VIK 631.541.1:634.20

A. Kyrychenko', I. Shcherbatenko’, 1. Antipov’, K. Hrynchuk?

1 Zabolotny Institute of Microbiology and Virology, NAS of Ukraine,
154 Acad. Zabolotny Str., Kyiv, MSP, D03680, Ukraine
2 National University of Life and Environmental Sciences of Ukraine
15 Heroiv Oborony Str., Kyiv, 03041, Ukraine

TYPING OF PLUM POX VIRUS ISOLATES
IN THE CENTRAL UKRAINE

Aim. During the spring of 2016 in three locations of Central Ukraine — Cherkasy, Kyiv
and Yahotyn, we found plum and pear trees displaying foliar symptoms similar to those
causing by an important quarantine pathogen Plum pox virus (PPV), and cherry trees
showing symptoms typical for Apple mosaic virus (ApMV) — one of the most widespread
viruses which can infect over 65 plants species of Rosaceae family. The aim of this study
was to perform detection, identification and molecular analysis of viruses causing diseases
symptoms found by us on fruit trees in Central Ukraine. Methods. Total RNA extracted from
leaves of infected and healthy plants was used to generate cDNA with known PCR primers
as well as with own primers designed by «Primer3» sofiware. The amplified DNAs of Cp
gene fragments of ukrainian PPV isolates were sequenced by Sanger dideoxy sequencing
method and were compared with those available in GeneBank. The comparison and
molecular analysis of virus isolates were performed using BLAST, MultAline and MEGA
6 softwares, and a set of own a simple computer programs (utilities), tightly specialized for
the solution of a narrow objectives of sequence analysis. Results. The primers have been
developed for Plum pox virus detection proved to be effective for revealing and molecular
diagnostic of PPV in three regions of the Central Ukraine. Using these primers three
PPV-D isolates, named seq, seq2, seq3, have been selected from pears in Cherkasy (seql)
and from plums in Yahotyn (seq2) and Kyiv (seq3). According to sequence comparison of
181-base Cp gene fragments, the plum isolates seq2 and seq3 turned out to be identical
among themselves and have 95.6% sequence identity to pear isolate (seql). Ukrainian
isolates obtained have shown high identity (95 - 99.4%) with all of 33 PPV-D isolates
from different countries and host plants tested in our study. The 181-base sequences of
these isolates contain 30 nucleotide replacements concerning seql sequence. The vast
majority of replacements (27 of 30) are synonymous and do not cause of amino acid
substitutions in the viral coat proteins. PPV-D isolates form 6 groups of members with
identical nucleotide replacements, which remind Vavilov'’s homologous series of heritable
variation of morphological traits. Conclusion. The primers have been developed were
successfully used for detection of PPV-D isolates from pear and plum trees in three regions
of Central Ukraine. It is the first time the PPV has been reported in Cherkasy.Our studies
provide information about spreading PPV isolates, that can be valuable in understanding
the epidemiological role of this virus. Groups of identical nucleotide replacements,
revealed by us in Cp gene sequence fragments of different PPV isolates, remind Vavilov's
homologous series of heritable morphological traits, and are of interest for clarification
of the molecular basis of hereditary variation and parallel mutations.

Keywords: Plum pox virus, sharka, ukrainian isolates of Plum pox virus, groups of
virus isolates with identical nucleotide replacements

Sharka is the most damaging viral disease of stone fruit trees caused by
Plum pox virus (PPV) — a member of the genus Potyvirus in Potyviridae
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family. Sharka is widespread virus infecting mainly plums: (Prunus domestica),
Damson plums (Prunus insitia), apricots (Prunus armeniaca), peaches (Prunus
persica), and blackthorns (Prunus spinosa). This virus reduces fruit yield and
quality. It also shortens the productive lifespan of orchards and can render
stone fruit trees useless for fruit production. Even symptomless trees produce
reduced fruit quantities. The economic impact of PPV to the peach, plum and
apricot industry worldwide is estimated to be $600 million per year [1]. PPV
is an EPPO (European and Mediterranean Plant Protection Organization)
A2 quarantine pest. It is also considered to be a quarantine pest by IAPSC
(International Association of Professional Security Consultants) and NAPPO
(North American Plant Protection Organization).

