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FIRST REPORT OF CUCUMBER
MOSAIC VIRUS NATURAL INFECTION
IN EUPHORBIA EPITHYMOIDES IN UKRAINE

Ornamental plants grown in urban and peri-urban environments may act as persistent CMV reservoirs, facilitating
virus maintenance and spillover into nearby agricultural crops. Although Cucumber mosaic virus (CMV) is known
to infect a wide range of ornamental plants, including species of Euphorbia, its occurrence in Euphorbia epithymoides
has not previously been documented in Ukraine. In June 2021, cushion spurge plants (Euphorbia epithymoides L.)
exhibiting virus-like ringspot symptoms were spotted in Kyiv, Ukraine. This study aimed to identify potential virus
agents damaging Euphorbia plants using serological and molecular methods. Methods. Symptomatic and healthy
plants were tested for multiple viruses using ELISA, followed by RT-PCR and sequencing. Phylogenetic analysis was
conducted to determine the genetic relationship of the detected virus. Results. CMV was serologically identified in 7
of 9 symptomatic plants, and confirmed via RT-PCR and sequencing. To rule out mixed infections, the samples were
also tested for 73 potyviruses, as well as for tobacco mosaic virus, tomato mosaic virus, tobacco rattle virus, alfalfa
mosaic virus, arabis mosaic virus, tomato spotted wilt virus, impatiens necrotic spot virus, and tobacco ringspot
virus. Apart from CMYV, no other tested viruses were detected. Phylogenetic analysis revealed that the CMV isolate
belongs to subgroup II, with 98.72% nucleotide identity to isolates from Slovakia, Greece, and Japan. Conclusions.
This study is the first report on natural infection of E. epithymoides by CMV, expanding knowledge of the virus’s host
range and genetic diversity.
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The genus Euphorbia is the largest and type ge-
nus of the family Euphorbiaceae, encompassing
mainly annual and perennial herbs and shrubs.
Members of this genus are widespread, espe-
cially in hot subtropical regions, and are typi-
cal xerophytes, capable of enduring prolonged
drought. Euphorbia species are increasingly
found in public green spaces in Ukraine. They
may potentially serve as alternative host plants
and reservoirs for viruses, also acting as poten-
tial sources of virus inoculum for vectors. Re-
search on viral diseases in Euphorbia species is
rather limited, with information available on
infections for only a few species. For instance,
E. heterophylla has been identified as a host for
euphorbia mosaic virus (EuMV, Begomovirus,
Geminiviridae) (CABI, 2023a; Collins et al.,
2009), euphorbia yellow mosaic virus (EuYMYV,
Begomovirus, Geminiviridae) (Fernandes et al.,
2011), yam mosaic virus (YMV, Potyvirus, Poty-
viridae), and cucumber mosaic virus (CMV, Cu-
cumovirus, Bromoviridae) (Asala et al., 2014). E.
hirta plants have also been reported to be in-
tfected by CMV (CABI, 2023b). E. pulcherrima
plants have been identified as a host for euphor-
bia leaf curl virus (EuLCV, Begomovirus, Gemi-
niviridae) (Kil et al., 2016), poinsettia mosaic
virus (PnMYV, Tymovirus, Tymoviridae) (Jacobo-
Villegas et al., 2020), and poinsettia latent virus
(PnLV, Polemovirus, Solemoviridae) (aus dem
Siepen et al., 2005). E. milii plants have been
reported to be infected by euphorbia ringspot
virus (EuRSV, Potyvirus, Potyviridae) (Bode &
Losemann, 1976; Knierim et al., 2017).

During the inspection of public green spac-
es in the city of Kyiv, we found E. epithymoides
plants with ringspot symptoms. Given the range
of viruses described in various Euphorbia species
and the prevalence of CMV in Ukraine across
plants from different families, including Amaryl-
lidaceae, Asteraceae, Brassicaceae, Cucurbitaceae,
Solanaceae, and Iridaceae (Taher et al., 2024;
Mishchenko et al., 2021; Dunich et al., 2022;
Kyrychenko et al., 2022; Shevchenko et al., 2015;
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Sovinska et al., 2021), we deemed it necessary
to survey Euphorbia plants for viral infections,
especially for cucumber mosaic virus and some
other viruses prevalent in Ukraine.

