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Introduction. Weeds as reservoirs for destructive plant pathogens have a significant impact on the viral
epidemiology, ecology and, as a result, on local economy, and are therefore being investigated in many
parts of the world. Thus, the aim of this study was to investigate virus occurrence in red dead-nettle plants
(Lamium purpureum L.) widespread in urban and field conditions throughout the in the Kyiv region of
Ukraine. Methods. Field crop observations, visual diagnosis, biological testing of the virus, immunoassay
(ELISA), polymerase chain reaction with reverse transcription (RT-PCR), sanger sequencing of partial
genome sequences of PVX, PVY, PVS, PVM. Results. The results obtained in the study indicate that
Lamium plants could be alternative weed hosts of number important viral diseases including potatoes
and other vegetables. Serological and molecular test results evidence plants were infected by Potato
virus X, Potato virus Y, Potato virus M, Potato virus S and therefore Lamium L. species can serve as a
potential source of inoculum for wide range of vegetables and ornamentals. This study is the first report
of Lamium plants being naturally infected with Potato virus M and Potato virus S in central Europe.
Conclusions. These plants are alternative host of mixed infection with viruses belonging to different
families: Alphaflexiviridae, Betaflexiviridae and Potyviridae.

Keywords: Lamium purpureum L., red dead-nettle, alternative hosts, Potato virus X, Potato virus Y,

Potato virus M, Potato virus S.

The fact that weeds as well as generally of the
wild plants can be alternative hosts and sources
of important plant viruses have been known since
the beginning of plant virology [1]. Since the new
possibilities of metagenomic analysis, it became
clear that the variety of viruses in natural settings
is much greater than in cultivated plants, and the
role of wild plants in the evolution and ecology
of viruses are much underestimated. One of the
alternative hosts of these economically important
viruses can be plants of the Lamium species.

Lamium L. (dead-nettle) is a genus of herbaceous
plants comprising approximately 40 species native
to Europe, Asia, and North Africa [2]. They are
mostly annual or perennial plants that often cover
roadsides, debris, ditches and grow in the forests
and shrubs, as weeds in gardens and orchards.
The plants are widespread in Ukraine, except the
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southern steppe. The most distributed lamium
species is white deaf-nettle (Lamium album L.) —
popular honey and medicinal plant. Another fairly
common plant is Lamium purpureum L. (red dead-
nettle). In addition, five other species of this genus
are common in Ukraine: Lamium amplexicaule
L., Lamium galeobdolon L., Lamium orvala L.
and Lamium maculatum L. Lamium glaberrimum
(K. Koch) Taliev growing in Crimea, belongs to
the endangered species and listed in the Red Book
of Ukraine in the status of «rare». In addition to
the listed species, many varieties are cultivated
in Ukraine as excellent ground cover plants and,
together with wild species, for decorative purposes.
For understanding the range of viruses that can
infect these plants we have analyzed the scientific
literature relevant up to date. Five Lamium spe-
cies, possible reservoirs for viruses belonging to
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Bromoviridae, Caulimoviridae, Geminiviridae,
Tospoviridae, Potyviridae, Alphaflexiviridae and
Secoviridae families (Table 1) has been found.

Having analyzed the range of viruses naturally
infecting Lamium plants, we focused mainly on the
viruses of vegetable crops widespread in Ukraine,
in particular on AMV, CMV, TuMV, TSWV, WMV,
PVX and PVY. So, the aim of the study was to
determine the involvement of the above-mentioned
viruses in the infection of red dead-nettle (Lamium
purpureum L.) under natural conditions of Kyiv
region of Ukraine and to identify the causative
agents of infection of these weeds.

Methods

Sample collection. Plant sampling was
conducted during summer and autumn seasons of
2020 and 2021 years. Samples exhibiting suggestive
symptoms of viral infection were collected from
the urban environment of Kyiv and in the vicinity
of potato fields of Kyiv regions. Leaves from
symptomatic Lamium plants were analyzed by
enzyme-linked-immunosorbent assay (ELISA) or
reverse transcription polymerase chain reaction
(RT-PCR). By these methods the samples were
tested for the presence of Cucumber mosaic virus
(CMV), Tomato spotted wilt virus (TSWV), Potato
virus X (PVX), Potato virus Y (PVY), Potato virus
M (PVM), Potato virus S (PVS), Potato virus A
(PVA) and Alfalfa mosaic virus (AMV).