Plum pox symptoms were first observed in Bulgaria between 1915 and
1918 and in the early 20th century Bulgarian researcher proof. D. Atanassov
for a first described the reason of disease — PPV [2]. The virus spread across
most of Europe by the 1970s. In the late 1990s, PPV had spread in many other
countries in the eastern hemisphere. The disease has not been reported yet in
California (USA), Australia, New Zealand and South Africa [3].

Nine strains of the virus are known: PPV-An, PPV-C, PPV-CR, PPV-D,
PPV-EA, PPV-M, PPV-Rec, PPV-T and PPV-W. The strains differ by nucleotide
sequence of genomic RNA, antigenic and epidemiological properties,
geographical prevalence, host range, and pathogenicity for different species of
stone fruit crops [4]. PPV strains are characterized by relatively low intra-strain
diversity (reaching 1.1 - 3.9% at the nucleotide level for full-length genomes,
except for PPV-W, where the divergence reaches 7.9%) and by comparatively
high between-strains diversity (4.4 - 22.8 %) [5].

In Ukraine virus was first found in 1967 [6]. Currently, PPV is detected
in 8 regions of Ukraine (Vinnitsa, Ivano-Frankivsk, Lviv, Mykolaiv, Odessa,
Ternopil, Chernivtsi) and the Crimea [7]. By the Roy and Smith (1994) [8]
Ukraine belongs to the central and eastern countries zone in which PPV spread
relatively early and infection levels are generally high. During the last years it
was shown the presence of PPV in stone fruit plantations in different regions
of Ukraine and admitted a tendency of its fast distribution through the country
and on the southern coast of Crimea [6, 7].

To date only D (Dideron) strain isolates have been found infecting trees in
Ukraine [9] and there are no data on the presence of the virus in cherries.

The aim of this study was to conduct diagnostic, identification and molecular
analysis of viruses causing PPV infection symptoms of fruit trees found by us
in Central Ukraine.

Materials and metods. The leaves displayed typical viral infection symptoms
were selected from the plum (Prunus domestica), cherry (Prunus avium) and
pear (Pyrus communis) single grown trees in green plantations of the central
Ukrainian region — Cherkasy, Kyiv and Yahotyn during the spring of 2016.

Total plant RNA was extracted from PPV infected or healthy leaves using
the «RIBO-sorb kit» and «Reverta-L-100» (AmpliSens, Russia) was used to
generate cDNA with PPV specific primers according to the manufacturer’s
instructions.

For the general detection of PPV we have developed PCR primers (PPV1
and PPV2), which amplifies a 181 bp fragment of 3’-end coat protein gene.
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PPV strain determination of the Ukrainian isolates was performed by RT-
PCR with PPV-W and PPV-D strain-specific primers we designed.

To search for nucleotide sequences of various PPV isolates the NCBI
database was used (http://www.ncbi.nlm.nih.gov). Alignment of nucleotide
sequences was performed using the software «MultAline» (Multiple sequence
alignment) (http://multalin.toulouse.inra.fr/multalin/). The sets of primers were
designed using software «Primer3» [10].

For the direct detection of Plum pox potyvirus-cherry subgroup we used
specific oligonucleotide primers PPV-SoC [11]. «OligoAnalyzer 3.1» was used
to evaluate physical properties of primers.

The reaction mixture for the PCR (a volume of 20 ul) contained: 1 x PCR
buffer with 1.5 mM MgCl,, 0.2 mM dNTPs, 10 - 50 ng of cDNA, 0,5U Taq
polymerase. All primers were used at final concentration of 5 pmol per 20
ul in PCR reaction. The amplification was performed in DNA Thermocycler
“Tertsyk” TP4-PCR-01.

