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Introduction

Aim. Establishing the genetic diversity of Plum pox virus (PPV) in Ukraine. Methods. Double
antibody sandwich enzyme-linked immunosorbent assay (DAS-ELISA), polymerase chain
reaction with reverse transcription (RT-PCR), DNA sequencing and phylogenetic analysis.
Results. The samples with visual symptoms of virus infection were collected from different
regions of Ukraine and diagnosed using DAS-ELISA. The amplicons of the coat protein (CP)
gene were obtained using RT-PCR and sequenced. The obtained viral cDNAs were analyzed
using phylogenetic methods to elucidate the genetic diversity of PPV in different regions of
Ukraine. The phylogenetic relationships between Ukrainian isolates were studied and com-
pared to PPV isolates from neighboring countries. Conclusions. The PPV strains M and D
circulate in Ukraine. For the first time, PPV was found in the Kharkiv region. The PPV
isolates circulating in Ukraine are similar to the isolates from Germany, Turkey, Hungary,
and Canada. The results can be used to predict the spread of the virus in different Ukrainian
regions and in neighboring countries and to establish its origin and predict the development
of possible epidemics.

Keywords: Plum pox virus, coat protein gene, phylogenetic analysis, sequencing, genetic
diversity, Ukraine

Plum pox virus (PPV) is a quarantine object
and causative agent of severe disease of stone
fruit trees known as sharka. PPV is wide-
spread in almost all regions of Ukraine and is
a serious threat to horticulture. The purpose
of our research was to establish the genetic
diversity of PPV in Ukraine using molecular
methods.

Plum pox virus is known over hundred
years and initially was discovered in Bulgaria
in 1915 [1]. The disease caused by PPV was
first described in Ukraine in 1966 and since
then it has been spreading all over the coun-
try [2]. There are nine strains of PPV, the D
and M strains are the most common [3-6]. All
PPV strains differ in the transmission effi-
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ciency/mechanisms, the degree of pathogenic-
ity and the range of host plants. Establishing
the nucleotide sequence and molecular com-
position is a key aspect of the research aimed
at studying the spread of viruses in different
territories. The best way to control the spread
and transmission of PPV is to create virus-
resistant plants. Genetic modification of the
Prunus genus is currently poorly understood,
but several approaches have already been de-
veloped to create resistant plants (such as ge-
netic modification or engineering). In such a
way, PPV infection on plums can be controlled
or even completely eliminated. Such geneti-
cally modified organisms do not cause harm
to human health. Experimental genetically
modified plums carrying the coat protein gene
of PPV showed high resistance to PPV infec-
tion [7]. In future, these approaches may form
a base for selecting plants highly resistant to
PPV. Nowadays, however, the main method
for controlling sharka disease lies in the com-
plete removal of infected plants, which leads
to significant economic losses.

The rate of spread of the virus in the or-
chards depends on the distance between
healthy trees and a source of infection (a dis-
eased tree), when the efficiency of PPV trans-
mission depends on the sensitivity of plant
culture and density of aphid population [8].
Under natural conditions, this virus is extreme-
ly efficiently transmitted by a number of aphids
in a non-persistent, non-circulating manner,
and it was proved to be extremely difficult to
control the vectors [9]. Transmission of the
virus from country to country occurs mainly
through planting material (cuttings and
buds) [10].

According to the literature, Winona [11,
12], Marcus, and Dideron [13, 14] PPV strains
were earlier detected in Ukraine. In general,
previous characterization of some PPV isolates
circulating in Ukraine showed their high ho-
mology regardless of the region or host plant
[15]. This work is aimed at comparative de-
scription and phylogenetic analysis of PPV
isolates found in different parts of Ukraine
based on the sequences of coat protein gene
for evaluating their epidemiological potential.

