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Introduction

Purpose. Current research was aimed at establishing the strain attribution of Ukrainian isolates of Zucchini
yellow mosaic virus (ZYMYV) and their occurrence in Ukraine. Methods. Visual examination, DAS-ELISA,
RT-PCR, DNA sequencing, and phylogenetic analysis. Results. Plants from Cucurbitaceae family were
checked for the presence of ZYMYV antigens. DAS-ELISA showed that 41 % of examined cucurbit plants were
infected by ZYMV. The infected plants were detected in agroecosystems of Vinnytsia, Zaporizhzhia, Kyiv,
Poltava and Cherkasy regions. cDNA of 605 bp corresponding to the Nib/CP genome region of ZYMYV was
obtained using RT-PCR. Phylogenetic analysis of the nucleotide sequence of the Nib/CP region of Ukrainian
isolates was conducted. Conclusions. The identification of infected plants in 5 of 9 inspected agroecosystems
suggests high prevalence of the ZYMYV infection in Ukraine. The topology of a reconstructed phylogenetic tree
confirmed the previously established clustering of ZYMYV isolates into three groups. The phylogenetic posi-
tioning of the Ukrainian ZYMYV isolates on this tree demonstrates that they belong to a subgroup I of group A.
This group is the most numerous group, which consists of members of different geographic origins. The
ZYMV isolates circulating in Ukraine were found to be nearly identical: their levels of pairwise identity range
from 99.7 to 100. They have a monophyletic origin with the European isolates from Austria (AJ420017),
Slovenia (AJ420018), Serbia (HM072432), Hungary (AJ459955), Slovakia (DQ124239). The levels of pair-
wise identity between the Ukrainian and European isolates range from 94.3 to 100 %.
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ilies. However, only the members of Cucurbitaceae
family develop severe symptoms [2]. An occurrence

Zucchini yellow mosaic virus (ZYMYV) is one of the
most economically dangerous viruses for all cucur-
bit crops. Thus, a biological, serological and molec-
ular characterization of this virus is of great impor-
tance. ZYMYV is widespread on all continents except
Antarctica.

ZYMYV belongs to Potyvirus genus of Potyviridae
family. It was first described in Italy in 1973 [1].
ZYMV infects 15 plant species from 7 different fam-

of ZYMV was reported from more than 50 coun-
tries. It causes yield losses ranging from 25 to 50 %
depending on the pathogenicity of the virus strain.
The symptoms include mosaics and yellowing leaf
blade [3]. Knobs appear on fruits. Notably, in
Ukraine this virus was first detected approximately
10 years ago [4].

The nucleotide sequences of approximately 400
strains and isolates of ZYMV were published in
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GenBank. The nucleotide sequences of the coat pro-
tein (CP) and polymerase (NIb) genes as well as the
amino acid sequences of their products are commonly
used to establish a phylogenetic relationship between
ZYMV strains. According to the literature data, the
N-terminal part of CP is more variable than the
C-terminal part of the NIb genome region [5].
Moreover, the selection pressures were shown to be
different: it was ten times higher for the C-terminal
part of NIb than for the variable N-terminal part of CP.

According to the topology of phylogenetic tree
built using the Nib/CP genome region, the ZYMV
isolates form three distinct groups: A, B and C [5].
Group A consists of three clusters supported on the
phylogenetic tree by bootstrap of relatively high val-
ues . Cluster I includes the most frequently detected
strains. Most of them belong to the serotype 1. The
proposed referent strain of this subgroup is ZYMV-
NAT. Cluster II is not supported by high bootstrap
values. However, three different methods of phylo-
genetic analysis estimated the distinction of this
cluster. The members of cluster II cannot be distin-
guished by serological tests, since all mutations in
the coat protein gene sequences are synonymous; the
amino acid sequences are identical. The strains of
cluster III are presented by a small proportion of the
ZYMYV isolates, which were detected on four conti-
nents and connected with the strains of other clusters
from Austria, Italy and Spain [5].