DAS-ELISA testing. Serological identi-
fication of the viruses was performed using

commercial ELISA kits (LOEWE Biochemica
GmbH, Sauerlach, Germany) according to the
manufacturer’s guidelines. Absorbance values
were measured at 405 nm with a microplate reader
(Dynatech ELISA reader, USA). A result was
considered positive if the OD value was > 0.2.

RT-PCR. Plant specimens of Lamium pur-
pureum collected for virus detection and iden-
tification as well as indicator plants were tested
by RT-PCR for the presence of PVX, PVY, PVM,
PVS, PVA and AMV. Total RNA was extracted
from 0.5 g of leaf tissue by a previously reported
method [3]. The RT was performed using Reverta
kits (AmpliSens), according to the manufacturer’s
instruction.

The primer pairs for viruses detecting were
designed from representative virus genome
sequences deposited in the National Center for
Biotechnology Information (NCBI) using Primer
Express (Applied Biosystems) software. Primers
amplify the partial coat protein (CP) gene were
used for both amplification and sequencing [4, 5].

For PCR, 2 pL of the template genomic DNA
was amplified in a 25-pL of total volume containing
1 x reaction buffer, 5 pmol of each primer, 0.3
mM dNTPs, 1.25 U of TagDNA polymerase and
nuclease-free water.

Reactions were performed under the following
conditions: 3 min denaturation at 95 °C, thermal
cycling for 35 cycles (1 min at 94 °C, 1 min at
60 °C and 1 min 30 s at 72 °C), ending with the
final extension at 72 °C for 5 min. PCR products

Table 1
Plant viruses naturally infected Lamium species
Lamium species Virus References
Lamium maculatum Cucumber mosaic virus (CMV), Bromoviridae [24]
Lamium leaf distortion associated virus (LLDAV), Caulimoviridae [37]
Alfalfa mosaic virus (AMV), Bromoviridae; Turnip mosaic
virus (TuMV), Potyviridae; Watermelon mosaic virus (WMV), [38]
Lamium amplexicaule Potyviridae;, Cucumber mosaic virus (CMV), Bromoviridae
Tomato yellow leaf curl virus (TYLCV), Geminiviridae [29]
Tomato spotted wilt virus (TSWV), Tospoviridae [26, 28, 34]
Melon yellow spot virus (MYSV), Tospoviridae [36]
Potato virus Y (PVY), Potyviridae [17]
Potato virus Y (PVY), Potyviridae [16]
Lamium purpureum Potato virus X (PVX), Alphaflexiviridae [18]
Lamium purpureum, Cucumber mosaic virus (CMV), Bromoviridae [35, 38]
. . Tomato spotted wilt virus (TSWV), Tospoviridae [25,32]
var. hybridum (Vill.) - —
Beet yellow virus (BYV), Closteroviridae [27]
Tobacco mosaic virus (TMV), Virgaviridae [27]
Lamium album Lamium mild mosaic virus (LMMYV), Secoviridae [30, 33]
Lamium orvala Lamium mild mosaic virus (LMMV), Secoviridae [30, 31]
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of amplification were visualized in 1.5 % agarose
gels with TBE buffer and ethidium bromide
(0.5 mg mL™).

Biological assays. Plants of Lamium maculatum
(cv Pink Pewter) Chenopodium amaranticolor,
Chenopodium album, Gomphrena globosa,
Datura metel, Datura stramonium, Capsicum
annuum (cv Obriy), Solanum lycopersicum,
Nicotiana tabacum (var. Trapezond 92), Solanum
tuberosum (cv Bellarosa), Solanum nigrum for
bioassay were maintained in greenhouse at 22—
26 °C and used for mechanical inoculation. In
all, 10 plants of each indicator plant species were
tested. Carborundum-dusted leaves of healthy
indicator plants were rubinoculated using crude sap
extracts of infected leaf tissue prepared in 0.01M
phosphate buffer (pH 7.4). Both inoculated and
mock-treated (control) plants were tested by PCR
5 weeks post-inoculation.

Transmission electron microscopy (TEM).
Clarified crude leaf extracts from infected plants
were tested by TEM (JEM 1400, JEOL Ltd., Japan).
Carbon coated formvar grids after adsorption of
virus particles and water washing were stained with
either 1% uranyl acetate [6].