The aim of this study was to identify poten-
tial virus reservoirs among Euphorbia plants
using complementary serological and molecu-
lar methods.

Materials and Methods. Sample Collection.
In 2021, during a survey of public green spaces
in Kyiv, Ukraine, we observed cushion spurge
plants (E. epithymoides L.) displaying virus-like
ringspot symptoms. In total, 9 symptomatic plant
samples were collected from 3 green areas, to-
gether with samples from asymptomatic plants.

ACP- and DAS-ELISA Testing. Every sam-
pled plant was treated as a separate sample used
to collect tissue parts which were subsequently
homogenized in the respective buffered solution,
supplied with the ELISA Kkit, at 1:20 (m/v) ratio
and centrifuged at 5000 rpm to remove unwant-
ed tissue remains in line with the manufacturers’
manuals (https://www.dsmz.de/fileadmin/_mi-
grated/content_uploads/ACP-ELISA.pdf; http://
wordpress-loewe.p644446.webspaceconfig.de/
wp-content/uploads/2022/12/ELISA-Standard-
DAS-Rev.-01.03.2021.pdf).

Collected samples were tested for potyviruses
using ACP-ELISA with broad-spectrum mono-
clonal antibodies DSMZ-RT-0573/1 against
73potyviruses (DSMZ, Germany). For serologi-
cal identification of tobacco mosaic virus, to-
mato mosaic virus, tobacco rattle virus, alfalfa
mosaic virus, arabis mosaic virus, tomato spot-
ted wilt virus, impatiens necrotic spot virus, and
tobacco ringspot virus, commercial DAS-ELISA
kits (Loewe Biochemica GmbH, Germany) were
used according to the standard methodology and
manufacturer’s recommendations. Absorbance
values were measured at 405 nm using an Op-
sys MR microplate reader (Thermo Fisher Sci-
entific, USA) with Dynex Revelation Quicklink
software. Samples were considered positive only
if the absorbance value exceeded three times that
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of the negative control. Such samples were sub-
sequently used for molecular analyses.

RNA Isolation and RT-PCR. Total RNA was
extracted from 0.1 g of symptomatic and ELISA-
negative leaf tissues using the GeneJET Plant RNA
purification kit (Thermo Scientific, USA), fol-
lowing the manufacturer’s instructions. RT-PCR
was conducted in two stages. Reverse transcrip-
tion was performed using RevertAid H Minus
Reverse Transcriptase (Thermo Scientific, USA)
with a 10 mM dNTP mix (Thermo Scientific,
USA). The resulting cDNA was amplified using
CMV-specific primers CMV{/CMVr (5-TAT-
GATAAGAAGCTTGTTTCGCGCA-3; 5-TTT-
TAGCCGTAAGCTGGATGGACAACCC-3)
(Bariana et al., 1994), producing a 500 bp frag-
ment of the coat protein gene. PCR was per-
formed using DreamTaq Green PCR Master Mix
(2X) (Thermo Scientific, USA) according to the
manufacturer’s instructions. The thermal cycling
profile included an initial denaturation at 94 °C
for 5 min, followed by 35 cycles of 1 min at 95 °C,
30 sec at 55 °C annealing temperature, 1 min at
72°C, and a final extension at 72 °C for 10 min.
PCR products were visualized on a 1.5% agarose
(CSL-AGS5; Cleaver Scientific, UK) gel with TBE
buffer and ethidium bromide (0.5 mg/mL).