Group B includes one cluster consisted of five iso-
lates from Reunion and neighboring islands, which
differ from other isolates [5, 6]. Group C consists of
several Chinese, Polish and Australian isolates.

Viral infection leads to an increase in the number
of infected plants, decreases the quality of fruits and
causes losses of yield. As ZYMYV are widespread in
the world, it is important to analyze phylogenetic re-
lationships between Ukrainian isolates and the re-
ported strains of this virus to propose possible ways
of ZYMV dissemination from other countries to
Ukraine as well as from Ukraine to other countries.

The purpose of current study was to establish the
strain attribution of Ukrainian isolates of ZYMV and
to examine their occurrence in Ukraine.
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Materials and Methods

Plant samples were collected following the visual
examination of virus symptoms. The equal number
of samples was collected from each location. Plant
material was homogenized in 0.1 phosphate buffered
saline (PBS), pH 7.4, 1:2 (m/v). Plant components
were removed by centrifugation at 5000 g for 20 min
at 4 °C using centrifuge PC-6 [7]. The supernatant
was taken for diagnostic tests. Double-antibody
sandwich enzyme-linked immunosorbent assay
(DAS-ELISA) was used for detection of viral anti-
gens. DAS-ELISA was performed using commercial
test system of Loewe (Germany) according to the
manufacturer’s recommendations. The ELISA re-
sults were read at 405/630 nm using microplate read-
er Termo Labsystems Opsis MR (USA) with Dynex
Revelation Quicklink software. For obtaining statis-
tically significant results, three times repeated test-
ing of each sample was performed [8]. Arithmetic
mean was calculated for each sample [9].

Total RNA was extracted from plant samples us-
ing RNeasy Plant Minikit (Qiagen, Great Britain)
[10]. Reverse transcription polymerase chain reac-
tion (RT-PCR) was carried out using primers specific
to Nib/CP genome region of ZYMV [5]:

Forward primer
—5'-ATGTCGAGTATCACATTTCC-3";

Reverse primer
-5 GGTTCATGTCCCACCAAGC-3"

These primers are complementary to 8200-8220
and 8800—8819 positions of genome and allow am-
plifing the fragments of 605 bp encompassing the
C-terminal part of Nib coding region and the
N-terminal part of the coat protein coding region.

RT-PCR was performed in the following parame-
ters: 30 min at 50 °C, followed by 30 cycles — 1 min
at 95 °C, 30 s at 95 °C, 30 s at 55 °C, and final cy-
cle — 1 min at 72 °C. RT-PCR products were ana-
lyzed by electrophoresis in 1.5 % agarose gel using
markers Gene Ruller 100 bp DNA Ladder plus
(Fermentas, USA) [11]. Obtained amplicons were
extracted from agarose gel and purified using
Thermo Scientific GeneJET Extraction Kit (USA).
The purified amplicons were sequenced using



Strain attribution of Ukrainian isolates of Zucchini yellow mosaic virus and their occurrence in Ukraine

Applied Biosystems 3730x1 DNA Analyzer with
Big Dye terminators, version 3.1 (Applied
Biosystems, USA).

Finally, we obtained Nib/CP sequences of the fol-
lowing Ukrainian isolates: ZYMV-10G (extracted
from Cucurbita pepo in Poltava region), ZYMV-10P
(extracted from Cucumis melo in Vinnytsia region),
ZYMV-38/14 (extracted from Citrullus lantanus in
Cherkasy region), ZYMV 5/13 (extracted from
Cucurbita pepo in Poltava region) and ZYMV-B (ex-
tracted from Cucumis melo in Cherkasy region). The
obtained nucleotide sequences were compared with
their homologs from the strains reported from differ-
ent countries using NCBI. The nucleotide sequences
were analyzed using MEGA 6 software. The sequenc-
es were aligned by CLUSTAL W. Tree branches were
bootstrapped with 1,000 replications [12].