Table 1.
Molecular characterization of primers for PPV identification
Pr¥mers . Oligonucleotide primer Annealing | Amplicons
annealing points Name sequences .
53 temperature size

9148 - 9167

(HG964686.1) PPV1 (F) tcaatggaatgtgggtgatg
181 bp

9309 - 9328 PPV2 (R) cgctgaattccatacctt
(HGY64686.1) gcte g8

9382 - 9401
(HG964686.1) PPV-W1 (F) cctcgacaacacctgttagg

9556 - 9576 195 bp
(HG964686.1) PPV-W2 (R) gagaccactacactcccctca

55-60 °C

9382 - 9401 PPV-DI (F) acttcaacgacacccgta

(HG964686.1) & & &
197 bp

9356 - 9576 PPV-D2 (R) agaccactacactcccectca
(HGY64686.1) £ag

1508 - 1527 aaaaggaccaaccgagaggt
(HG328280.1y | APMVI(E)

1599 - 1616 gcggegaaattcgtctta 109 bp
(HG328280.1) | APMVZ (R)

For all primer sets, the same cycling conditions were used: denaturation
at 94°C for 5 min, 35 cycles of amplification (94°C for 30 s, 60°C for 30 s,
and 72°C for 30 s), and a final extension at 72°C for 7 min. All PCR products
were analyzed by nondenaturing electrophoresis in 1,5% (w/vol) agarose gel
and ethidium bromide (0.5 mg/ml) staining. The «kDNA Sorbo» (AmpliSens,
Russia) was used to purify DNA fragments from agarose gels.

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, MultAline and MEGA 6 softwares,
and a set of own a simple computer programs (utilities), tightly specialized for
the solution of a narrow objectives of sequence analysis [12].
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For comparative analysis the 38 nucleotide sequences belonging to PVV-D
strain were retrieved from GenBank (Tabl 2).

Results and discussion. In the spring of 2016 the disease incidences were
recorded at the three locations of the Central Ukraine. The samples were
obtained from homeowner-grown gardens located in Cherkasy, Kyiv and
Yahotyn. It should be noted that in these locations the PPV infection had not
been previously reported. The leaves of plum, pear and sweet cherry showing
PPV-like symptoms — chlorotic spots, bands or rings, vein clearing, leaf
deformation (Fig. 1) were sampled from six different branches of the tree
and analyzed for PPV infection. Also for the analysis the leaf samples of the
outwardly healthy trees were collected. The orchards under the study were
young — 4 - 5 years old.

Fig. 1. Symptoms on leaves of plum (a - c), pear (d, e) and sweet cherry (f) plants

Using RT-PCR methods with general primers the virus was detected in
analyzed samples of plum and pear leaves with typical sharka symptoms. After
separation of amplification products on agarose gels PCR fragments of the
expected size (181 bp) were obtained (Fig. 2).

Virus diseases of sweet cherry were observed in private cherry orchards
of Yahotyn (Kyivsky region). The plants showed severe symptoms, including
mosaic, yellow to creamy line pattern, diffused chlorotic rings and spots. Being
that the symptoms on the leaves were very similar to the symptoms caused by
Apple mosaic virus (ApMYV), a RT-PCR with specific primers has been applied
to the detection of this ilarviruses. The results of the analysis show that isolate
from cherry tree failed amplification neither with Plum pox mosaic virus
(PPV1, PPV2) specific primers nor Apple mosaic virus (SoC-2) ones. Both
viruses were not detected in the samples. Even though our tests were limited
of two cherry viruses, the results obtained suggested that further investigation
on Ukrainian PPV isolates and viruses infecting sweet cherry is necessary and
should be carried out more thoroughly.
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Fig. 2. Agarose gel electrophoretic analysis of RT-PCR amplification products from
leaf samples infected with PPV isolates. Lane M — O’GeneRuler™ DNALadder,
#SM 0241 (Fermentas); lane 1 — isolate from pear (Cherkasy); lane 2 — isolate from
plum (Yahotyn); lane 3 — isolate from plum (Kyiv); lane 4 — isolate from cherry tree
(Yahotyn); lane K — negative control. The PPV-specific primers PVP1/PVP2 were used.

In order to differentiate PPV strains RT-PCR with subgroup specific primers
enabling direct discrimination of PPV-D and PPV-W isolates was done. PPV-D
strain specific primers produce amplicons with expected size 197 bp (Fig. 3).
Thus, the molecular analyses have confirmed the presence of the PPV-D strain in
all prunus and pear hosts. No Amplification was observed with primers, specific
to PVP-W virus strains. Thus, PCR-based identification and strain typing
confirmed that PPV-D strains were present in different prunus and pear hosts.
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Fig. 3. Agarose gel electrophoretic analysis of RT-PCR amplification products from leaf
samples infected with PPV isolates. Lane M — O’GeneRuler™ DNALadder, #SM 0241
(Fermentas); lane 1D, 1W — isolate from pear (Cherkasy); lane 2D, 2W — isolate from

plum (Yahotyn); lane 3D, 3W — isolate from plum (Kyiv); lane K — negative control. The