Material and Methods

The sampling of symptomatic stone fruits was
conducted at private orchards and farms in
Kyiv, Cherkasy, Odessa, Kharkiv, Ivano-
Frankivsk, and Vinnytsia regions during the
growing seasons of 2016-2019. [The] Plants
(plum, apricot, peach, cherry plum, cherry, and
sweet cherry) with PPV-like symptoms were
collected. The collected samples were first
tested for PPV infection by direct double-an-
tibody sandwich enzyme-linked immunosor-
bent assay (DAS-ELISA) [16], as described
by Clark and Adams (1977) [17], using PPV-
specific polyclonal antibodies (Loewe,
Germany). Briefly, plant leaves were ground
to a powder with mortar and pestle in 0.1M
phosphate buffered saline (PBS), pH 7.4,
1:3 (m/v). Plant debris was removed by cen-
trifugation at 5.000 g for 20 min at +4°C. The
supernatant was used for ELISA. DAS-ELISA
was performed according to the manufacturer’s
recommendations. Absorbance values at
405 nm were measured using a Thermo
Labsystems Opsys MR microplate reader
(USA).

Total RNA from naturally infected PPV-
positive plant samples was isolated using

477



0. V. Kutsenko, I. G. Budzanivska, O. V. Shevchenko

RNeasy Plant Mini kit (Qiagen, UK). The
two-step reverse transcription reaction (RT-
PCR) was accomplished using two specific
primers complementary for the part of coat
protein gene of PPV producing the amplicon
with expected size of 243 bp. For RT-PCR-
based virus detection [ 18] we used the primers
proposed by Wetzel et al. (1991): P1 (5’-ACC
GAG ACC ACT ACA CTC CC-3°), P2 (5°-
CAGACT ACA GCC TCG CCA GA-37) [19].
Identification of different PPV strains is only
possible if different primer pairs are used [8].

C

DL :
Fig. 1. Symptoms caused by PPV: 4 — ringspots and blotches on aprlcot fruits, B — leaf deformation on plum and

With this in mind, we used the primer sets to
discriminate M, D, C, and Recs of PPV. For
detection of PPV-D and PPV-M strains, we
used the primers described by Olmos et al.
(1997): P1 (5°-ACC GAG ACC ACT ACA
CTC CC-3’), PD (5’-CTT CAA CGA CAC
CCG TAC GG-3°), PM (5’-CTT CAA CAA
CGC CTG TGC GT -3’) [20]. For PPV-Rec
strain detection, the mD5 and mM3 Rec-
specific primers were used as proposed by
Subr et al. (2004): mD5 (5’-TAT GTC ACA
TAA AGG CGT TCT C-3’), mM3 (5’-CAT

L

plant damage due to aphid infestation, C — ringspots and small necrotic lesions on apricot fruits (ringspot also seen on

stones), D — ringspots and vein clearing on plum leaves.
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TTC CAT AAA CTC CAAAAGAC-3) [21].
Finally, for detection of PPV-C strain the fol-
lowing specific primers were used: Soc2 (1)
(5’-TCC-ACC-ATT-CCC-AAA-TCT-G-3’),
and Soc2 (2) (5’-TAC-ATC-TCG-ATC-CTT-
CCT-C-3) [22].

Total RNA extraction and PCR amplifica-
tion were assessed by electrophoresis in a
1.5 % agarose gel in TBE buffer (89 mM TRIS
borate and 2 mM EDTA, pH 8.3) stained with
ethidium bromide. The amplification products
were purified using MinElute Gel Extraction
Kit (Qiagen, UK). The purified amplicons were
sequenced using Applied Biosystems 3730x1
DNA Analyzer with Big Dye terminators, ver-
sion 3.1 (Applied Biosystems, USA).

The aligned cDNA sequences of studied
Ukrainian PPV isolates were compared with
the nucleotide sequences of selected PPV
strains and isolates publicly available from the
GenBank database. The phylogenetic analysis
was conducted using MEGA 7 software. The

160

140
120
100
30
60
40
20 L L
. L L

phylogenetic trees were constructed using the
Neighbor-Joining (NJ) method.

Results and Discussion

The plant samples were collected during 2016-
2019 years from different regions of Ukraine.
The samples of plum, apricot, peach, cherry
plum, cherry, and sweet cherry with symptoms
of chlorotic spots/rings, deformation of leaves,
small spots/pits and/or brown/reddish necrotic
lesions on fruits, were collected (Fig. 1).

