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Aim. In current work, we proceeded with the strain attribution of Ukrainian isolates CMV based on the
phylogenetic analysis of the partial sequences of the coat protein gene. Methods. ELISA, RT-PCR, DNA
sequencing and phylogenetic analysis. Results. Cucumber mosaic virus (CMV) is widespread among the
variety of crops from the Cucurbitaceae and Solanaceae families in Ukraine. The symptomatic samples
from different regions of Ukraine were collected and tested for the presence of CMV. The coat protein (CP)
gene of two isolates was amplified and sequenced. The partial nucleotide sequences of CP gene were deter-
mined and compared to those of other CMV strains belonging to the 1A, IB and II subgroups. Comparison
of the nucleotide sequences of Ukrainian isolates showed their similar identity percentages and close rela-
tionships with the subgroup IB strains from other countries. The highest nucleotide homology was shared
with the strains ABI (Korea) and SD (China). Conclusions. Based on the highest identities of the coat pro-
tein gene sequences and close phylogenetic relationships with the subgroup IB members of CMV, the
Ukrainian isolates under study were identified as belonging to the subgroup IB. Our findings show for the

first time an occurrence of the IB subgroup isolates of CMV in Ukraine.

Keywords: Cucumber mosaic virus, coat protein gene, phylogenetic analysis.

Introduction

Cucumber mosaic virus (CMV) is a type species
from the genus Cucumovirus, family Bromoviridae.
It is distributed worldwide in temperate and tropical
areas causing epidemics in a variety of economically
important crops. CMV is able to infect approximate-
ly 1300 species of more than 500 mono- and dicoty-
ledonous plant genera among over 100 families, with
new hosts reported every year [1]. Wide dissemina-
tion of CMV suggests its success in rapid adapting to
new hosts and new environments [2].

The genome of CMV is a single-stranded, positive-
sense RNA. There are three RNA segments contain-
ing five open reading frames (ORF), which code for
the proteins la, 2a, 2b, 3a, and coat protein (CP) [3].

RNAs 1 and 2 encode the components of the viral
polymerase complex (1a and 2a). RNA 2 also encodes
a protein functioning as a suppressor of the posttran-
scriptional gene silencing (2b) [4]. RNA 3 contains
the 3a and coat protein genes separated by an inter-
genic region. Both of these genes are necessary for
cell-to-cell movement of the virus in the host plant
[3]. The 3a protein corresponds to the movement pro-
tein (MP). The coat protein is expressed from a subge-
nomic RNA (RNA 4) and plays an important role in
aphid transmission and symptom expression [5, 6].
According to serological relationships, peptide
mapping of the coat protein, nucleic acid hybridiza-
tion and nucleotide sequence identity, a number of
CMYV isolates have been described previously and
classified into two subgroups, designated I and II
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Fig. 1. Viral disease symptoms on plants under field conditions
induced by Cucumber mosaic virus: 4) discoloration of tomato
fruit; B) dark green mosaic of leaf blade on squash

[7]. The development of phylogenetic analysis meth-
ods led to the further subdivision of CMV isolates of
subgroup I into subgroups IA and IB [2]. The phy-
logeny estimations with full CP OREF, as well as the
rearrangements in the 5’ nontranslated region of
RNA 3 verified these designations [8].

The strains belonging to subgroups I and II have
dissimilar characteristics. The CMV strains of sub-
group | are considered more virulent than those of
subgroup II. The members of subgroup IA occur all
over the world. Contrarily, most isolates in subgroup
IB are reported from East Asia, which is considered
to be the origin of this subgroup [9]. The strains and
isolates detected in other areas (the Mediterranean
region, California, Brazil, Australia) have been in-
troduced recently from Asia [1]. The mild strains be-
long to subgroup II; they are widespread in cooler
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areas of temperate regions, in the USA, Australia,
and Africa [1].

Previously, CMV of subgroup II has been detected
in infected pumpkin plants from Ukraine [10]. The
subgroup attribution has been established based on
the RT-PCR product size. However, the sequences of
these isolates have not been obtained and their com-
parison with other known strains and isolates has not
been performed. In current work, we proceeded with
the strain attribution of Ukrainian isolates based on
phylogenetic analysis of the partial sequences of the
coat protein gene.