Sequence Analysis. The amplified DNAs were
Sanger-sequenced using the BigDye Termina-
tor Cycle Sequencing Kit (Applied Biosystems,
USA). Samples were run on the ABI Prism 3130
Genetic Analyzer (Applied Biosystems, USA).
Obtained sequences were aligned and compared
to CMV sequences available in the GenBank
database using BLASTn (http://blast.ncbi.nlm.
nih.gov/Blast.cgi). Phylogenetic analysis was
conducted in MEGA11 (Kumar et al.,, 2016) us-
ing the Maximum Likelihood method based on
the Kimura 2-parameter model (Kimura et al.,
1980). Branch support was evaluated by boot-
strap analysis based on 1000 pseudoreplicates.

Statistical Analysis. Three technical repeats
were conducted for each biological repeat. The
technical repeats’ data were averaged to get the
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Fig. 1. Virus-like ringspot symptoms on Euphorbia epi-
thymoides plants

mean value for each biological repeat. Data pro-
cessing was performed using Microsoft Office
Excel v.14.7.3 (Microsoft, Redmond, WA, USA).
For phylogenetic analysis, the in-built algo-
rithms of MEGA 11 software were used.

Results and Discussion. Serological Detec-
tion of Viruses. In 2021, during a survey of public
green spaces in Kyiv, Ukraine, we identified cush-
ion spurge plants (Euphorbia epithymoides L.)
displaying virus-like ringspot symptoms (Fig. 1).
In total, 9 symptomatic plant samples were col-
lected from 3 green areas, together with samples
from asymptomatic plants. Testing of collected
samples using commercial ELISA kits revealed
the presence of CMV at high concentration, with
an optical density ranging from 0.637 + 0.007 to
0.493 £ 0.003; whereas the absorbance value of
the negative control was as low as 0.024+0.001.
Of the 9 symptomatic plant samples, 7 were
CMV-positive (~78% disease incidence rate).

To rule out mixed infections, the samples were
also tested for 73 potyviruses using the ACP-
ELISA Kkit, as well as for other viruses. includ-
ing tobacco mosaic virus, tomato mosaic virus,
tobacco rattle virus, alfalfa mosaic virus, arabis
mosaic virus, tomato spotted wilt virus, impa-
tiens necrotic spot virus, and tobacco ringspot
virus. Apart from CMYV, no other viruses were
detected in the collected symptomatic plants.
Also, no viral infection was detected in asymp-
tomatic E. epithymoides plants using either DAS-
ELISA or ACP-ELISA methods.

RT-PCR, Sequencing, and Phylogenetic Ana-
lysis. To confirm the DAS-ELISA results, 4 symp-
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Fig. 2. Phylogenetic relationships between Ukrainian CMV-Eep isolate and selected glob-
al CMV isolates using the maximum likelihood method with 1,000 bootstrap replicates.
Bootstrap values higher than 50 are shown. The CMV-Eep isolate recovered in this study
is marked with a circle, while previously reported CMV isolates from other Euphorbiaceae
species are indicated with triangles. Peanut stunt virus ER RNA3 sequence (U15730.1) was
used as an outgroup
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tomatic samples with the highest CMV content
were then subjected to RT-PCR using CMV-spe-
cific primers (CMVf/CMVr) (Bariana et al., 1994),
resulting in amplification of the expected 500 bp
coat protein gene fragment. One of the amplicons
was then sequenced, and the obtained partial
sequence of the CP gene of the CMV isolate in-
fecting E. epithymoides (designated as CMV-Eep)
was deposited in the GenBank (accession number
PV591082). BLAST analysis showed its 98.72%
identity with isolates MN792886 (Papaver som-
niferum, Slovakia), MZ298674 and MZ298673
(Solanum lycopersicum, Slovakia), ONO013912
(S. lycopersicum, Greece), and AB006813 (Capsi-
cum annuum, Japan).

Phylogenetic analysis of 37 CMV isolates was
carried out, focusing on those recovered from
Euphorbiaceae species available in the GenBank,
the closest matches according to BLAST, as well
as previously described Ukrainian isolates from
different host plants. The results indicated that
the Ukrainian CMV-Eep isolate belongs to sub-
group II, while the other known isolates from Eu-
phorbiaceae plants formed a distinct group with-
in subgroup I (Fig. 2). Thus, CMV isolates from
both subgroups may infect Euphorbiaceae plants.

