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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. Th is 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 identifi ed in 7 

of 9 symptomatic plants, and confi rmed 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 CMV, 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. 

Th is study is the fi rst report on natural infection of E. epithymoides by CMV, expanding knowledge of the virus’s host 

range and genetic diversity.
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Th e 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. Th ey 
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 identifi ed as a host for 
euphorbia mosaic virus (EuMV, Begomovirus, 
Geminiviridae) (CABI, 2023a; Collins et al., 
2009), euphorbia yellow mosaic virus (EuYMV, 
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-
fected by CMV (CABI, 2023b). E. pulcherrima 
plants have been identifi ed as a host for euphor-
bia leaf curl virus (EuLCV, Begomovirus, Gemi-
niviridae) (Kil et al., 2016), poinsettia mosaic 
virus (PnMV, 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 diff erent 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; 

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.

Th e 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 buff ered solution, 
supplied with the ELISA kit, 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/fi leadmin/_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 identifi cation 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 (Th ermo Fisher Sci-
entifi c, USA) with Dynex Revelation Quicklink 
soft ware. 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 
purifi cation kit (Th ermo Scientifi c, 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 (Th ermo Scientifi c, USA) 
with a 10 mM dNTP mix (Th ermo Scientifi c, 
USA). Th e resulting cDNA was amplifi ed using 
CMV-specifi c primers CMVf/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) (Th ermo Scientifi c, USA) according to the 
manufacturer’s instructions. Th e thermal cycling 
profi le 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 fi nal extension at 72 °C for 10 min. 
PCR products were visualized on a 1.5% agarose 
(CSL-AG5; Cleaver Scientifi c, UK) gel with TBE 
buff er and ethidium bromide (0.5 mg/mL).

Sequence Analysis. Th e amplifi ed 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. Th ree technical repeats 
were conducted for each biological repeat. Th e 
technical repeats’ data were averaged to get the 

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

Results and Discussion. Serological Detec-
tion of Viruses. In 2021, during a survey of public 
green spaces in Kyiv, Ukraine, we identifi ed 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 kit, 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 CMV, 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 confi rm the DAS-ELISA results, 4 symp-

Fig. 1. Virus-like ringspot symptoms on Euphorbia epi-

thymoides plants
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MW847709.1 gladiolus Ukraine

KT1997 40.1 Cucurbita pepo Ukraine

MW847710.1 gladiolus Ukraine

D10538.1 Solanum lycopersicum USA

D12499.1 Nicotiana tabacum Japan

D16405.1 cowpea Japan

D00385.1 Japan

U20219.1 Lycopersicon esculentum Philippines 

AB008777.1 Nicotiana tabacum China

KJ921838.1 Lycopersicon esculentum Ukraine

KT199741.1 Cucumis sativus Ukraine

MK299206.1 Cucumis sativus Ukraine

MK299207.1 Cucurbita pepo Ukraine
MT978189.1 Echinacea purpurea Ukraine

OL505434.1 tomato Ukraine

KJ921837.1 Cucurbita pepo Ukraine

OL505435.1 pumpkin Ukraine

M21464.1 Capsicum sp. Australia

AF127976.1 USA
ABO06813.1 Capsicum annuum Japan

MN792886.1 Papaver somniferum Slovakia

MZ298673.1 Solanum lycopersicum Slovakia
MZ298674.1 Solanum lycopersicum Slovakia

MZ540213 Alliaria petiolata Ukraine

OL555721.1 Arctium lappa Ukraine

OND13912.1 Solanum lycopersicum Greece

OL555722.1 Arctium lappa Ukraine

AF063610.1 South Africa

OQ388340 Silene latifolia Ukraine

U15730.1 Peanut stunt virus ER RNA 3 root

PV591082 Euphorbia epithymoides Ukraine

AJ276481.1 Melandryum firmum South Korea

ABO42294.2 Indonesia

KY612599.1 Ricinus communis Iran

GU253913.1 Ricinus communis India

EF153739.1 Jatropha curcus India

EF593026.1 Jatropha curcus India

MK299208.1 Cucumis sativus Ukraine

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. Th e 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-
cifi c primers (CMVf/CMVr) (Bariana et al., 1994), 
resulting in amplifi cation 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), ON013912 
(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 
diff erent host plants. Th e 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). Th us, 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. Th ese 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 (OQ388340) from Silene latifolia col-
lected in the Vinnytsia region. Th is indicates that, 
despite the spatial distance between sampling 
sites and diverse hosts (some of which have been 
reported as hosts for the fi rst time), these Ukrai-
nian isolates are phylogenetically related.