Materials and Methods

Plant samples were collected from different regions
of Ukraine. The symptomatic samples were screened
for the presence of viral antigens. Double-antibody
sandwich enzyme linked immunosorbent assay (DAS-
ELISA) was conducted using commercial test-system
of Loewe (Germany). Plant material was homoge-
nized in 0.1M phosphate buffered saline (PBS), pH
7.4, 1:2 (m/v). Plant components were removed by
centrifugation at 5.000 g for 20 min at +4 °C using
centrifuge PC-6. The supernatant was taken for fur-
ther ELISA. DAS-ELISA was performed according
to the manufacturer’s recommendations. The results
were checked at the wavelength of 405/630 nm us-
ing microplate reader Termo Labsystems Opsis MR
(USA) with software Dynex Revelation Quicklink [11].

Total RNA was extracted from naturally infected
plant samples using RNeasy Plant Mini kit (Qiagen,
UK). The results were confirmed by electrophoresis
of nucleic acids in 1.5% agarose gel. The two-step
reverse transcription reaction (RT-PCR) was accom-
plished using two specific primers complementary to
coat protein gene of CMV producing the amplicon
with expected size of 500 bp [12]: forward primer —
5" TATGATAAGAAGCTTG TTTCGCGCA-3"; re-
verse primer — 5’ TTTTAG CCGTAAGCTGGATGG
ACAACCC-3".

The first strand cDNA synthesis was performed at
42 °C for 60 min using Termo Scientific RevertAid
Reverse Transcriptase according to the manufactur-
er’s instructions. The first cycle was carried out at 95
°C for 1 min. PCR was conducted for 30 cycles us-
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Fig. 2. Phylogenetic tree based on partial coat protein gene sequence of selected strains and Ukrainian isolates. Bootstrap values are

shown above branches

ing the following parameters: 30 s at 95 °C, 30 s at
56 °C, 1 min at 72 °C, and then 5 min at 72 °C in the
final cycles. PCR amplification was assessed by elec-
trophoresis in a 1.5 % agarose gel in TBE buffer (89
mM TRIS borate and 2 mM EDTA, pH 8.3) and
stained in ethidium bromide. The purified amplicons
were sequenced using Applied Biosystems 3730x1
DNA Analyzer with Big Dye terminators, version
3.1 (Applied Biosystems, USA).

The aligned sequences of the part of coat protein gene
of two CMV isolates were compared with the published
sequences of CMV strains belonging to different sub-
groups available in the GenBank database using NCBI/
BLAST (http://www.ncbi.nlm.nih. gov/). The list of 20
CMV strains from NCBI used for phylogenetic analysis
is presented in Table 1. The phylogenetic analysis was

conducted using MEGA version 5.2.1 software. A phy-
logenetic tree was constructed using the Neighborhood
Joining method. The Kimura 2-parameter model was
used to estimate the nucleotide distances among the
compared sequences of the CP gene [13].

Results and Discussion

The symptomatic samples of vegetable plants were
observed under field conditions in different loca-
tions. 126 plant samples belonging to the Cucurbita-
ceae and Solanaceae families were selected and
tested for CMV. The plant samples were collected
from following regions of Ukraine: Autonomic Re-
public of Crimea, Vinnytsia, Zaporizhzhia, Kyiv,
Kirovohrad, Odessa, Poltava, Cherkasy and Cherni-
hiv regions. The plants of Cucurbitaceae family
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(cucumber, squash, pumpkin, and zucchini) showed
puckering, distortion, vein banding, yellowing, fila-
mentary leaf structures, yellow leaf mosaics; dark
green spots of different size, knobs and malforma-
tions on fruits. The plants of Solanaceae family (to-
mato, pepper, eggplant) showed disease symptoms
in one month after seedtime during flowering. At
first yellow spots and vein clearing have appeared on
young leaves, followed by systemic yellow and
green mosaics, chloroses and necroses. DAS-ELISA
was performed for detection of viral antigens in plant
samples. 38 of 126 plant samples were found CM V-
positive. Virus-infected plants were detected in ag-
riecosystems of Vinnytsia, Zaporizhzhia, Kyiv, Odes-
sa, Poltava and Cherkasy regions.

For further investigations, two samples were chosen
since they showed a high virus titer in DAS-ELISA and

exclusive occurrence of CMV (among the range of vi-
ruses tested). The tomato (Lycopersicon esculentum)
from Poltava region showed yellow spotting on fruits
and leafrolling. Such manifestation is considered classi-
cal symptoms of CMV with low rate of occurrence in
Ukraine (Fig. 1). The source of another isolate was
squash (Cucurbita pepo) from Poltava region with dark
green mosaic along the leaf veins (Fig. 1).

