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u acoyuayuu Salicetum albae. Tononeesle neca Hu3zosul nolimbl Cynbl omHeceHbl K coto3y Calamagrostio epigei-Populion nigrae u pacnpedens-
romcs Ha dee accoyuayuu, HazeaHue Komopsbix npednazaeM UsMeHUMb coasacHo mpeboeaHuli MexdyHapodHo20 Kodekca ghumocouyuosio2uye-
cKoli HomeHKnamypbl — Ha Galio veri-Populetum nigrae u Strophiostomo sparsiflorae-Populetum albae. Yka3bieaemcs Ha omcymcmeue 8 uccredy-
emMbIx coobujecmeax eudoe pacmeHuli u3 KpacHoli kHuzsu YkpauHbl. HaumeHee mpaHcgopmupoeaHHbie, Haubonbwue no naowadu u 6onee
cmapeble o/IbXx0oeble, Ugoshble U morosieeble ieca kaxdol u3 accoyuayuli mpebyrom 3anoeedaHusi, 8 Mosib3y 4Ye20 ceudemersibcmeyem ux 3Ha4yu-
mesibHasi 80000XpaHHasi Posib.

Knroyesnie crnosa: Querco-Fagetea (Alno-Ulmion), Alnetea glutinosae, Populetea albae, YkpauHa, JlegsobepexHas Jlecocmensb, 6acceliH HUXHeul
Cynbl, CUHMaKCOHOMUS.
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MOLECULAR AND GENETIC CHARACTERISTICS OF SURFACE
AND NONSTRUCTURE PROTEINS OF PANDEMIC INFLUENZA VIRUSES A(H1N1)PDMO9
IN 2015-2016 EPIDEMIC SEASON

The aim of the present study was identifying of molecular and genetic changes in hemaglutinin (HA), neuraminidase (NA) and
non-structure protein (NS1) genes of pandemic influenza A(H1N1)pdm09 strains, that circulated in Ukraine during 2015-2016 epi-
demic season. Samples (nasopharyngeal swabs from patients) were analyzed using real-time polymerase chain reaction (RT-
PCR). Phylogenetic trees were constructed using MEGA 7 software. 3D structures were constructed in Chimera 1.11.2rc soft-
ware.Viruses were collected in 2015-2016 season fell into genetic group 6B and in two emerging subgroups, 6B.1 and 6B.2 by
gene of HA and NA. Subgroups 6B.1 and 6B.2 are defined by the following amino acid substitutions. In the NS1 protein were iden-
tified new amino acid substitutions D2E, N48S, and E125D in 2015-2016 epidemic season. Specific changes were observed in HA
protein antigenic sites, but viruses saved similarity to vaccine strain. NS1 protein acquired substitution associated with in-

creased virulence of the influenza virus.
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Introduction. Influenza viruses are antigenicaly varia-
ble pathogens, capable of continuously evading immune
response. Accumulation of mutations in the antigenic sites
is called the "antigenic drift". In circulating influenza viruses
this antigenic drift is a major process, accumulating muta-
tions at the antibody binding sites of receptor proteins, and
enabling the virus to evade recognition by hosts' antibod-
ies, which often translates into periodic epidemics of influ-
enza. To tame the influenza spread a flexible vaccination
WHO's program, based on periodic production of novel
versions of vaccine, is adapted to the actually prevalent
stain(s). For such programs the data on phylogenesis of
circulating versions of pathogens, and genetic stability of
their hemagglutinin (HA) sets data, could help to rationalize
possible epidemiological measures [1].

This year's seasonal influenza risk assessment identi-
fies type A viruses, in particular A(H1N1)pdmQ9, as domi-
nant thus far in EU/EEA countries. There are strong indica-
tions from some EU/EEA countries that the A(H1N1)pdm09
virus is responsible for the hospitalization of a large num-
ber of severe cases. This includes hospitalizations for se-
vere outcomes for both risk groups and otherwise healthy
young adults. A similar pattern of severity is likely to be
observed in other countries as the season progresses [2].

Matherials and methods. Samples were analyzed us-
ing real-time polymerase chain reaction (RT-PCR). Influen-
za viruses subtype A(H1N1)pdmO09 were isolated in MDCK
and MDCK-SIAT cell culture from samples positive in PCR.
Hemagglutinin (HA), neuraminidase (NA) and non-structure
protein (NS1) gene sequences of Ukrainian isolates were
selected to perform phylogenetic comparisons. Phylogenet-
ic analysis was performed using MEGA 7 software [3]. The
influenza A(H1N1)pdm09 sequences are characterized in a
neighbor-joining phylogenetic tree with reference strains
rooted from the current vaccine strain,
A/California/07/2009-like virus. 3D structures were con-
structed in Chimera 1.11.2rc software [4].

Results and discussion. In this study we compared
nucleotide sequences of influenza viruses HA, NA and NS1
proteins.

Comparison of neuraminidase (HA) genes.

Over the last five years the HA genes have evolved and
eight genetic groups have been designated, with
A/California/7/2009 representing group 1, and viruses in
group 6 have formed clusters designated groups 6A, 6B and
6C. Viruses collected in 2015-2016 season fell into genetic
group 6B and in two emerging subgroups, 6B.1 and 6B.2.
Subgroup 6B and subgroups 6B.1 and 6B.2 are defined by
the following amino acid substitutions in HA1 and HA2.