PPV-W1/W2, PPV-D1/D2 primers were used

In the present work, the partial genome sequence covering 181-base
fragment of CP coding regions of three PPV isolates were aligned with the
respective sequences of PPV-D strains available in the GenBank database.
Sequence comparisons for a PCR fragments of pear isolate from Cherkasy
(seql) and plum isolates from Yahotyn and Kyiv (seq2, seq3) showed a very
high nucleotide identity between themselves and with those of available in
databases. All studied isolates was separated into one clade and clustered

ISSN 0201-8462. Mixpobion. scypu., 2017, T. 79, Ne 3 119



together with each other strongly reducing efficiency of the phylogenetic
analysis using the popular MEGA 6 program.

For this reason in our work also was used a set of own a simple computer
programs (utilities) tightly specialized for the solution of specific objectives
of comparative sequence analysis such as definition of types, positions and
number of nucleotide replacements etc [12].

It was established that the selected 181-base PCR fragments seql, seq2 and
seq3 contain the TAG terminal codon (the end of coat protein gene) and the
first 8 nucleotides of the 3’ untranslating region. Plum isolates from Yahotyn
and Kyiv (seq2 and seq3) turned out to be identical among themselves and
have shown 95.6% of identity to pear isolate from Cherkasy (seql). The seql
have the most high level of identity (99.4%) with another ukrainian isolate
KJ914573.2, which have replacement of G by A in 26 position (Table 2,
number 2). A high level of seql identity is observed also: with turkey peach
(KX423945) and plum (KX423949) isolates (96.7%; 4, 1, and 1 nucleotide
substitutions within three sequence fragments; Table 2, numbers 6 and 7);
with ukrainian isolate KR028389 (96.1%; 3, 1, and 3 nucleotide substitutions,
Table 2, number 3); with our seq2 and seq3 isolates, germanian isolate
Ku508427 and 26 PPV isolates from different countries and host plants (95.6%;
4, 1 and 3 substitutions; Table 2, numbers 4, 5 and 8). The seql identity with
japanese AB560080 and france X56258 isolates is equal to 95.0% (5, 1, 3 and
3, 2, 4 nucleotide substitutions, respectively; Table 2, numbers 9 and 10).

Table 2.
Nucleotide substitution in the Plum pox virus Cp gene fragments

=

= Sequence ? Number ¥

3
TGCGTGCACGTGAAGCTCATATACAGATGAAGGCAGCAGCATTGAGAAATGTTCAGAATC 1
....................................................... a 2

S G ... .. .- B ... ... - .- ... 3

- ... B...PE... B c.. ... .. .. B N a 4,5,6,7,8

CI - - C... ... C...[ .- - .- a 9

..................................... ge . . .. . .HEE. . .. 10

o GTTTATTTGGCTTGGATGGAAACGTCGGAACACAAGAAGAGGACACAGAGAGGCACACCG 1

SO . ... . 2

7‘3 .................................................... Qeelnnn 3,4,5,6,7,8,9
...................... T BT
CTGGTGACGTGAATCGCAACATGCACAACCTCCTCGGTGTGAGGGGAGTGTAGTGGTCTCA |1
.................................................. 2