Sequence analysis. The amplified DNAs were
sequenced by Sanger dideoxy sequencing method
using the BigDye Terminator Cycle Sequencing
Kit (Applied Biosystems, USA). The samples
were run on the ABI Prism 3130 Genetic Analyzer
(Applied Biosystems, USA). Obtained sequences
were compared with those available in GeneBank
using the BLAST, CLUSTALW and MEGA-X
softwares. Sequence photograms were constructed
by Neighbor-Joining method [7] and Jukes-Cantor
model [8] using MEGA-X in a bootstrap test with
1000 replicates.

Results. During 2020-2021 in central region
of Ukraine a survey with aim to find out what
natural weeds or wild plants can act as natural
virus reservoirs for transmission by vectors was
carried out. Lamium purpureum L. plants growing
in the urban environment and in natural ecosystems
(nearby potato plantations) with characteristic
symptoms of the disease were collected for
laboratory plant virus detection. Plants selected
for analysis from different locations of the Kyiv
region differed in the symptoms they produced.
Thus, plants growing near farmlands showed
symptoms of mosaic, discoloration, chlorosis of
leaf blade, vein yellowing (the leaves were smooth,
not deformed) and growth reduction (Fig. la)
whereas plants from urban environment exhibited
leaf blade deformations of varying severity, mosaic
symptoms and chlorosis of the leaves accompanied
by purple leaf spotting (Fig. 1b). Diseased plants
were not stunted, but had a slight shortening of the
internodes.

By the results of DAS-ELISA testing Cucumber
mosaic virus and Tomato spotted wilt virus were
not detected in all samples taken from the Lamium
purpureum. At the same time, the RT-PCR detection
results showed that Lamium purpureum growing in
natural settings are co-infected with PVM, PVS,
PVX and PVY viruses whereas no PVY was
detected in plants growing in urban environment
(Fig. 2). The expected sizes of amplifying DNA
fragments were: for PVX — 411-base pair (bp), for
PVY — 365 bp, for PVM and PVS — 276 bp and
213 bp, respectively. PCR amplification products
were not observed from all the infected samples
tested using specific primers for PVA and AMV
(the data is not presented).

Fig. 1. Symptoms of virus infection in Lamium purpureum growing in natural settings (a)
and urban environment (b); ¢ — healthy plants
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Host reactions. The inoculated Gomphrena
globosa, Capsicum annum, Datura metel and
Chenopodium amaranticolor plants displayed
symptoms which could suggest infection with
PVX and PVY. None of the Lamium maculatum
(cv Pink Pewter) plants showed any symptoms of
virus infection. Unfortunately, no symptoms typical
for PVM and PVS viruses developed in test plants
up to 12 weeks post inoculation were observed,
and the viruses were not detected by RT-PCR in
these plants that can be explained by the rather low
concentration of these viruses in the inoculum.

Potato plants reacted to artificial inoculation
with a virus-containing extract by appearance of
brown or black (necrotic) line patterns on veins
and in the corners between them, mainly on
the underside. Necrotic lesions on leaves firstly
appeared on inoculated lower leaves, then — on the
apical ones. Over time, dark brown spots spread to
petioles and stems and by the end of the growing
season almost all the leaves were drying up. Since

infection of PVM and PVS is usually asymptomatic
and PVX cause a mild mosaic with slight leaf
crinkling or produce no visible symptoms it is clear
that symptoms expressed are affected by mixed
infections or are determined by the PVY strain and
the potato variety [9—-11].

As have been previously reported plants positive
for PVY or PVM antigens exhibit a wide range of
symptoms: mosaic pattern, stunted growth, yellow
spots, veinclearing, and leaf distortion symptoms
on Solanum nigrum (black nightshade) plants
[12—14]. According to our observations, the above-
mentioned symptoms on virus-infected black
nightshade plants did not appear, whereas plants
exhibited foliar symptoms like chlorosis and purple
vein coloring on inoculated leaf.