In total, about 300 samples were tested for
PPV. Most of the samples were collected from
the Kyiv, Cherkasy and Odessa regions, where-
as the Kharkiv, Ivano-Frankivsk, and Vinnytsia
regions were less represented.

PPV has been detected by DAS-ELISA in
a modest part (31 %) of symptomatic plant
samples in all regions (Fig.2) and in every host
tested except the sweet cherry. The relative
number of PPV-positive plants was similar in

® Total number of

samples examined

® Number of PPV-

positive plants

Fig. 2. Serological detection of PPV
in screened regions of Ukraine
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Table 1. PPV detection and strain discrimination by RT-PCR

Region Host plants Strain(s) Symptoms Year(s)
Kyiv Plum, apricot, D, M |fruit deformation, leaf deformation, light green 2016-2019
peach mosaic, ringspots and small necrotic lesions
Cherkasy Plum, peach D fruit deformation, leaf deformation, light green mosaic| 2016-2019
Odessa Apricot, peach, D, M | fruit deformation, leaf deformation, ringspots and 2016-2019
plum, cherry small necrotic lesions
Kharkiv Plum D fruit deformation, ringspots and small necrotic lesions. | 2018-2019
Ivano-Frankivsk |Plum, cherry D, M | fruit deformation, leaf deformation, light green mosaic | 2017-2019
Vinnytsia Plum, apricot D fruit deformation, leaf deformation, light green 2017-2019
mosaic, ringspots and small necrotic lesions

the regions of the country. For the first time,
PPV was found in the Kharkiv region.

Unexpectedly low number of PPV-positive
samples in ELISA can be explained by a low-
er sensitivity of DAS-ELISA as compared to
conventional PCR diagnostics.

All samples shown as PPV-positive in DAS-
ELISA were further tested using RT-PCR. The
advantages of this diagnostic technique are
high sensitivity and ability to discriminate
between different strains of the virus.
Molecular detection of PPV confirmed that the
D strain was found in most of the host plants
(plum, apricot and peach) and was the pre-
dominant strain of plum pox virus in all re-
gions. In the Cherkasy, Kharkiv and Vinnytsia
regions only the D strain of PPV was found.
In contrast, the M strain was less common and
was only found in apricot and peach plants
(but not in plum or cherry plants) (Table 1). In
contrast, PPV-Rec, PPV-C strains were not
found in this study.

In total, the D strain was found in 73 % of
PPV-positive samples, whereas the M strain —
only in 27 %. Approximately 9 % of samples
were infected with both strains.

Partial nucleotide sequences of the CP gene
of seven Ukrainian isolates of PPV were de-

480

termined and deposited in the GenBank:
OdpeachDKd (Accession Number MK209071),
ChplumMSt (Accession Number MK209072),
OdpeachDKs (Accession Number MK209073),
OdplumDSt (Accession Number MK209074),
KapricotDKs (Accession Number MK209075),
KpeachDOk (Accession Number MK209076),
and OdpeachDSt (Accession Number
MK209077).

These nucleotide sequences of Ukrainian
isolates of PPV together with the sequences of
other PPV strains available from the GenBank
database and originating from different coun-
tries were used when constructing the phylo-
genetic tree (Fig.3). Partial nucleotide se-
quence of the CP gene of potato virus Y was
used as the out group.