= ‘- P N 6,7

<l .. .. . N N R R R g 3,459

N e .- I . . IR . . PR . RN | 8
....... TR . . . . [N, . USRS . . GRS . . SN . . RN, . BN, . |10

D 60-nucleotide regions of coat protein gene 3’-end sequences. ? Sequence regions of tested viruses
with identical nucleotides (points), base substitutions (small letters) and the absence of eleven terminal
nucleotides in the KJ914573.2 sequence (11 spaces). 3 Numbers of viral sequences with their accessions:
1 — pear isolate from Cherkasy (seql); 2 — KJ914573.2; 3 KR028389; 4- plum isolates from Yahotyn
(seq2) and Kyiv (seq3); 5 — 26 sequences: AB576049, AB576071, AB576075, AM260934, AY591253,
AY750961, AY953261, AY953266, DQ299538, DQ883816, HG452356, HG452357, IN637991,
KC417483, KJ849228, KJ914573.2, KP198598, KP998124, KR028387, KT595211, KT595213,
KU948432, KX423948, KX423952, X16415, X81079; 6 — KX423945; 7 — KX423949; 8 — KU508427;
9 — AB576080; 10— X56258
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All 32 PPV-D isolates containing a coat protein gene fragments which
correspond to seql, seq2 and seq3 sequences turned out to be highly identical
(95.0 — 99.4%). The vast majority of their nucleotide replacements (27 of 30)
are synonymous which localized in the third codon position and does not cause
of amino acid substitutions in the viral coat proteins. Two nonsynonymous
replacements of G by A in the first codon positions (Table 2, numbers 8 and
10) cause substitution of alanine (GCA) by threonine (ACA), and T by C
replacements in second codon position leading to valine (GT*) by alanine
(GC*) substitution (Table 2, number 10).

The PVV isolates analyzed form 10 groups, which contain from 2 to
26 members with identical nucleotide replacements. This phenomenon
reminds Vavilov’s homologous series of heritable morphological traits. [13].
Elucidations of molecular basis for Vavilov’s homologous series are, currently,
restricted to only few studies on variation of meiosis [14], rare amino acid
replacements [15] and analysis of important plant traits on the gene level [16].
These experiments were conducted on eukaryotic organisms. The groups of
virus isolates containing identical nucleotide replacements and reminding
Vavilov’s homologous series are presented in this report.

The reason of homologous series, according to our assumption, may be the
existence of several genetic codes within each genome [17, 18]. So a mutation
possibility is strongly limited to some gene regions because of participation
of many gene nucleotides in conservative (functionally important) sites of
different genetic codes coexisting within genomes.

Conclusion.The primers for Plum pox virus detection and identification
by RT-PCR assay have been developed and their affectivity was proved in our
investigation. Using these primers three isolates (seql, seq2 and seq3) of Plum
pox virus originating from Prunus domestica L., Prunus avium L. and Pyrus
communis L. trees have been revealed in the Central Ukraine. It is the first time
the PPV has been reported in Cherkasy region. The presence of PPV was not
detected in the plum and pear trees surrounding the diseased ones and in the
cherry trees showing diseases symptoms.

Our studies provide information about spreading PPV isolates in the
Central Ukraine that can be valuable in understanding the epidemiology of this
virus. Plum isolates from Yahotyn and Kyiv (seq2 and seq3) turned out to be
identical among themselves and have shown 95.6% of identity to pear isolate
seql from Cherkasy. All ukrainian isolates turned out to be highly identical
(95.0 — 99.4%) to PPV-D isolates from different countries and host plants
containing a coat protein gene fragments, which correspond to seql, seq2 and
seq3 sequences. The vast majority of their nucleotide replacements (27 of 30)
are synonymous, localized in the third codon position and does not cause of
amino acid substitutions in the viral coat proteins.

Nucleotide replacements of the PVV isolates analyzed remind Vavilov’s
homologous series of hereditary variations. The reason of this phenomenon,
according to our assumption, may be a rigorous restriction of a mutation
possibility to some gene regions because of participation of many nucleotides
in conservative (functionally important) sites of many genetic codes coexisting
within genomes [17, 18].
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! Inemumym mikpobionocii i ipyconoaii im. J{.K.3a6onomnozo HAH Ykpainu,
6y1. Axademika 3abonommnoeo, 154, Kuis /[CI1, /03680, Yxpaina,
? HayionansHuil yrisepcumen 6iopecypcie i npupodoKopucmyeants Yxpaiuu,
syn. I'epoie Oboponu, 15, Kuis, 03041, Yxpaina
TUITYBAHHSI I30JISITIB BIPYCY HIAPKHU CJIUB, BUSIBJEHUX
B HEHTPAJIbHIN YKPATHI
Pesome