Electron microscopy. Flexuous particles with a
size of approximate 550 (Fig. 4a) and 1400 nm (two
adjacent virion aggregates end-to-end) (Fig. 4b)
were observed by transmission electron microscopy
in negatively stained partially purified leaf tissue

Fig. 2. RT-PCR detection of PVM, PVS, PVX and PVY viruses in Lamium purpureum growing in
natural settings (1-4) and urban environment (5-8): Lane 1, 5 — PVM; Lane 2, 6 — PVS; Lane 3,
7—-PVX; Lane 4 — PVY; M — 100 kb Plus DNA ladder (Invitrogen)

Fig. 3. Solanum tuberosum showing viral symptoms (necrotic lesions, mottling and veinal necrosis)
after artificial inoculation with sap extracts of infected red dead-nettle
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Fig. 4. PVX (a) and PVY (b) virions negatively stained with uranile acetate. Scale bar represents
100 (a) or 200 (b) nm

extracts from symptomatic Lamium purpureum
plants. Morphology of these virus particles is
similar to the viruses in the genus Carlavirus (a),
Potyvirus (b) and Potexvirus (c). There were no
particles in preparations from asymptomatic plants.

Phylogenetic relationships of PVS, PVM,
PVX and PVY isolates. To determine the genetic
relationships among isolates obtained in the study
of phylogenetic trees have been constructed on
the base of partial CP nucleotide sequences for
each virus isolate, respectively. In phylogenetic
tree PVM Lp isolate fell into one group with
GQ496609, LC511897, DQ883806 and was
closely related to a M34 isolate of India (GenBank
accession no. KF471070) (Fig. 5a). The similarity
in the identities of the PVM Lp and Ukrainian
isolate «Chernigov 06» (GenBank accession no.
DQ883806) was amounted to 96.2 %.

BLAST search against the complete nucleotide
collection at GenBank revealed that PVS Lp is
closely related to the Os-11-PVS, Hamedan4
potato isolates from Iran (GenBank accession
no. KY523842, LN794162, respectively) and 18-
1146, 18-1133 potato isolates from South Africa
(GenBank accession no. LN794162, MN689455,
respectively) (Fig. 5b). Phylogenetic analysis
showed that PVS from this study clustered with
PVS163 isolate of Bangladesh (GenBank accession
no. MF503889). The similarity in the identities of
the PVS Lp and Ukrainian PVS isolates (LN851194
and LN851192, LN851193) was about 94.1 %,
whereas to the isolate of Bangladesh the identity
was almost 96 %.

PVX was closely related to Ica027-3 isolate
of Peru (GenBank accession no. MT752763) and
Potato virus X isolate Chernigov 06, isolated from
potato plants cultivated in Ukraine [15] (GenBank
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accession no. EF043534) (Fig. 6a). The nucleotide
sequence identity among Ukrainian isolates
obtained in 2006 and 2020 was more than 96 %.
The obtained results give reason to believe that the
PVX isolate affecting potato crops for more than
15 years circulates in the agro-ecosystem in both
cultivated potato plants and wild flora.

Based on the partial genome sequence of PVY
Lp and the NCBI database, the BLAST results
revealed that PVY Lp has the highest homology
(99.1 %) with PVY 2C15-6 (GenBank accession
no. MN414581) obtained from France, Egyptian
isolate p14 (GenBank accession no. MN370455)
and Ireland PVY P221b (GenBank accession no.
MT264737) (Fig. 6b). PVY Lp formed a distinct
viral cluster with these viruses what confirms its
close relationship with isolates identified in potato
crops.

Discussion. To date, there are only a few
reports on the possibility of dead-nettles to be a
host for PVY [16, 17] and PVX [18]. These studies
concerned with single virus infection and nothing is
reported about the possibility of a mixed infection
in Lamium sp. plants. The results obtained in the our
current study showed that, the Lamium purpureum
L. as a type species of Lamium (dead-nettles) genus
are alternative host of mixed infection with viruses
belonging to different families Alphaflexiviridae,
Betaflexiviridae and Potyviridae. It was previously
indicated that the plants after inoculation with
PVY or PVX remained asymptomatic or showed
various systemic symptoms (there is no precise
description of the symptoms in the articles) [16—
18]. Therefore, it is difficult to draw conclusions
about whether the observed in our study symptoms
are caused by an individual viral species or are
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outcomes of interactions between causative viral
agents. However, there is evidence of multiple
infections of potato with PVX, PVY, PVS, PVM,
PVA and Potato leaf roll virus (PLRV), where
PVY, PVS and PVX in mixed infections were
the most prevalent [19]. It was also reported that
mixed infections involving three or even four
viruses were detected in 5 % of the potato plants
[20]. According to some date, co-infection with
several viruses suggests a synergistic interaction
and increase disease epidemics as compared to
single infection [21]. Although available data are
scarce to properly address whether single or mixed
infection is causing the symptoms we detected, it
is quite clear that each «competitor» benefits from
such virus—virus interactions.