Interestingly, the CMV-Eep isolate from E.
epithymoides clustered within the same subgroup
as several previously described Ukrainian CMV
isolates, despite being collected from geographi-
cally distinct regions. These included CMV-Ap
(MZ540213) from Alliaria petiolata (Kyrychenko
et al.,, 2022), CMV-BurdKv-21 (OL555721) from
Arctium lappa collected in the Kyiv region, CMV-
Burd-MP-21 (OL555722) from A. lappa collected
in the Poltava region (Dunich et al., 2022), and
CMV-Sil (0Q388340) from Silene latifolia col-
lected in the Vinnytsia region. This indicates that,
despite the spatial distance between sampling
sites and diverse hosts (some of which have been
reported as hosts for the first time), these Ukrai-
nian isolates are phylogenetically related.

It is worth noting that the majority of studied
Ukrainian CMV isolates recovered from culti-
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vated plants (vegetables and ornamentals) belong
to subgroup I, including MK299208, KT199740,
MW847709, MW 847710, KJ921838, KT199741,
MK299206, MK299207, MT978189, OL505434,
OL505435, and KJ921837. This suggests a poten-
tial dominance of subgroup I isolates in Ukraine,
with a tendency to infect cultivated flora, where-
as subgroup Il isolates are mostly associated with
wild plant species (and therefore may be severely
understudied in general).

At the same time, the high sequence iden-
tity and close phylogenetic relationship of the
Ukrainian isolate CMV-Eep to Slovak isolates
MN792886 (from Papaver somniferum) and
MZ298673, MZ298674 (both from Solanum ly-
copersicum) may indicate a shared evolutionary
history, likely reflecting the geographic proximity
and shared the border between the two countries.

Our study documents first confirmed natural
infection of Euphorbia epithymoides with CMV,
expanding the known host range of this econom-
ically important pathogen, which infects more
than 1,200 plant species worldwide. The use of
ELISA screening followed by RT-PCR confirma-
tion enabled the reliable detection of CMV in
symptomatic E. epithymoides plants. Subsequent
phylogenetic analysis of the coat protein gene
revealed that the Ukrainian isolate belongs to
CMYV subgroup II — a lineage reported to ex-
hibit greater genetic stability compared to sub-
group I strains.

The isolate showed high genetic similarity
(98.72% nucleotide identity) to CMV isolates
reported from Slovakia, Greece, and Japan,
strongly suggesting that this particular lineage
has achieved wide geographic distribution,
most likely through international movement
of infected ornamental plants or aphid vectors
capable of long-distance transmission (Jones &
Naidu, 2019).

Our results support the growing body of evi-
dence that CMV is continuously circulating in
mixed plant communities, facilitated by a com-
bination of a broad host range, efficient aphid-

ISSN 1028-0987. Microbiological Journal. 2026. (2)



First Report of Cucumber Mosaic Virus Natural Infection in Euphorbia epithymoides in Ukraine

mediated transmission, and human-mediated
dissemination. This underscores the need for
expanded monitoring of ornamental and wild
plant species near cultivation sites to better un-
derstand their role in CMV epidemiology and
the potential risk of spillover into crop plants.

To our knowledge, this study is the first report
on natural infection of E. epithymoides by CMV
worldwide.