Results and discussion

126 samples of plants from Cucurbitaceae family
were screened for the presence of viral antigens. The
plant samples were collected in agroecosystems of
differentregions of Ukraine: Vinnytsia, Zaporizhzhia,
Kyiv, Kirovohrad, Odessa, Poltava, Cherkasy and
Chernihiv. Cucurbit plants (cucumbers, squashes,
pumpkins, and zucchini) showed the following
symptoms: puckering, distortion, vein banding, yel-
lowing, filamentary, yellow mosaic on leaf blade;
dark green spots of different size, knobs and malfor-
mations on fruits (Fig.1).

Further, DAS-ELISA was performed for detection
of ZYMV. Antigens of ZYMV were detected in 51
plant samples out of 126. Zucchini yellow mosaic virus
was detected in the mixed infections with Watermelon
mosaic virus-2 and Cucumber mosaic virus.

Fig. 1. Symptomatic plants from Cucurbitaceae family: dark green mosaic on leaf blade of Cucurbita pepo; filamentary of leaf
blade of Cucurbita pepo, light green mosaic on leaves of Cucurbita pepo; knobs and ring spots on fruit of Cucurbita pepo.
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The survey conducted in 9 regions demonstrated
that ZYMV is widespread in the central area of our
country (Kyiv, Vinnytsia, Cherkasy and Poltava re-
gions) as well as in Zaporizza region. ZYMYV infec-
tion was not detected either in the northern (Chernigiv
region) or in the southern (Kirovograd, Odessa re-
gions) areas of Ukraine (Fig.2). These finding allows
a preliminary conclusion that the epidemiological
situation with regard to ZYMYV is likely more favor-
able in the latter regions, although more detailed
studies on the ZYMYV distribution are needed to con-
firm this suggestion. In any case, the detection of
ZYMV infection in five of nine inspected regions
points on a quite high prevalence of ZYMV in
Ukraine.

The total RNA was extracted from the following
plant samples: Cucurbita pepo from Poltava region
(isolate ZYMV-10G), Cucumis melo from Vinnytsia
region, Citrullus lantanus from Cherkasy region
(ZYMV 38/14), Cucurbita pepo from Poltava region
(isolate ZYMV 5/13) and Cucumis melo from
Cherkasy region (isolate ZYMV-B).

The obtained sequences overlap the NIb/CP cleav-
age site at position 8542. This fragment is commonly
used to study the variability of potyviruses, because
the N-terminal part of the coat protein is known to be
highly variable, whereas the polymerase is more
conserved. RT-PCR resulted in amplification of a
cDNA of expected 605 bp.

Further, the obtained amplicons were sequenced
for establishing their phylogenetic relationships. The
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Fig. 2. Incidence of plants from family Cucurbitaceae infected

by Zucchini yellow mosaic virus.
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Fig. 3. The electrophoregram of cDNA obtained in RT-PCR: 1 —
ZYMV 38/14,2- ZYMV 5/13,3 - ZYMV 10P, 4 - ZYMV 10G,
5—-ZYMV B, M — markers (100 bp, Fermentas).

sequences were compared with the Nib/CP sequenc-
es of ZYMV strains and isolates previously reported
in GenBank. The strains and isolates selected for
phylogenetic analysis have different geographic ori-
gin, group attribution, biological and serological
properties. The levels of identity between Ukrainian
isolates and 49 isolates from GenBank ranged from
58 to 100 %. The phylogenetic tree was constructed
using Neighbor-Joining method in MEGA 6 (Fig. 4).

The phylogenetic analysis revealed that Ukrainian
isolates have low level of variability of the Nib/CP
genome region: level of identity between Ukrainian
isolates is 99,7 % .

According to the literature data, all isolates were
proposed to be distinguished into three groups, and
within group A four subgroups were separated by G.
Romay (2014). The topology of resulted phyloge-
netic tree confirmed this grouping: three the most
numerous clusters consisted of four subclusters [6].
Ukrainian isolates were located in subgroup I within
group A. Besides Ukrainian isolates, this subgroup
also included isolates from Austria (AJ420017),
Slovenia  (AJ420018), Serbia (HMO072432),
Hungary (AJ459955), Slovakia (DQ124239) and
Venezuela (JX310104 VE10-303, JX310118 VE10-
279, JX310109 VE10-290, JX310108 VE10-292,
JX310116 VE10-295). The levels of identity be-
tween the members of subgroup I were shown to
vary from 94.3 to 100 %. The ZYMYV isolates circu-
lating in Ukraine have a monophyletic origin with
European isolates.