Lamium purpureum observed in our study can
serve as reservoirs of the complexs potato viruses
and play a role as primary sources of infection for
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vector transmission. Natural vectors of the PVY
can be 30 species of aphids, for nine of which
(Aphis fabae, Aphis gossypii, Brachycaudus lamii,
Cryptomyzus ballotae, Cryptomyzus galeopsidis,
Macrosiphum euphorbiae, Rhopalosiphoninus
latysiphon, Myzus ornatus, Myzus persicae) the
Lamium species are the hosts. Four of the currently
known vectors of potato virus A — Aulacorthum
solani, Aphis fabae, Aphis frangulae, Macrosiphum
euphorbiae colonize dead-nettles [21, 22].
Noncolonizing aphids have been reported to vector
PVY and PVA with variable efficiency to a large
number of solanaceous and non-solanaceous plant
species including weeds and ornamentals [23].
Thus, plants, growing among crops and being
infected with these viruses, can act as a source of
viral infection for neighboring crops. These results
must be taken into account when developing
virus control strategies, especially because of the
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Fig. 5. Phylogenetic analysis of Potato virus M (a) and Potato virus S (b) detected from
Lamium sp. based on the coat protein gene sequences (nt) of different selected isolates from
the NCBI database. The phylogenetic tree was generated by MEGAX using neighbor-joining
method with 1000 bootstrap replicates
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Fig. 6. Phylogenetic analysis of Potato virus X (a) and Potato virus Y (b) detected from Lamium
sp. based on the coat protein gene sequences (nt) of different selected isolates from the NCBI
database. The phylogenetic tree was generated by MEGAX using neighbor-joining method with
1000 bootstrap replicates

important role of these hosts in providing sources
of viruses for aphid vectors. In addition, the data
of this study can be used in genetic studies of the
relationship of viruses of different taxa in one plant.
The complexity of the issue conditioned by lacking
of sufficient data about crop-infecting viruses
undergoing recombination in wild native plants
and the possible changing of virus pathogenic
properties under the multiple co-infection.
Mechanisms of plant resistance, which in the study
are obviously different from the phenomena of
antagonism between viruses or their interference,
are incomprehensible. Also, it is poorly understood
what risks of such co-infection exist for cultivated
Solanaceae species often grow side by side in the
same ecosystem with weeds. All these questions
are subject for further study and explanation.
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To the best of our knowledge, this is the first
report of Lamium plants being naturally infected
with Potato virus M and Potato virus S in Ukraine
and central Europe. The primers developed by us
for the PVX, PVY, PVS and PVM detection and
used in the study can be recommended for the rapid
screening of potato tubers and the virus diagnostics.
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Pesrome

Beryn. Byp’stHE sik pe3epBaTopH MaToOTeHIB, IO
3ryOHO BIUIMBAIOTh HA POCIUHHUNA OpraHi3M i 3Ha4HO
MOTIPIIYIOTh KUIBKICTh Ta SKICTh BPOXKar, MAalOTh
3HAUHWH BIUIMB Ha EIiIEMIONIOTiI0 Ta eKOJIOTiI0 Bipy-
CiB i, SIK HAaCJIiZIOK, Ha MicIIeBY eKOHOMIKY. Tomy BoHI
JOCIIDKYIOTBCS y 0arathoxX yacTHHaX cBity. MeTolo
JnaHoi poOoTH OyJ0 AOCTITUTH MOIIUPEHHS BIpYCiB
y POCIIMHAX TIIyX0i1 KPOIUBH MypIypoBoi (Lamium
purpureum L.), IIUPOKO PO3MOBCIOHKEHOI Y MICBKUX
Ta MoJIbOBUX yMoBax KuiBcwkoi oOmacti. Metoam.
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[TonpoBi AOCIIPKEHHS, Bi3yallbHa JIIarHOCTHKA, 010-
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