yYO
showed the largest distribution. In the sample$ @iuble infection, PVYO:C showed the largest distion at
27.84%, whereas PVYN:NTN showed the smallest tistion at 2.53%. PVYC:O:N indicated the highest
putrefaction at 15.18%. In the samples with triplection, PVYO:N:NTN showed the least distributiffable
3).
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Table 3.Geographic sources and original hosts of potateswt and percentage of single, multiple and triple
infections of different strains of potato virus Y lran.

Number of | Percentage| Number of | Number of | Number of
Number of
Origen area Number of | sample of samples | sample sample sample sample with
9 sample with PVY* | infect with | with PVY® | with PVY® | with PVYF“J‘TN i fect

infect PVY* infect infect PVYVinfect
Bostan Abad 48 9 18.75 8 6 2 2
Shirehjin 88 20 22.72 16 11 9 3
Gilak Abad 37 10 27.02 8 6 3 1
Karjan 60 13 21.66 6 6 5 -
Oghan 49 8 16.32 7 6 2 -
Razeligh 40 9 22.5 7 7 5 -
Khalil Abad 31 6 19.35 6 3 4 1
Taran 10 - - - - - -
Bahreman 18 4 22.22 3 4 1 -
Total 381 79 170.54 61 49 31 7
Percentage 20.73 18.94 77.21 62.02 39.24 8.86

PVY* = Potato Virus

DISCUSSION

PVY is a diverse virus species. The separationclamsskification of PVY isolates into pathotypes traims have
proven to be challenging. Biological propertiegosmgical reactivity with ELISA, and molecular measment

via RTPCR can be used to differentiate the viruairs$ into four groups: PVYC, PVYO, PVYN, and PVYNT
The first three strains are more widespread. Thedaain is rarer. Its report in this paper is fingt in Iran.
Nevertheless, the distinction between the strarontractual. This study attempted to define theteins via
biological identification by using indicator plantsthe greenhouse and the specific conditions @htlanifested
symptoms. Molecular technology was also employed domore accurate biological identification and
determination of the distribution of PVY strainsuiCefforts were focused on determining the pathageature

of all the PVY strains. The first aim of this studsas to characterize and differentiate PVY isolatbtained
from various potato-producing regions in Iran. Hezond aim of this study was to determine therigtns
among the different strains of PVY. At present, tbgults of our study clearly yielded limited inficaition on the
PVYNTN and PVYN strains. More data related to PVa@ PVYO were obtained. This study also showed the
present state of two or three infections of evérgiis (PVYO:C, PVYN:NTN, PVYC:O:N, and PVYO:N:NTN)
from different potato-producing regions.

Based on the previous findings of Mialec et al.0Q®0 PVYN has also been identified in the Unitedt&s.
Specifically, the distribution of this stain hasehereported in California and Florida. PVYN wasoaisolated
from tobacco in Canada, Prince Edward Island, NewnBwick, Nova Scotia, Quebec, and Ontario. Howeater
around the same time when these findings were shddi, PVYN was not found in western Canada (Milavec
and Chapuis, 2004, Moravec et al., 2003)

According to Hinrichst al., 1998 (Hinrichs et al., 1998), the geographidgstribution of PVYN is more limited
than that of PVYO. The distribution of PVYC is mamestricted than that of either of PVYN and PVYheT
characterization of the members of PVYC group islear, although many cultivars are hypersensitivsttains
of PVYC (Singh et al., 2003).

In North American literature, PVYN and PVYO are simes designated as recombinant strains (PVYNrO) o
recombinant NTN strains. The structure of the Noktherican N and NTN variants differ from that ofeth
European recombinant variants. Given the wide tiaridn the climatic conditions of potato-producirggions,
the variation of PVY strains is not surprising. fh@rmore, the different cultivars of potato, eadthwdifferent
levels of resistance and susceptibility, are imgurtissues related to infection and distributiome Thost
selection or non-selection of PVY, such as tomtibacco, and other plants, also have an importietteon
the long-term movement of the different strainsPdfY and on the rearrangement of new strains. Algiou
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certified seeds have much less virus than tablekst¢Singh et al., 2003), seed potatoes still =gE a
potentially important source of new viral strains.
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