Merta. Hagecni 2016 p. B Tppox perionax LlenTpansroi Ykpainu — Uepkacax, Ku-
€Bi Ta SIroTuHi, HaMu BUsIBIEHI (PYKTOBI JiepeBa CIMBM Ta TPYIIi 3 CHMIITOMaMH ypa-
JKEHHS, XapaKTepHUMH U1 KapaHTHHHOTO IaToreHa — Bipycy mapku ciausu (Plum pox
virus, PPV), a Takox nepeBa BUIIHI 3 CHMITOMAMH YPaKCHHS BIpyCOM MO3aiK sOIyHi
(Apple mosaic virus, ApMV), natoreHHUM /15t O1IbIe, HK 65 BUIB POCIUH POTUHU
Posousitux. Mera 1i€i poOOTH — MPOBECTH IIarHOCTHKY, 1ICHTH(IKALIIO Ta MOJICKYJISIP-
HUH aHaJi3 BipyCiB, M0 BUKJIMKAIOTh BUSBICHI HAMH CHMITOMH YPaXCHHS (PPYKTOBHX
JiepeB B eHTpasibHiK yacTuHi Ykpainu. Metoau. Toransny PHK, excrparoBany 3 JincTkiB
iH(iKOBaHUX 1 3TOPOBHUX POCIIHMH, BUKOPUCTOBYBaM s oTpuManss kJJHK 3a gomomo-
roro Bimomux [1JIP mpaiimepiB, a TakoK BIaCHUX MpaitMepiB, pO3POOICHHX 32 IIPOTPaMOI0
«Primer3». Ammui¢ikoBani ¢pparmentu JJHK rena Cp ykpaiHCBKHX 130JI5TiB BIpYCy CEK-
BEHYBAJIM METOJOM Sanger i MOpiBHIOBAIH 3 aHAJIOTIYHUMH CHKBEHCAMHU 3 TEHETHYHOL
6a3u GeneBank. /[t TOpiBHSUTFHOTO Ta MOJEKYISPHOTO aHANI3Y i30JIATiB BipyCiB BHKO-
pucroByBanu komi totepHi nporpamu BLAST, MultAline Ta MEGA 6, a Takox HU3KY
BIIACHUX KOPOTKHX Tporpam (YTHIIIT), By3bKO CHEIliali30BaHUX JJIs KOHKPETHHUX 3a7a4
aHarizy cukBeHciB. Pesyabrarn. [Ipaiimepn, po3pobieHi s tumyBanas PPV, susBuiich
e(eKTUBHUMHU IJIsl BUSIBIICHHS 1 MOJICKY/ISIPHOT A1arHOCTUKH I[bOTO BIPYCY B TPHOX pEri-
onax llenTpanpHoi Ykpainu. 3a 10MOMOTOI0 UX MpaimepiB Tpu i3omstu PPV-D (seql,
seq2, seq3) Oynm BuAiieHi 3 rpym y Yepkacax (seql), a Takox i3 cnuB B ArotuHi (seq2) Ta
Kuesi (seq3). 3a mopiBHsiHHSIM cukBeHCIB 181-Hykineornaunx gparmentis rena Cp i305sTH
seq2 i seq3 BUSBWIKNCH IIGHTUIHUMH MK COOOI0 1 OJIM3BKO CIIOPITHEHUMH H 3 130JI5TOM
seql. Buaineni ykpaiHCBKi 130J15ITH MAlOTh BUCOKY ieHTHUHICTB (95 — 99,4%) 3 ycima
33-ma i3ossitamu PPV-D 3 pi3HUX KpaiH CBITY 1 pi3HUX POCIHH-Xa3s1B, IPOTECTOBAHUMHU
Hamu. 181-HYKIEOTHIHI CUKBEHCH 33-X 130J14TiB MIiCTITh 30 3aMiH HyKJIEOTHIiB BITHOCHO
cukBency seql. [lepeBaxna OinpricTs 3amiH (27 3 30) € CHHOHIMIYHUMH 1 HE BUKITUKAIOTh
3aMillleHb aMIHOKHCIIOT Y BipycHUX Oinkax. [3omsitu PPV-D yTBOprorots 6 Tpym npeacras-
HUKIB 3 OJTHAKOBUMH 3aMiHAMHU HYKJICOTH/IIB, 110 HAraJy€e rOMOJIOTIUHI Cepii CraKoBOi
MIHJIMBOCTI MOPQOIOTiYHNX 03HaK, BimkpuTi H.I. BaBunosuMm. BucnoBku. [Ipaiimepn,
Ppo3pobiieH] HaMu, BUSBUIIMCH €(peKTUBHUMU JUIst AeTekii i3oss1TiB PPV-D 3 pociun rpym
i cimB y Tphox perionax Llentpanbnoi Yipainu. HasBricte PPV B Uepkachkiii ob6macTi
BIIEpIIIe BUSIBIICHO HaMU. OTpHMaHi 1aHi € BOKITUBUAMH I PO3YMIHHS €ITiIeMiOoOTi9HOT
poui poro Bipycy. BusiBieni Hamu rpynu i3oistiB PPV 3 onHakoBHME 3aMiHaMu HyKIIe-
OTH/IIB HAraayTh cepii OMHAKOBHX MOP(hOIOriuHuX 03HaK, Bigkputi H.I. BaBumoBum, i
SBIISIIOTH IHTEpEC JUIA 3’ SICYBaHHS MOJICKYJISIPHUX OCHOB JIETepMiHaIlii TOMOJIOTIYHHX Cepii
CIaJIKOBOT MIHJIMBOCTI Ta MapajelbHUX MyTaIlii.