RT-PCR with the extracted total RNA resulted in am-
plification of a cDNA (expected 500 bp long) covering a
part of CP gene. The partial CP gene nucleotide sequenc-
es of Ukrainian CMV isolates were obtained.

A phylogenetic tree was constructed using aligned
nucleotide sequences of the partial CP gene of various
CMV strains isolated from different countries. The
Phylogenetic analysis indicated three distinct clusters
corresponding to subgroups IA, IB and II (Fig. 2).

Table 1. Strains of Cucumber mosaic virus used for phylogenetic analysis in this work

S Sub o Origin Accession Nucleotide homology
group number Ukr-sql3 Ukr-tom2
237 IA Cucumis melo Australia AJ585518 94% 94%
ABI 1B Korea L36525 98% 98%
ALS 11 Host — Alstroemeria, lab host — Netherlands AJ276587 79% 79%
Nicotiana benthamiana
banana 1A Musa acuminata Israel U43888 94% 94%
G10 1B Tobacco Greece AY 541691 95% 95%
G2 1B Tobacco Greece AY 450854 95% 95%
Hnt I Tobacco China KC407999 81% 81%
117F 1A France Y18137 94% 94%
K 1B USA AF127977 98% 97%
LS 1I USA AF127976 82% 82%
1A Limonium sinuatum Japan D28486 95% 95%
11 France Y18138 82% 82%
Rb 1A Rudbeckia hirta var. Pulcherrima South Korea GU327365 95% 95%
S 1I Lycopersicon esculentum USA AF172841 81% 81%
SD IB China ABO008777 99% 99%
N II From tomato plants, lab host — Japan AB176847 80% 80%
Nicotiana tabacum
Twa 1A Pepper Ausralia AJ585522 95% 95%
A% 1A Lab host — Nicotiana benthamiana South Korea AB369270 94% 94%
Vir IB Capsicum sp. Italy HE962480 95% 95%
Z 1A Lab host —Nicotiana benthamiana South Korea AB369269 95% 95%

60



The first evidence of subgroup IB isolates of Cucumber mosaic virus in Ukraine

The CMV strains belonging to subgroup II formed
a different cluster on the phylogenetic tree, well sepa-
rated from the members of subgroup I. Within sub-
group I, Ukrainian CMV isolates showed close phylo-
genetic relationships rather with the members of sub-
group IB than IA, which formed a separate cluster.

Ukrainian isolates shared 79-99 % nucleotide ho-
mology with the strains reported from all over the world
(Table 1). According to literature data, the members of
the same group share more than 90 % homology. The
homology between strains from I and II subgroups was
approximately 69—77 % [3]. The nucleotide sequences
shared 92-94 % similarity among IA and IB subgroup
strains [14]. Ukrainian isolates were phylogenetically
most related to each other and to the members of sub-
group IB (>95 % nucleotide homology). However, they
were distinct from the subgroup IA and subgroup II
strains. The members of subgroup II showed the lowest
nucleotide homology (79-82 %) with the Ukrainian
isolates of CMV studied.

The phylogenetic analysis of partial sequences of
the CP gene of Ukrainian isolates of CMV revealed
the highest homology and close relationships with the
strains ABI and SD from Korea and China. They
shared approximately 98-99 % homology. The infre-
quent amino acid substitutions revealed a high simi-
larity in this gene region. The protein sequence of ABI
strain is different from those of Ukr-sq13, Ukr-tom2,
and SD, and has two amino acid substitutions (YA —
IT corresponding to 601, 602 positions). The sequence
comparison of Ukrainian isolates showed their high
similarity. Based on the results obtained, these Ukrai-
nian isolates of CMV were identified to belong to the
subgroup IB. The sequence data have been submitted
to NCBI, accession numbers KJ921838 and KJ921837
for Ukr-tom2 and Ukr-sq13 isolates, respectively.

Conclusions

The results obtained confirm the wide dissemination
of CMV in Ukraine. The analysis of many samples
collected from nine regions of Ukraine representing
approximately 1/3 of the country area suggests that
about 30 % of plants with manifested symptoms
were CMV-positive. Despite the supposed high rate
of CMV evolution and adaptation [2], the phyloge-

netic analysis of two Ukrainian isolates of CMV re-
veals that their homology exceeds 95 %, i.e. that the-
se isolates belong to the same strain. In our opinion,
it is of special interest as these isolates have been
found in totally different host plants, tomato and
squash, which belong to distant families.