Our results show a high (~99 %) level of
identity of the coat protein gene sequences of
Ukrainian isolates of PPV regardless of their
sampling site or the host plant, with clear seg-
regation on the D strain and M strain isolates
(Fig.3, Table 2). This finding may be indicative
of either small number of historical events of
virus introduction into the country or, alterna-
tively, intense exchange/circulation of virus
genetic material maintaining its homogeneity.
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OdpeachDKd(MK209071)
PPV strain D isclate PEN PIm(AF354269)
KpeachDOk(MK2090786)

KapricotDKs(MK209075)
EsMrPI1951(MK370133)

Plum pox virus strain D isolate PEN

Plum pox virus isolate UKR 44188

78 | Plum pox virus isolate Penn

Plum pox virus PPV-D gi316982755

Plum pox virus D gi62766784
OdpeachDSt(MK209077)

_E)dplumDSt(MKZOQOM)

i L OdpeachDKs(MK209073)

gp | Plum pox virus Ankara-Merkez-E gi307604172

85

Plum pox virus strain PPV-An Marcus Ancestor
B8 ChplumMSt(MK209072)
68 | PPV strain Marcus isolate P179(MG941019).

—Plum pox virus SoC gi37731826
o8 | Plum pox virus (strain El Amar)
PPV strain El Amar(AY2847269)
Plum pox virus PPV-W gi327335419
Plum pox virus W gi62766782

76 | Plum pox virus strain Winona.
PPV strain W isolate BelB-9(JN596108)

Potato virus Y coat protein

e
0.050

Fig. 3. Neighbor-Joining tree showing phylogenetic relationships among previously known strains/isolates of PPV
and seven Ukrainian isolates based on their partial nucleotide sequences of the coat protein gene. Hasegawa-Kishino-
Yano model + Gamma distribution (HKY + G). Bootstrap values are shown next to the nodes. Ukrainian isolates are
shown in squares
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Table 2.1dentity of Ukrainian PPV isolates by partial sequences of their CP gene, %

Isolates OdpeachDKd | ChplumMSt | OdpeachDKs | OdplumDSt | KapricotDKs | KpeachDOk | OdpeachDSt
(MK209071) | (MK209072) | (MK209073) | (MK209074) | (MK209075) | (MK209076) | (MK209077)

OdpeachDKd - 91 99.3 97 100 100 98
(MK209071)
ChplumMSt 91 - 91 93 90.9 91 92
(MK209072)
OdpeachDKs 99.3 91 - 98 98 99.2 99
(MK209073)
OdplumDSt 97 93 98 - 99.2 98 99
(MK209074)
KapricotDKs 100 90.9 98 99.2 - 100 98
(MK209075)
KpeachDOk 100 91 99.2 98 100 - 97.3
(MK209076)
OdpeachDSt 98 92 99 99 98 97.3 -
(MK209077)

Ukrainian PPV isolate ChplumMSt
(Accession number MK209072) belonged to
the M strain of PPV and expectedly was less
homologous to the other isolates as these were
attributed to the D strain of the virus (Fig.3,
Table 2). The remaining six PPV isolates be-
longing to the D strain were highly similar to
each other (97-100 %) despite being collected
in different years and from various hosts and
regions. On the basis of the CP gene, which is
commonly used for deciphering PPV phylog-
eny, we were unable to show any significant

differences between Ukrainian PPV isolates of
the D strain Fig.3, Table 2).

Subsequent evaluation of evolutionary links
of Ukrainian PPV isolates with those already
published in the GenBank (Table 3) showed
high level of homology. All Ukrainian PPV
isolates attributed to the D strain demonstrated
at least 96 % of identity to known isolates of
this virus confirming the overall homogeneity
of virus populations.

A level of identity of the partial CP gene
sequences of Ukrainian PPV isolates was in-

Table 3. 1dentity of Ukrainian PPV isolates with selected isolates from the GenBank by partial sequences

of their CP gene, %

Isolates P179 EsMrPI951 PEN_Plm BelB9 ElAmar
(MG941019) (MK370133) (AF354269) (JN596108) (AY847269)
OdpeachDKd (MK209071) 97.9 98 98 100 99
ChplumMSt (MK209072) 95.7 94 93 94 94
OdpeachDKs (MK209073) 98.4 99.5 99 99 95.6
OdplumDSt (MK209074) 98 98.5 97.7 97 98
KapricotDKs (MK209075) 97.9 100 99 98 99
KpeachDOk (MK209076) 98 100 98 99 100
OdpeachDSt (MK209077) 97.9 99 99 100 98
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dependent of either the region of sampling or
the host plant. For instance, the peach isolate
of PPV collected in the Odessa region
(MK209071) was equally identical to both
EsMrPI951 (Accession number MK370133)
from Turkey and PEN Plm (Accession number
AF354269) from the USA.

