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Abstract

Potato virus Y (PVY) is the type species of the genus Potyvirus, family Potyviridae. It has the wid-
est host range of the family. The virus infects 495 species from 72 genera and 36 botanical families.
The main range of natural hosts is concentrated mainly in three botanical families — Solanaceae, Che-
nopodiaceae and Commelinaceae, including potatoes, tomatoes and peppers as the most cultivated
crops. Weeds that have been identified and analyzed in the plantations of potatoes are Chenopodium
album, Solanum nigrum, Datura stramonium, Xanthium strumarium, Capsella bursa-pastoris, Cirsium
arvense, Convolvulus arvensis, Sonchus arvensis and others. Some of them are asymptomatic virus
reservoirs by which vectors propagate viral infections to cultivated crops.
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Potato virus Y (PVY) Potyvirus and Potato leaf
roll virus (PLRV) Polerovirus are the two most im-
portant viruses infecting potato crops in Bulgaria.
PVY is transmitted to potato plants by many differ-
ent aphid species, but the most important vector
of both viruses is the green peach aphid, Myzus
persicae (Harrison, 1984). Aphids transmit the
virus in a non-circulative non-persistent manner,
which means that virus acquisition from an in-
fected plant and inoculation to a healthy one can
be performed during short feeding probes made
by aphids in the epidermal tissue to assess plant
suitability as a host (Powell et al., 2006).

Potato virus Y (PVY), the type species of the
genus Potyvirus in family Potyviridae, is a highly
damaging virus affecting crops of potato (Sola-
num tuberosum), tobacco (Nicotiana tabacum),
pepper (Capsicum spp.) and tomato (Solanum
licopersicum) worldwide. PVY isolates represent
three major strain groups: ordinary (PVY®°), tobac-
co veinal necrosis (PVYN) and aphid non-trans-
missible stipple streak (PVY®) (Petrov, 2012). Nu-
merous recombinant as well as non-recombinant
forms of PVY have been reported (Kerlan 2006;
Petrov, 2012).

PVY is considered to have a relatively wide
host range including mainly solanaceous crops
as well as solanaceous and non-solanaceous
weeds, and even ornamentals (Kerlan, 2006).

Susceptibility to PVY of some solanaceous
weeds, such as Physalis floridana, Solanum nig-
rum and Solanum dulcamara, is commonly known,
P. floridana being used to differentiate PVY strains
(Beemster and de Bokx, 1987). Arable weeds, es-
pecially biennial and perennial ones, can act as
natural virus reservoirs for transmission by vec-
tors.

There are also common weed species known
as hosts for PVY including Capsella bursa pas-
toris and Chenopodium album (Kazinczi et al.,
2004). A comprehensive survey of common weed
species, including known hosts for PVY, may be
valuable for understanding the epidemiology and
future management of the virus in cropping sys-
tems where potato is grown.

The aim of this study is to find out which weed
species in potato crops are PVY reservoirs.

MATERIAL AND METHODS

Plant material

Fourteen weed species were found in potato
plantations and analyzed for viruses: Sonchus ar-
vensis (Asteraceae), Cirsium arvense (Astera-ce-
ae), Chenopodium album (Chenopodiaceae), Xan-
thium strumarium (Asteraceae), Solanum nig-rum
(Solanaceae), Convolvulus arvensis (Convolvu-
laceae), Anthemis arvensis (Asteraceae), Sinapis
arvensis (Brassicaceae), Polygonum convolvulus
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(Polygonaceae), Amaranthus retroflexus (Amaran-
thaceae), Portulaca oleraceae (Portulacaceae),
Datura stramonium (Solanaceae) and Physalis
floridana (Solanaceae).

DAS ELISA serologic test for PVY virus detection

The serologic analysis was conducted by the
method of Clark and Adams (1977). We used kit
from the company LOEWE Biochemica GmbH,
Sauerlach, Germany. ELISAplates are coated with
antiserum (IgG) for PVY, with dilutions (according
to the instructions of the manufacturer) in 0.05 M
carbonate buffer. We incubated plates for 4 hours
at 37 °C. All samples were crushed in extraction
buffer containing 1% PVP (polyvinyl pyrrolidone)
in a ratio of 1: 10. Plates stayed 16 hours at 4 °C.
After the third washing step was added alkaline-
phosphatase conjugate for PVY and the plates
were incubated for 4 hours at a temperature of
37 °C. The used substrate is p-nitrophenyl phos-
phate (Sigma) in diethanolamine buffer (pH 9.8)
at a ratio of 1 mg/1 ml. The reaction proceeded in
the light and at a room temperature. Adsorption
of coloration is measured on DTX 880 Multifunc-
tion detector (Beckman, USA) at a wavelength of
405 nm. The samples were considered positive
for which the OD (optical density, absorption) is
more than twice the value of the negative control,
called threshold or Cut Off.