Kmiouosi crosa: Plum pox virus, sharka, Bipyc mapku ciuBu, yKpaiHCKI 130J5TH BipyCy
MIapKH, TPYTIH 130IIATIB BIpyCy 3 iICHTHIHUMH 3aMiHAMHU HYKJICOTH/IIB.
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Kupuuenxo A.H.', ll]epoamenxo H.C.', Aumunos H.A. ,’ I'punuyx’ K.B.

! Hnemumym muxpobuonoeuu u eupyconozuu um. [.K.3a6oromnozo HAH Yrpaunul,
. Akademura 3a6onomnoeo, 154, Kuee /ICII, JJ03680, Vkpauna,
2Ha14u0HaﬂbeuZ YHUsepcumem 6u0pecypcoe u leupO()OnOﬂbS’OBaHHﬂ YKpaqul,
. I'epoes Oboponul, 15, Kues, 03041, Yxpauna
TUIIMPOBAHUE N30JIATOB BUPYCA IIIAPKU CJIUB,
OBHAPYKEHHBIX B [IEHTPAJIbHON YKPAUHE
Pesome

Leanb. Becnoii 2016 r. B Tpex pernonax LlenrpansHoit Ykpaunsl — Yepkaccax, Kuese
u SlrotuHe, HaMU BBISIBICHBI (PPYKTOBBIE JCPEBBS CIMBBI U IPYIINM C CHMIOTOMaMH I10-
paKeHHUsI, XapaKTepHBIMH Il KAPAaHTUHHOTO MaTOreHa — BUpyca mapku ciaussl (Plum
pox virus, PPV), n nepeBbsi BUIIHA ¢ CUMITTOMaMH TTOPa’KEHUST BUPYCOM MO3aHMKH 10710~
Hu (Apple mosaic virus, ApMV), maroreHHbIM Jijis OoJiee 65 BHIOB PACTCHHUU CEMEii-
ctBa Po3ouserHbIX. Llenp ganHON pabOThl — IPOBECTH AUATHOCTHUKY, HICHTU(PHUKALUIO
1 MOJICKYJISIDHBIM aHaJM3 BUPYCOB, BHI3BIBAIONINX BBISIBICHHBIE CHMIITOMBI ITOPaXKe-
Husi. Metoasl. Toransnyro PHK, skcTparupoBanHyIo U3 JHCThEB WHOHUIMPOBAHHBIX U
3/I0POBBIX pacTeHUH, ucnoib3oBaiu i noayuenus kK IHK ¢ momompto nzsectusix I11IP
IpaiiMepoB, a TakKe COOCTBEHHBIX MTPaiiMepOB, pa3pabOTAHHBIX TIOCPEICTBOM ITPOTPAMMBI
«Primer3». Ammmudumposannsie ¢pparmentsl JJHK rena Cp yKkpanHCKUX U30JISTOB BU-
pyca CEeKBEHHPOBAIN METOOM Sanger U CPaBHUBAIIN C aHAJIOTHYHBIMHI CUKBEHCAMHU M3 Te-
Hernuaeckoi 6a3pl GeneBank. JIist cpaBHUTETBHOTO MOJICKYIISIPHOTO aHAJIN3a N30JIATOB BHU-
PYCOB ucIoNb30Bau KomrbtorepHbie mporpammbl BLAST, MultAline 1 MEGA 6, a Taxoke
Habop cOOCTBEHHBIX KOPOTKHUX MPOrpaMM (YTHIIUT), Y3KO CHEIMAIM3UPOBAHHBIX JIJIS Pe-
IIEHHsI KOHKPETHBIX 3371a4 aHan3a CHKBeHCOB. Pe3yibrarsl. [Ipaiimepsl, pazpaboTaHHbIe