Expectedly, the only Ukrainian PPV isolate
attributed to the M strain of the virus —
ChplumMSt (Accession number MK209072) —
was less homologous to published isolates
shown in Table 3 with the highest identity
(~96 %) to isolate P179(Accession number
MG941019) which was an M strain isolate
from Turkey.

Based on the partial sequence of the coat
protein gene, Ukrainian isolates of plum pox
virus are highly similar to known strains/iso-
lates of PPV, suggesting the common origin or
ancestor ‘gene pool’, exchange of genetic ma-
terial between populations and/or similar evo-
lutionary mechanisms governing virus spread
and adaptation.

Conclusions

In summary, plum pox virus was found in
most of the host plants in all screened regions
of Ukraine, and for the first time PPV was
confirmed in the Kharkiv region. Despite plum
pox virus was found in many other parts of
Ukraine and even in the neighboring region
of Russia, it was never detected in the Kharkiv
region until now. [The] Possible reasons of
such ignorance include relatively small num-
ber of PPV-susceptible plants cultivated in this
region commercially because of its climatic
conditions as well as subsequent omittance by
scientists. Using incomplete sequence of coat
protein gene for the phylogenetic analysis of

the Ukrainian isolates, we demonstrated prev-
alence of the D strain of plum pox virus in all
regions, whereas the M strain was rarely found
and infected only apricot and peach plants.
Expectedly, Ukrainian PPV isolates were
highly (97-100 %) similar to the majority of
previously described European isolates of
PPV. The data obtained may indicate their
common origin and/or similar mechanisms of
microevolution.
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I'eneTnuHe pi3HOMAHITTA Bipycy IIAPKHU CJIUBH
B YKpaiHi
0. B. Kymnenko, 1. I. Bynzaniscrka, O. B. llleBueHko

Merta. BcTaHOBICHHS TeHETHYHOTO PI3HOMAHITTS BipyCy
mapku cinvBu (BIIC) B Vipaini. Meroau. Imynodep-
MeHTHHH aHati3 (IDA), moniMepasHa JTaHIIOrOBa peaKIis
31 3BopoTHOIO TpaHckpuriiero (3T-I1JIP), cukBeHyBaHH:
JHK Ta ¢inorenernunuii anami3. PesyiabraTn. 3pasku
Oyy BUOpaHi 3 pi3HUX PErioHiB YKpaiHu 3a Bi3yaJIbHIMU
CHUMIITOMAaMH Ta OiarHOCTOBaHi 3a goromoror IPA B
Moaudikarii «ceHaBiu». B monanpiioMy 3a J0IMOMOTO0
3T-I1JIP Oynu oTprMaHi Ta CHKBEHOBAH| aMITITIKOHH T'eHa
KarcuHoro 6Ky Bipycy. OTpHMaHHI TOCITITOBHOCTI
aHaJIi3yBaJId 3a JONOMOTOI0 (hiIOTEHETHYHUX METOIB.
B pesynbrari BuBueHo reeruyHe pisHomanitTs BIIC y
pi3HUX perioHax YKpaiHHU, BCTAHOBIICHO (DiTOreHeTHYHI
3B’SI3KM MK YKPaiHCHKMMHU 130JISITaMU Ta IIPOBENEHO iX
TTOPIBHSUTBHY XapaKTEpUCTHUKY 13 130JIITaMU 3 CYCIIHIX
Kkpaid. BucHoBku. Ha tepuropii YkpaiHu IUpKyIIOIOTh
mramMu M Ta D Bipycy mapku cnuBu. Briepme BIIC
JliarHOCTyBaJK B XapKiBChKil oonacrti. [3omsatu PPV, mo
IMPKYIIOIOTh B YKpaiHi, HAWOUTeII oAiOHi 10 i1307ATiB
3 Himeuunnun, Typeuunnu, Yropumnu ta Kanaau.
Otpumani pe3ysTaTH MOXKYTh OyTH BUKOPHCTaHi B TO-
JATBIIOMY AJIS IPOTHO3YBaHHS IOIIMPEHHS BIPyCy B
Ppi3HUX perioHax YKpaiHu Ta CyCiJHIX KpaiHax, BCTaHOB-
JICHHSI HOTO TIOXO/DKECHHS Ta MPOTHO3YBAaHHS PO3BHUTKY
MOXKIIUBUX €ITiAEMII.