Subgroup II consisted of isolates from France
(IN861004), Pakistan (AB127936), Taiwan (AF127934,
AF127929), Korea (AJ429071) and China (AJ316228).
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They showed the levels of identity with Ukrainian iso-
lates ranging from 76.1 to 94.3 %.

Subgroup III included isolates from USA (D13914,
HM768195,D00692), France (JN861005, IN861008),
India (GQ251520), Australia (JF792442), Martinia
(IN861006), Spain (DQ645729), China (AF513551),
and Poland (EU561044). Isolates of subgroup III and
Ukrainian isolates shared 90.3 — 94.3 % identity.

Subgroup IV was presented by isolates from
China (AY611022, AF486823), Korea (AF062518,
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AY278998), France (JN861009) and Japan
(AB004640). Levels of identity between them and
Ukrainian isolates ranged from 88.1 to 95.5 %.

Group B consisted of isolates from Vietnam
(DQ925450), Reunion (L29569), Singapore (AF014811)
and Australia (JF 797208, JF 792365, JF 792368, JF
792366). Level of identity between them and Ukrainian
isolates was found to range from 72.7 to 79 %.

Group C included isolates from China (AJ889244,
AF513552, AY074808), Vietnam (DQ92450,

\ Fig. 4. Phylogenetic tree based on nucle-
otide sequences of Nib/CP genome re-
gion of strains and isolates ZYMV. It was
built using p-distance model Neighbor-
Joining method in MEGA 6. Bootstrap
analysis was applied using 500 bootstrap
samples. Numbers at nodes indicate boot-
strap values. The phylogenetic tree was
rooted with Bean common mosaic virus
isolate MS 1 (EU761198). Three groups
(A-C) and, within group A, four sub-
groups (I-IV) are shown.

\> Cluster A
/

Cluster B

Cluster C
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DQ925448, DQ925451) and Poland (EF178505).
Ukrainian isolates showed 58 — 77.8 % identity with
members of this group. The lowest level of identity
was shown with isolates from Vietnam (58 %).

Phylogenetic analysis of Ukrainian isolates points
out that the nucleotide sequence of Nib/CP shared high
level of identity between each other and previously pub-
lished strains and isolates of ZYMV. They showed the
level of identity ranging from 72.7 to 100 %.

Conclusions

Identification of infected plants in five of nine in-
spected agroecosystems suggests quite high preva-
lence of ZYMYV infection in Ukraine. The topology
of reconstructed phylogenetic tree confirmed the
previously established clustering of the ZYMV iso-
lates into three groups. Phylogenetic positioning of
the Ukrainian ZYMYV isolates on this tree demon-
strated that they belong to subgroup I of group A.
This group is the most numerous group, which con-
sists of members of different geographic origin. The
highest levels of identity were revealed between
Ukrainian isolates and isolates from Austria (100 %),
Slovenia (96 %), Serbia (100 %), Hungary (99.4 %),
Slovakia (99.4 %). This fact clearly indicates that
Ukrainian isolates have an European origin. ZYMV
are transmitted by seeds. Contaminated seed mate-
rial may be considered as a possible way of introduc-
tion of new strains in Ukraine as well as from
Ukraine to other countries and continents.
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BceraHoB/IeHHS INTAMOBOI NPUHAJIEKHOCTI YKPATHCHKHX
i30/151TiB Bipycy sk0BTOI M0O3aiKu IYKiHi Ta IX NOIMPEHHs
Ha TepuTOPii YKpainu