Conclusions. This study presents the first re-
port on natural infection of Euphorbia epithymoi-
des by CMV, a harmful and widespread pathogen
endangering profitable cultivation of many crops
worldwide. Serological testing confirmed the
presence of CMV in symptomatic plants at high
concentration, with no virus infections detected
in asymptomatic samples. Molecular analysis via
RT-PCR and sequencing validated the ELISA
findings and revealed that the Ukrainian CMV-
Eep isolate belonged to subgroup II and was dis-
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[EPIIE TTOBITOMJIEHHS TTPO BIPYC OTTPKOBOT MO3ATKI
HA EUPHORBIA EPITHYMOIDES B YKPATHI

JlekopaTuBHi pOCTMHY B MiCbKMX i IPMMIiCbKMX YMOBaX MOXKYTb CIyTYBaTH CTiIKUMU pe3epByapaMu IjiA Bipycy
oripkosoi Mo3aiky (Cucumber mosaic virus, CMV), cnpusioun OifTpUMaHHIO IMPKYIALil Bipycy Ta J0Oro momm-
PEHHIO Ha CiIbCbKOTOCTIOfapchbKi Kynbrypu. Xoua CMV BioMmit 30aTHICTIO ypaXKaTy IIMPOKWI CIEKTP HeKopa-
TMBHMX POC/INH, 30KpeMa Bunu pony Euphorbia, itoro naaBHicTb y Euphorbia epithymoides ne 6yna paniie 3azo-
KyMeHTOBaHa B YKpaini. ¥ 4epBHi 2021 poky B Kuesi, YkpaiHi, Ha pocinHax Monodato Kunapucosoro (Euphorbia
epithymoides L.) 6y10 BUsBIEHO CUMIITOMM, ITOAIOHI KO BipyCHOI Ki/blieBOI MIsAMMUCTOCTL. MeTOX0 JOCTiKeHHs
Oy/10 BUABUTY MIOTEHILiHI pe3epByapu Bipycy cepen pociut pony Euphorbia i3 3acTOCYBaHHAM CepOIOTiYHMX Ta
MOJIEKYIAPHUX MeTofiB. MeTomu. CMMITOMAaTUYHi Ta 3M0POBi POCIMHM TeCTYBa/IM Ha HasABHICTb Ki/IbKOX BipycCiB
3a gonomoroo IPA, a Takox meromom IIIP 3i 3BopotHOI0 TpancKpumiieto (3T-ITJIP) Ta nopanpuiuM ceKBeHy-
BaHHAM. 1lo6 BuxIIOuNTYN 3MimaHi iHdekwii, 3paskyu Oy mporecToBaHi Ha 73 MOTIiBipycax, a TaKOX Ha Bipyc
TIOTIOHOBOI MO3aiKM, BipyC MO3aiK1i TOMaTiB, BipyC IIOTPiMKOBOCTI TIOTIOHY, BipyC MO3aiKl TIOL€PHM, BipyC MO3aiKn
pe3yxi, Bipyc IVIAMICTOrO B’ SHEHHS TOMATiB, Bipyc HEKPOTMYHOI IVIAMUCTOCTI 6a/nb3aMiHy Ta Bipyc KinbIieBol
ILIMUCTOCTI TIOTIOHY. OKpiM, iHIIMX IPOTeCTOBaHMX BIpYCiB BUsABIEHO He Oy/0. /sl BUSHAUEHHs IeHeTUYHOI
CIIOpifHEHOCTI BUSBIEHOTO Bipycy 6yo nmpoBeneHo dinoreHeTnyHuit ananis. Pesynsratn. CMV BusiBieHo B7 3 9
CUMITOMAaTUYHUX POCINH Ta HifTBepmKeHo MetofoM 3T-ITJIP Ta cekBenyBanHAM. DioreHeTMYHMIT aHAIi3 TIOKa-
3aB, 10 i30T CMV Hanexnts go nigrpymu I1i Mae 98.72% HyxmeoTnaHoI Hofxi6HOCTI K0 i3071ATiB 31 ClIoBaYYMHY,
Ipenii Ta Anonii. BucHoBkm. Ie nepure nosifomnenHsa npo npupopHe indikysanus E. epithymoides Bipycom orip-
KOBOI MO3aiKI, 1110 PO3ILMPIOE 3HAHHA IIPO KOJIO JI0r0 TOCIIO/IapiB Ta FeHETUYHY Pi3SHOMAHITHICTb.
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84 ISSN 1028-0987. Microbiological Journal. 2026. (2)