Another important phylogenetic finding is that
Ukrainian isolates of CMV are attributed to the sub-
group IB of CMV strains. The Ukrainian isolates are
mostly related to the strains ABI and SD from Korea
and China, respectively. Initially, the members of sub-
group IB were found in (and thought to be restricted to)
the East Asia. Later on, the subgroup IB strains of CMV
were shown to be widespread in Iran [1], however the
subgroup IA isolates were also detected [15]. The oc-
currence of subgroup IB isolates of CMV suggests that
they might have been introduced in Ukraine either by
seed material or through the exported fresh food prod-
ucts. Additionally, we cannot reject a possibility of the
virus ‘natural migration’ from Iran (or other neighbor-
ing regions) to Ukraine by aphid or birds.

Strangely, we have not found the subgroup IA isolates
of CMV in Ukraine as yet. These are more virulent strains
and isolates which are considered to be common world-
wide, including Europe. In accordance with Zitikaité I, et
al. [10], the CMV subgroup II was detected in pumpkins
from Ternopol and Chernivtsi regions of Ukraine. Thus,
based on previous research data and our findings, the
CMV population in Ukraine consists of the isolates of 11
and IB subgroups. Having registered severe symptoms
on collected plants, we expected that they were induced
by a virulent ‘form’ of the virus. Surprisingly, both iso-
lates fall into the subgroup IB strains of CMV. In the view
of aforesaid, we deem that the obtained results rather re-
flect the lack of CMV monitoring in Ukraine than reveal
atypical virus spread in the region.

The data also indicate that the severity of the vi-
rus-specific symptoms in field conditions may not be
directly related to the degree of virulence of a given
virus isolate, requiring more research on the CMV
biology, epidemiology and evolution.
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T. I1. leBuenko, O. B. Tumunmiun, E. Ans Jlanain,

A. C. bucos, L. I. Bynzanisceka, O. B. I1leByenxo, B. I1. [Tominryk
Ilepie noBigoMIiIeHHs PO AeTeKLiI0 i30JTiB

miarpynu IB Bipycy oripkoBoi Mo3aiku B Ykpaini

Mera. BeranoBneHHs ITaMOBOT IIPUHAIKHOCT] YKPATHCHKHX 130-
JISITIB Bipycy oripkoBoi Mo3aiku (BOM) Ha 0CHOBI (iIoreHeTHYHO-
ro aHayizy (parMeHTa MocCiI0BHOCTI reHa KarcuaHoro Oika. Me-
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Tomu. ImyHodepmenTruii anani3z (IMA), moniMepasHa JlaHIFOroBa
peaxiist 31 3B0poTHOIO Tpanckpummieto (3T-IUJIP), cukBeHyBaHHS
JIHK Ta ¢dinorenernunnii anaiis. Pesyabrarn. BOM e mmpoko
PO3IOBCIOIPKEHIM [aTOTCHOM CLIBCBKOTOCTIONIAPCHKHX KYJIBTYp B
Vipaini. Bynu BiniOpani i npoanastizoBaHi 3pa3KH pOCIIHH 3 Bipyco-
MOMiOHMMHU CHMITTOMAaMH TIPEICTaBHUKIB pomuH Cucurbitaceae i
Solanaceae. Buxonsau 3 pe3yssTariB Bi3yalabHOI Ta CEPOIOTidHOT
JIarHOCTHKH, J1Ba 3pasku Lycopersicon esculentum i Cucurbita pepo
3 IlonraBcekoi obmacti Oyau oOpaHi IS TOZANBIIMX MOJCKYIAP-
HUX JIOCITI/uKeHb. bynmu amrutidikoBaHi i CHKBEHOBaHI YaCTKOBI 110~
CIIITOBHOCTI TeHa KancHIHOrO Outka. OTpHMaHi MOCTITOBHOCTI
kJIHK reHa karncuaHoro OiiKa 11X i30JITiB TIOPIBHSLIIU 3 OMyOIIiKO-
BaHUMH B [ eHOaHKY mocmizoBHOCTsIMH 1mTamiB BOM pisHuX mijg-
rpym. Haif6inbiia roMosiorist yKpaiHChKHX 130JITiB HPOAEMOHCTPO-
BaHa 3i ramamu BOM niarpymu [B. Haii6insi criopiiHeHIMHA 10
yKpalHCBKUX i30511TiB BusiBiinCs wtaM ABI 3 Kopei ta mrram SD 3
Kuraro. BucnoBkn. Crimparodncs Ha pe3ylsTaTH (DiIOreHeTHIHOTO
aHaJTi3y, MOYKHA CTBEPKYBATH, 1110 ICTEKTOBaHI YKPAiHCHKI i30J1TH
Bipycy oripkoBoi Mo3aiku HajiexaTs 10 Tpyru IB. Hami pesynsraru
€ TIePILIM HOBITOMIICHHSM IIPO HAasBHICTH 130514TiB BOM miarpymnu
IB Ha Tepuropii Yipainu.