Kaw4oBi ciaoBa: BipyC IapKu CIUBH, TCH KaIlCHJI-
HOTO OinKa, (hiTOreHeTHYHNI aHalli3, CHKBEHYBaHHS, Te-
HETHYHE PI3HOMAHITTs, YKpaiHa.
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I'eHeTnuyeckoe pasHooOpa3ne BUpPyca MAPKH
CJIMBBI B YKpanHe

O. B. Kynenko, U. I. bynzanusckas, A. B. [1leBuenko

Hean. VzyueHne reHETHYECKOTO pa3HooOpa3ust BUpyca
mrapku cnuBsl (BILIC) Ha TeppuToprn Ykpaussl. MeToasbl.
NmmyHodepmenTHsbiit anamms (MDA), monmmepasHast ner-
Has peaknus ¢ ooparHor TpaHckpunmwuein (OT-ITLP),
cexkBennpoBanue JIHK u ¢unorenernueckuii aHanms.
Pe3yabrarsl. O0pasib! ObuH 0TOOpAHBI U3 Pa3HBIX PEru-
OHOB YKpauHbI 110 BU3yaIbHBIM CHMITTOMaM U INarHOCTH-
poBaHs!I ¢ omorikio MDA B Momudukaimu «CoHaBUD». B
nanbHeimem, ucrions3yst OT-TTLP, Obuti moyyeHs! u
CEKBEHHPOBAHBI AMIUIMKOHBI F'€Ha KallCHIHOTO Oellka BH-
pyca. Ilomy4eHHble noce10BaTebHOCTY aHATU3UPOBAIIH
C ITOMOIIBIO (PHITOTEHETHUECKUX METONIOB. B pesynsrare
M3ydeHO reHetndeckoe pasHooOpasme BIIC B pa3HBIX
permoHax YKpavHbI, YCTaHOBIIEHBI (DUIIOTCHETHUECKUE

CBSI3M MEXIy YKPanHCKUMHM M30JSITaMU Y IIPOBEICHA X
CpaBHHTENBHAS XapaKTEPUCTHKA C U30IATAMH U3 COCETHHX
ctpad. BeiBoasl. Ha Tepputopun YkpauHs! HTUPKYITUPYIOT
mrammbl M 1 D Bupyca mapku ciusbl. Bnepseie BILIC
JIMarHOCTHPOBAIIM B XapbKoBCKo# obnactu. M3omsatet PPV,
LMPKYJHUPYIOIIHE B YKparnHe, Hanoojiee 1ogo0HbIe K N30-
jsaraM u3 lepmanum, Typuuun, Benrpuun m Kanagsr.
ITomyueHHbIe pe3ynbTaThl MOTYT OBITh MCHOJIB30BaHbI B
JlanbHENIIIeM JUIsl MPOTHO3UPOBAHUS PACIIPOCTPAHEHUS
BHpyCa B Pa3IU4YHBIX PETHOHAX YKpPauHbl U COCEIHUX
CTpaHax, yCTaHOBJICHHUS €T0 MPOUCXOKICHHS U IPOrHO3HU-
pOBaHMS PA3BUTHSI BO3MOXKHBIX AIHUIEMUIL.

Kiw4yeBble ca0Ba: BUPYC MIAPKHU CIUBBI, T€H
KarCUIHOTO Oeiika, (PHIOreHeTHUSCKHI aHAIN3, CEKBCHU-
pOBaHue, TEHETHYECKOe pa3HooOpa3ue, YKpanHa.
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