quist TunupoBanusi PPV, okazanuch 3 eKkTHBHBIMY ISl BBISIBICHUS U MOJICKYJISIPHOM [T~
ArHOCTHKH JAHHOTO BUpPYyca B TpeX pernoHax LlenTpanbHoit Ykpanusl. C MOMOIIBIO 3TUX
mpaiimepoB Tpu m3omsata PPV-D (seql, seq2, seq3) ObITH BRIIETCHBI U3 TPy B Yepkaccax
(seql), a Taxxe u3 ciauB B SArorune (seq2) u Kuese (seq3). [Ipu cpaBHEeHUH CHKBEHCOB
181-aykneornaabix GpparmenToB reHa Cp H30JATHI seq2 1 seq3 0Ka3aIuch UACHTHIHBIMU
Mexay co0oil m OJXM3KO POACTBEHHBIMH M3OJATY seql. BhigeneHHblE yKpanHCKHE
H30JIATHl UMEIOT BBICOKYIO0 MIACHTHYHOCTH (95 — 99,4%) co Bcemu 33-Ms u3oisITaMU
PPV-D u3 pa3HbIX cTpaH MUpa U Pa3HbIX PACTEHUN-X035€B, MPOTECTUPOBAHHBIMU HAMH.
181-HyKI€OTHAHBIE CUKBEHCHI 33-X U30J51TOB cozepkar 30 3aMeH HyKJIE€OTHI0B OTHOCHU-
tenbHO seql. [Topasnsromee 60abIIMHCTBO 3aMeH (27 u3 30) SBISIOTCS CHHOHUMHYHBIMH 1
HE BBI3BIBAIOT 3aMENICHUI aMUHOKHCIIOT B BUPYCHBIX Oenkax. Mzomsater PPV-D oGpasyror
6 TpymII, IpeCTaBUTEIN KOTOPBIX HMEIOT OTMHAKOBBIC 3aMEHBI HYKJICOTH/IOB, YTO HATIOMH-
HaeT FOMOJIOTHYECKHE CEPUH HACIIEACTBEHHON N3MEHYMBOCTH MOP(OIOTHYECKHX TPH3HA-
k0B, oTKpbIThIe H.W. BaBunoseiM. BeiBoabl. [Ipaiimepsl, paspaboTanHbie HAMHU, OKa3aJIUCh
3¢ PEKTUBHBIMA [T JeTeKINUH U301T0B PPV-D 13 pacrenwmii rpymr u cIiMB B TPEX peru-
onax llenTpansHoit Ykpannsl. Hamuune PPV B Uepkacckoit o0nacTy BIiepBbIe BBISIBICHO
Hamu. [lomydeHHble TaHHBIE SBISIOTCS BaKHBIMU AJIs1 IOHUMAHUS SIHIEMUYECKON poin
JTAaHHOTO BHpYyca. BhIsBIeHHBIE HAMU TpymITsl n3051T0B PPV ¢ oimHakoBEIMU 3aMeHaMH
HYKJIEOTUAOB NPECTABISIOT HHTEPEC IS BBIICHEHUS MOJIEKYISIPHBIX OCHOB JI€TePMUHA-
LMY TOMOJIOTHUECKHUX CEPUil HACIEACTBEHHON N3MEHYMBOCTH U NAPaJICTbHBIX MyTalui.

Kniouesvie cnosa: Plum pox virus, sharka, Bupyc mapku ciamuBbl, YKpauHCKHE H30JISTHI
BHpYyCa LIapKH, TPYMIIbI U30JIATOB BUpYyCa ¢ UACHTUYHBIMU 3aMEHAMU HYKJIEOTUIOB.
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