KawuoBi cioBa: Bipyc oripkoBoi Mo3aiku, IeH KarcHJHO-
0 OUIKY, (DLIIOTEeHETHIHHH aHaJi3.

T. I1I. llleruenko, O. B. Termuumwmn, E. Anp [lanawnn,
A. C. bricos, 1. I'. byn3anusckas, A. B. IlleBuenko, B. I1. [Tomumryk

IlepBoe cooluIeHNe 0 JeTeKIMH H30.ISITOB
noarpynnel IB Bupyca Mmo3auku orypua B Ykpaune

Ieab. YCTaHOBUTH INTaMMOBYIO [IPUHAUIEKHOCTU YKPAHMHCKUX
M30JIITOB BUpyca Mo3auku orypua (BMO) Ha ocHoBaHuu (husore-
HETUYHOIO aHAJIM3a YaCTUYHOM II0CIIEI0BATEIIbHOCTY TeHA KallCU -
Horo Oenka. Metonbl. ImvmyHOoGepmenTHbIi aHamu3 (MDA, momm-
MepasHast IierHast peakiusi ¢ o0parHoi Tpanckpurmeit (OT-TTLP),
cexsenupoBanue JJHK n ¢punorenernyeckuii ananus. Pe3yabrarbl.
BMO mmpoko pacnpocTpaHéH B YKpauHe Cpeiu CeIbCKOX03sic-
TBEHHBIX KYJIETYp. b1 0T0OpaHb! 1 MpoaHaIM3HpOBaHb! 00pa3Ibl
pacTeHuii ¢ BHPYCONOIOOHBIMH CHMITOMaMH ceMeicTB Cucur-
bitaceae n Solanaceae. Ha ocHOBe BU3YaIbHOI U CEPOIIOTHIECKON
JIMarHOCTHKH JiBa oOpasua Lycopersicon esculentum w Cucurbita
pepo u3 Ionrasckoit obmacTy ObUTH N30PaHBI TS TATBHEHIIIIX MO-
JIEKyTSIPHBIX HCCNEA0BAHNH. BbImy aMmmiHImMpoBaHbl 1 CEKBEHH-
POBaHBI YaCTUYHBIE TTOCIIEOBATEILHOCTH TeHA KAIICHJTHOTO OelTKa.
IIpoBeneHo cpaBHeHKE MOMyYEeHHBIX nocnenoBarensHocTeit KIHK
TeHa KarCHJTHOTO OeTKa 3THX M30JISITOB C OITyOJIMKOBAaHHBIMY B [eH-
0aHKe MOCIEeIOBATENFHOCTAMYI mMTaMMOB BMO pasmidHbIX mof-
rpymi. HauGornbiiasi TOMONOTHST YKPAaHMHCKUX H30JIATOB IPOJe-
MOHCTPHpPOBaHa C MpeAcTaBUTesIMA noarpymmsl [B. Hambonee
POICTBEHHBIMH K YKPAUHCKHUM M30JIITaM MOKa3aHb! ITaMMbl ABI
(Kopest) u SD (Kwuraii). BeiBoasl. Vcxoms u3 pe3ynsraroB (umore-
HETHYECKOTO aHaIN3a, YKpauHCcKue n30mTel BOM npunayiexar k
niofrpyme IB. Pesynsrare! 3T0i paGoTH!I SIBISIIOTCS IEPBBIM CBHIE-
TEJIbCTBOM MPUCYTCTBUS U30511TOB noarpymnisl IB BMO Ha teppu-
TOPUU YKpPAUHBL

KawueBbie ciaoBa: BUPYC MO3aWKH Orypua, reH Karncumi-

Horo Oenka, (PUIOTeHeTHYECKUN aHaIH3.
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