It is worth noting that the majority of studied 
Ukrainian CMV isolates recovered from culti-

vated plants (vegetables and ornamentals) belong 
to subgroup I, including MK299208, KT199740, 
MW847709, MW847710, KJ921838, KT199741, 
MK299206, MK299207, MT978189, OL505434, 
OL505435, and KJ921837. Th is suggests a poten-
tial dominance of subgroup I isolates in Ukraine, 
with a tendency to infect cultivated fl ora, where-
as subgroup II 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 refl ecting the geographic proximity 
and shared the border between the two countries.

Our study documents fi rst confi rmed 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. Th e use of 
ELISA screening followed by RT-PCR confi rma-
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 
CMV subgroup II  — a lineage reported to ex-
hibit greater genetic stability compared to sub-
group I strains.

Th e 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, effi  cient aphid-
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mediated transmission, and human-mediated 
dissemination. Th is 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 fi rst report 
on natural infection of E. epithymoides by CMV 
worldwide.

Conclusions. Th is study presents the fi rst re-
port on natural infection of Euphorbia epithymoi-
des by CMV, a harmful and widespread pathogen 
endangering profi table cultivation of many crops 
worldwide. Serological testing confi rmed 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 
fi ndings and revealed that the Ukrainian CMV-
Eep isolate belonged to subgroup II and was dis-

tinct from the other known Euphorbiaceae-infect-
ing CMV isolates clustered into subgroup I.

Phylogenetic analysis has demonstrated a 
close relationship between the CMV-Eep and 
CMV isolates from Slovakia, Greece, and Japan, 
suggesting a potential cross-border transmission 
pathway. Furthermore, comparison with previ-
ously reported Ukrainian CMV isolates indicates 
that subgroup I isolates predominantly infect 
cultivated plants, whereas subgroup II isolates 
are more frequently associated with wild fl ora.

Th ese fi ndings expand the known host range 
of CMV and contribute to a deeper understand-
ing of its genetic diversity and epidemiological 
patterns. Further research is needed to explore 
the ecological and agricultural implications of 
CMV infection in E. epithymoides and other spe-
cies within the Euphorbiaceae family.
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ПЕРШЕ ПОВІДОМЛЕННЯ ПРО ВІРУС ОГІРКОВОЇ МОЗАЇКИ 
НА EUPHORBIA EPITHYMOIDES В УКРАЇНІ

Декоративні рослини в міських і приміських умовах можуть слугувати стійкими резервуарами для вірусу 
огіркової мозаїки (Cucumber mosaic virus, CMV), сприяючи підтриманню циркуляції вірусу та його поши-
ренню на сільськогосподарські культури. Хоча CMV відомий здатністю уражати широкий спектр декора-
тивних рослин, зокрема види роду Euphorbia, його наявність у Euphorbia epithymoides не була раніше задо-
кументована в Україні. У червні 2021 року в Києві, Україні, на рослинах молочаю кипарисового (Euphorbia 
epithymoides L.) було виявлено симптоми, подібні до вірусної кільцевої плямистості. Метою дослідження 
було виявити потенційні резервуари вірусу серед рослин роду Euphorbia із застосуванням серологічних та 
молекулярних методів. Методи. Симптоматичні та здорові рослини тестували на наявність кількох вірусів 
за допомогою ІФА, а також методом ПЛР зі зворотною транскрипцією (ЗТ-ПЛР) та подальшим секвену-
ванням. Щоб виключити змішані інфекції, зразки були протестовані на 73 потівірусах, а також на вірус 
тютюнової мозаїки, вірус мозаїки томатів, вірус погрімковості тютюну, вірус мозаїки люцерни, вірус мозаїки 
резухи, вірус плямистого в’янення томатів, вірус некротичної плямистості бальзаміну та вірус кільцевої 
плямистості тютюну. Окрім, інших протестованих вірусів виявлено не було. Для визначення генетичної 
спорідненості виявленого вірусу було проведено філогенетичний аналіз. Результати. CMV виявлено в 7 з 9 
симптоматичних рослин та підтверджено методом ЗТ-ПЛР та секвенуванням. Філогенетичний аналіз пока-
зав, що ізолят CMV належить до підгрупи II і має 98.72% нуклеотидної подібності до ізолятів зі Словаччини, 
Греції та Японії. Висновки. Це перше повідомлення про природне інфікування E. epithymoides вірусом огір-
кової мозаїки, що розширює знання про коло його господарів та генетичну різноманітність.
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