B. O. Ligiryn, T. O. Pynuesa, T. I1. llleByenko,
I. T. Byn3aniBcbka, B. I1. [Tomingyk

Merta. BcraHoBuTH IITAMOBY NPHHAICKHICTD YKPATHCHKHX 130151
TiB BIpYCY »KOBTOi MO3iKH IyKiHi Ta JOCTIIUTH IX MOMINPEHHS Ha
teputopii Ykpainu. Metoau. Y po6oti Oyau BUKOPHCTaHI HACTYTI-
Hi METO/IM: Bi3yaJlbHa IiarHOCTHKA, iMyHO(pepMeHTHHH aHati3, 3T-
TIUIP, cukBenyBaHHs Ta (inoreHeTHyHMH aHai3. Pesymbrarm.
Ilepesipeno pocmunn ponuau Cucurbitaceae Ha HassBHICTb aHTH-
TeHiB Bipycy >koBToi Mo3aiku 1ykini (BXKMLI). V pesymsrari mpo-
BEICHHUX JOCTIIKEHb BCTAHOBIEHO, 110 41 % mepeBipeHIX poCInH
pomunn Cucurbitaceae ypaxxeHi BipycoM KOBTOI MO3AiKM ITyKiHi.
BipycingixoBani pocinHu Oyiu HasiBHI B arporieHo3ax BiHHUIIBKOT,
3anopi3bkoi, KuiBcbkoi, [Tontascekoi Ta Uepkacbkoi obnacteil. Y
pesynsrari nposenernst 3T-ILJIP Gyno oTpruMaHO IpORYKTH amIl-
miikamii po3mipom 605 11.0., II0 BiATIOBIZa€ 32 PO3MIPOM JLISHII
reHoMy, sika koxye Nib/CP Bipycy »KoBTOI MO3aikH IyKiHi. 3a pe-
3yJbTaTaMM JAHUX CUKBEHCY TOOY/ILyBaHO (illOreHeTHYHE JepeBO
BUJIIICHUX 130711TiB ZYMV. BucnoBku. [nentudikarist iHdpikosa-
HHX POCIIHH Y 5 13 9 00CcTe)XXyBaHNX arpoleHO31B MOKa3aa IHpPOKe
posmnoBciomkeHust ZYMV B Ykpaini. Torornorist ¢inoreneTnasoro
nepeBa Tokasye, mo 3omatn ZYMV (opMyroTe TpH TpyIIH.
@inoreHeTHYHE TOJIOXKEHHS Ha JEpeBl YKpaiHCHKUX 130JATiB
ZYMV 1okazye ix NpuHAIKHICTh g0 Tpynu A migrpynu 1. L
rpyna € HaifOUIBII YMCENBHOIO Ta il IIPE/ICTABHUKN MAIOTh IHPOKE
reorpagiune nommpeHHs. [3omstu ZYMV, 1Mo 1HMpKYITOTh B
YkpaiHi, BUSBIIUCS ONMU3BKOCIIOPiITHEHI MK cobor0. Bincotox
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IIEHTHYHOCTI MIXK HUMM 3HAXOIUTHCA B Jiarna3oHi Bix 99,7 no 100.
Jani i3omstit ZY MV MaroTh CIIiJTbHE MOXO/PKEHHS 3 €BPOTICHCHKI-
M i3omsaTamu 3 ABetpii (AJ420017), Criosenii (AJ420018), Cep6ii
(HMO072432), Yropuwmnu (AJ459955), CnoBauunnu (DQ124239).
BiZCOTOK iIEHTHMYHOCTI MDK YKpAiHCHKUMH Ta €BPOINEHCBKUMU
130JI9TaMK 3HAXOAUTRLCS B Mexkax Bix 94,3 no 100.

KnwuoBi cJioBa: Bipyc »0BToi MO3aikyl IyKiHi, arpOIIeHO3H,
mraMy, (piOreHeTHYHHI aHaTi3.