RNA extraction from weed plants

Extraction of total RNA was performed with
RNEasy Plant Mini Kit (Qiagen, Germany). Extrac-
tion was carried out according to the instructions of
the manufacturer.

Touch-Down RT-PCR for PVY identification and
virus strain differentiation

We used primers PVY Primer 1, 7 and 8 for
P1 gene region of the virus (Petrov, 2012), with
program modification touch-down. Copy DNA
synthesis: denaturation of total RNA (0.05 — 0.5 pg)
at 95 °C for 5 min with 10 yl PVY Primer1 primer
in a final volume of 10 pul; Cooling on ice to avoid
renaturation; Preparation 15 pl of master mix: 5
pl of 5 4 MMLV-buffer, 2 pl of ANTPs (2 mM), 0.5
pI of M-MuLV Reverse transcriptase (200 U/ul),
7.5 pl H,0. Incubation step at 42 °C for 60 min.
Master mix for the PCR is: 1 pyl cDNA, 2.75 pl
10 4 PCR buffer, 2.2 ul MgCl, (256 mM), 2.2 ul
dNTPs (2 mM), 1 yl PVYPrimer1 (10 uM), 1 pl
PVYPrimer7 (10 uM), 1 pl PVYPrimer8 (10 pl),
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1 pl Tag DNA-Polymerase (5 U/ul), 12.85 pl H,O.
PCR was done in thermo cycler Auto-Q Server
(LKB, UK) with following programme: initial dena-
turation step 3 min 95 °C; five sycles 30 sec 92 °C,
30 sec 62 °C, 90 sec 72 °C; five sycles 30 sec
92 °C, 30 sec 60 °C, 90 sec 72 °C; five sycles 30
sec 92 °C, 30 sec 58 °C, 90 sec 72 °C, ten cycles
30 sec 92 °C, 30 sec 55 °C, 90 sec 72 °C; final
elongation 10 min 72 °C.

The PCR products were visualized by agarose
gel electrophoresis.

DNA fragments was separated on a 1% aga-
rose gel in TAE buffer with ethidium bromide (0.2
pg/ml) at 80 — 150 V for 1 h. Products were vi-
sualized on a transilluminator GenoPlex (VWR)
upon irradiation with UV light at a wavelength of
315 nm.

RESULTS AND DISCUSSION

We surveyed weeds in seed potatoes in the
region of Sofia to establish the prevalence of PVY
among them. Established necrotic isolate of PVY
caused peripheral systemic chlorosis in the upper
leaves and necrosis on the lower leaves of the
late-spring weed C. album (Figure 1).

Parasitic plant Cuscuta sp. of the same area
has been tested by DAS-ELISA for PVY and a
virus infection was not detected. By RT-PCR was
detected very low titer of PVY (Figure 6). Thus it
was shown that Cuscuta sp. is one of the virus
vectors.

On the leaves of X. strumarium we observed
symptoms of systemic infection — peripheral and
interveinal chlorosis, and later — necrosis (Figu-
re 2). The presence of PVY was confirmed by
RT-PCR assay (Figure 6), ELISA assay was with
negative results (Figure 5). On the leaves of A.
retroflexus we observed chlorotic, necrotic and
mosaic symptoms of PVY (Figures 3 and 4).

It has been found that C. album and X. stru-
marium were infected with the same strain of
PVY (Figure 6).

Fourteen weed species were identified in this
study, including 10 annuals (broadleaf weeds)
and 3 perennials. Almost 50 percent of all spe-
cies identified were members of the Asteraceae
and Solanaceae. C. album and X. strumarium
showed distinct symptoms of PVY infection from
A. retroflexus. A. retrofelxus showed small chlo-
rotic and necrotic spots and mosaic (Figure 3)
while C. album and X. strumarium had periphe-
ral chlorotic and necrotic leaf area (Figures 1



Fig. 1. PVY symptoms in C. album Fig. 2. Symptoms of PVY in X. strumarium

Fig. 3. Chlorotic, necrotic and mosaic symptoms of Fig. 4. Chlorotic symptoms of PVY in A. retroflexus
PVY in A. retroflexus
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Fig. 5. DAS-ELISA results for PVY infection in weed species

Legend: 1 - Solanum nigrum; 2 - Chenopodium album; 3 - Physalis floridana; 4 - Xanthium strumarium;

5 - Amaranthus retroflexus; 6 - Datura stramonium; 7 - Sonchus arvensis; 8 - Cirsium arvense; 9 - Convolvulus
arvensis; 10 - Anthemis arvensis; 11 - Sinapis arvensis; 12 - Polygonum convolvulus; 13 - Portulaca oleraceae;
14 - Cuscuta sp.; 15 - Solanum tuberosum cv. Mirabel; 16 - Positive control from kit; 17 - Negative control; 18 -
Negative control of buffer.

and 2). Only S. nigrum was symptomless from es known to infect potato. At least 5 species (C.
the infected weeds. C. album and S. nigrum are album, X. strumarium, S. nigrum, A. retroflexus,
well-known hosts for PVY (Shukla et al., 1994). and P. floridana) were susceptible to PVY (Figu-
Most of the 14 weed species are hosts of virus- res 5 and 6). Some of these species are hosts
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Fig. 6. Touch down RT-PCR for P1 gene region of PVY, 281 bp and 443 bp

Legend: 1 - M 100bp DNA ladder; 2 - 281 bp, PVY?° strain from P. floridana; 3 - 281 bp, PVY® strain from A. ret-
roflexus; 4 - 443 bp, PVY NNN strain from X. strumarium; 5 - 443 bp, PVY NNN strain from S. nigrum; 6 - 443 bp,
PVY NN strain from C. album; 7 - 443 bp, PVY VWN strain from Cuscuta sp.

for more than one virus. For example, C. album
is the host for PVY and ToMV (Petrov, unpub-
lished). Weeds bordering potato fields can act as
important reservoirs for PVY (Kaliciak and Syller,
2009). In Syria were found PVY isolates in S. ni-
grum and P. floridana in the field. Weed hosts
and tobacco plantations located in the neighbor-
hood are natural reservoirs of PVY (Chich Ali et
al., 2008). There is no latency period for acquisi-
tion and transmission of PVY (Bradley and Ride-
out, 1953). This means that the virus is carried
on the aphid’s mouthparts and is transmitted im-
mediately as it probes leaves (Bradley and Ride-
out, 1953) in search of a suitable host (Powell et
al., 2006). The most abundant hosts for PVY in
the landscape near potato fields were also likely
the most important sources for PVY.

CONCLUSIONS

Fourteen weed species were identified in potato
crops in the region of Sofia. Most of them were an-
nuals (broadleaf weeds). Five weed species spe-
cies - C. album, X. strumarium, S. nigrum, A. retro-
flexus, and P, floridana were reservoirs of PVY.
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lNneBenHu pesepBoapu Ha PVY B Bbnrapusa kKato OCHOBEH U3TOYHUK Ha 3abonsiBaHUA
no Kaprtodure

H. MetpoB*, M. BbnkoBa, I. BaeBa
WHecmumym no no4yeosHaHuUe, agpomexHoIoauU U 3awuma Ha pacmexusima ,H. lNywkapos”, Cogbus

Pestome

KapTtodeHuat supyc uncunoH (PVY) e Tunos npeacrtaesuten Ha pog Potyvirus, cem. Potyviridae. To
€ C Han-LUIMPOK Kpbl OT rocTonpMeMHmum B cemenctBoTo. VHekTupa 495 Bnga ot 72 poga n 36 6o-
TaHn4yeckn cemenctea. OCHOBHUAT KPblr OT €CTECTBEHM FOCTOMPUEMHULN € KOHLEHTPUPaH rmaBHo B 3
©oTtaHnueckn cemenctea — Solanaceae, Chenopodiaceae n Commelinaceae, cpefn KouTo kaptodu, ao-
MaTu 1 Nunep, KaTo Han-oTrnexaaHn KynTypHu Bugose. [NnesenuTe, KOUTO ca OTKPUTM U aHaNM3npaHu
B HacaxgaeHusiTa oT kapTodu ca: Chenopodium album, Solanum nigrum, Datura stramonium, Xanthium
strumarium, Capsella bursa-pastoris, Cirsium arvense, Convolvulus arvensis, Sonchus arvensis v gp.
Hsakomn oT Tax ca 6e3cMMnTOMHM pe3epBoapu Ha BUPYCU, OT KOUTO Ype3 BEKTOPU Ce pasnpocTpaHaBaT
BMPYCHUTE MHDEKLMN NO KYNTYPHUTE pacTeHUS.
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