Omnpenesenye MTAMMOBBII IPUHALIEKHOCTH YKPAHHCKHX
H30JISITOB BUPYCA KeJITOI MO3aMKH IYKKHHH H UX
pacnpocTpaHeHHe Ha TEPPUTOPUU YKPAHHbI

B. A. Lisuryn, T. A. Pyauesa, T. I1. llleBuenko,
. I'. bynzanusckas, B. I1. ITonumgyk

Heas. Onpenenuts MTaMMOBYIO IPHHAUISKHOCTh YKPAUHCKOH
H30JI1TOB BUPYCA JKEITOI MO3aUKM IyKKUHU M UCCIIENOBaTh UX
pacrpocTpaHeHre Ha TeppuTopun YkpauHel. MeToasl. B padore
OBLTH WCIIONB30BaHbI CICAYIONIHE METOAbI: BU3yalbHasl JIUAarHO-
ctuka, uMmMmyHodepmenTHbIii ananu3, OT-TILIP, cukBeHupoBanue
U ¢duoreHeTnueckuii anaiam3. Pesyabrarel. [IpoBepens! pacte-
Hust cemeiictBa Cucurbitaceae Ha HaIM4YWe aHTUTCHOB BHpyca
xenToi Mozanky ykkuau (BXXMI). B pesynbsrare npoBeieHHBIX
WCCIICIOBAHUI YCTaHOBIICHO, 4TO 41 % TPOBEpPEHHBIX PACTCHUI
cemeiictBa Cucurbitaceae TIOpaK€H BUPYCOM SKENTOW MO3AUKH
LYKKMHH. BUpYCHHUIMPOBAHHBIE PACTEHHST IMENUCH B arpolie-
Ho3ax Bunuuuko#, 3anopoxckoii, Kuesckoit, IlonraBckoit u

UYepxkacckoii obmacreit. B pesynsrare nposenernst OT-TILIP Oputn
MOTyYeHBI MPOAYKTHI aMIDTH(HUKAIIH pazmMepoM 605 11.0., 9To co-
OTBETCTBYET [0 pa3Mepy y4acTKy TeHoma, koxupyromemy Nib/CP
BHpyCa KeNTOM Mo3aumku IyKKWHHU. Ilo pesynsratam JaHHBIX
CHKBEHHPOBAHHS IOCTPOMIIN (DHIIOTEHETUUECKOE JIEPEBO BbIjie-
JIeHHBIX H30JTOB ZYMV. BeiBoabl. Vnentndukarms nabHIHM-
POBaHHBIX pacTeHHi B 5 n3 9 00ciemyeMbIX arpoIieHO30B IToKa3a-
Ja mMpokoe pactpocrpanenne ZYMV B Ykpaune. Tononorus
(DHITOTEHEeTHYECKOTO JIepeBa MOKa3bIBaeT, YTo H30MsIThl ZYMV
¢dopmupytoT Tpu rpymmnsl. dunoreHeTnueckast MO3ULUS HA STOM
JiepeBe M30sTOB ZYMV 1oKa3bIBaeT MX NPHHAIIEKHOCTh K
rpymme A noarpymms! 1. OTa rpynma sBisieTcsi Hanooiee MHOTO-
YHCIICHHON W €e MpEJCTaBUTENN MMEIOT MIMPOKOe Ireorpadude-
ckoe pacnpocrpaHeHue. Jlanuele n3omsatel ZYMV okazanuch
OIM3KOPOACTBEHHBIMH MEXHy coOoi. IIpomeHT uaeHTHYHOCTH
MEXy HUMH Haxomawicst B nuarasone ot 99,7 no 100. U3omster
ZYMYV, nupkynupyronme B YKpauHe, IMEIOT o0Iee POHCXOX-
JIeHHe ¢ eBporelickumu m3omsitamMu u3 Acrprn (AJ420017),
CrnoBennn  (AJ420018), Cepomn (HMO072432), Benrpuu
(AJ459955), Crnosakmu (DQ124239). IlpoueHT MAEHTUYHOCTH
MEXIy YKPaMHCKHMMH M €BPOINEHCKHIMH H30JISITaMU HaXOUTCS B
npezaenax ot 94,3 o 100.

KiarodeBble ¢J10Ba:BUPYC KEITOI MO3AUKH IyKKHHH, IIITAM-
MBI, (DHITOTeHETHIECKNH aHaIH3.
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