Most of the viruses had amino acid substitutions that
define the new group of viruses in genetic group 6B, now
called group 6B.1. Isolates had a substitution at one of
these sites N162K resulting in loss of glycosylation site,
acquired by the 6B.1 viruses (fig.1).

Also Ukrainian viruses had substitutions S84N and
I1216T. Three isolates from Khmelnitsky, Kiev and Ternopol
had unique mutation in HA2 — 191V. New substitution S83P
was observed in the majority of viruses from 6B.1 group.
Four isolates from Odessa belonged to group 6B.2. lts HA
protein had a substitution at residue 152 of HA1, V152T.
Substitutions in this region, as well as at residue 152, are
often selected in culture and known to affect the antigenicity
of the virus. Viruses from group 6B.2 also had substitutions
R113K D127E (gain of glycosylation site) and E47Q (HA2).

Gain or loss of N-linked glycosylation sites has been
shown to alter HA protein surface topology. A gain in gly-
cosylation could be advantageous to the virus by virtue of a
masking effect on important antibody recognition sites, thus
potentially modulating viral antigenicity [5]. Observations
are based solely on sequence motifs. For the influenza
A(H1N1)pdm09 specimens characterized in this report, two
mutations, S162N (serine to asparagine) and D127E (as-
paragine acid to glycine acid), were observed that could
cause a gain of a glycosylation motif.
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Fig.1. Phylogenetic tree of the HA gene of influenza A(H1N1)pdm09 viruses isolated during 2015-2016 epidemic season

It is known that the H1 HA molecules have four distinct
antigenic sites: Sa, Sb, Ca, and Cb [6]. As a result, these
sites consist of the most variable amino acids in the HA
molecule of the seasonal human H1N1 viruses that have
been subjected to antibody-mediated immune pressure.
Notably, the Sa and Sb sites that contain many amino ac-

ids involved in neutralizing epitopes near the receptor bind-

ing pockets [6].

In Ukrainian isolates were observed mutations in anti-
genic sites, which emerged in 2015-2016 epidemic season.
The main substitution S162N emerged in Sa antigenic site

and was observed in all isolates from group 6B.1 (fig.2).
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Fig.2. 3D structure of antigenic sites on the HA molecule of Ukrainian isolates

Two substitutions were observed in antigenic site Ca,

A141T - had isolates Ne727 and Ne760 from Khmelnitsky,
S236P — in A/Zaporizza/631/2016. Information about chang-
es in antigenic sites very important for prediction next domi-

nant strains. It is well-documented that antigenic changes of
HA occasionally result in the acquisition of carbohydrate side
chains on the HA molecule [7]. Since the carbohydrate side
chains in the vicinity of antigenic sites mask the neutralizing
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epitopes on the HA surface, amino acid substitutions associ-
ated with acquisition of carbohydrate chains are believed to
efficiently generate antigenic variants.

Compatrison of neuraminidase (NA) genes.

Genetic comparison of influenza virus A(H1N1)pdm
neuraminidase genes shown that all investigated isolates

134v,
N44s,
N200s,
1321V,

VO94A g7

were genetically related to reference strain A/South Afri-
€a/3626/2013 and saved high genetic similarity to vaccines
strain A/California/07/2009. On phylogenetic tree of NA
genes was shown that viruses also divided into two sub-
groups — 6B.1 and 6B.2, as on phylogenetic tree of HA
genes (fig.3).
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Fig.3. Phylogenetic tree of the NA gene of influenza A(H1N1)pdm09 viruses isolated
during 2015-2016 epidemic season

All discovered isolates had amino acid substitutions —
134V, N44S, N200S, 1321V, K432E, except reference
strains. Most of Ukrainian isolates belonged to group 6B.1
and acquired substitutions — V13Il, 134V, V2641, N270K,
1314M. Part of these viruses had mutation V94A.

Group 6B.2 included isolates from Odessa, viruses ac-
quired substitutions V671 (valine to isoleucine), T381I
(threonine to isoleucine). Isolate A/Odessa/68/2016 had
unique acid substitution G395E.

All discovered viruses retain susceptibility to oseltamivir
and zanamivir.

Comparison of non-structure protein (NS1) genes.

Viral NS1 protein plays a central role in counteracting
host cell processes that try to interfere with viral replication.

In 2015-2016 epidemic season in Ukrainian isolates
amino acid substitutions D2E, N48S, and E125D were
identified in the NS1 protein. These mutations were absent
in isolates in 2014-2015 epidemic season. Substitutions
D2E and E125D occurred in 70% Ukrainian viruses and
N48S in 12,5% of sequenced viruses.

Ukrainian isolates 2015-2016 season have been di-
vided into two groups. The second group included 6 iso-
lates from Odessa and 1 isolate from Dnepropetrovsk. In
these group substitutions D2E, N48S, and E125D were
absent, but isolates had unique point substitutions — 118V,
V1291, 1182V (fig.4).

An EpiFlu database search revealed that the frequency
of substitutions D2E and E125D in NS1 protein of influenza
A(H1N1)pdmO09 viruses drastically increased in less than 1
year from 10% in 2015 in the Southern Hemisphere epi-
demic season to 74% in 2015/2016 in the Northern Hemi-
sphere epidemic season [8].

Conclusions. Genetic analysis of influenza
A(H1N1)pdmO09 viruses circulating in Ukraine in the
2015/2016 epidemic season showed that all of them were
similar to the vaccine strain recommended by WHO. Virus-
es had acquired amino acid substitutions in HA molecule
antigenic sites, which can lead to antigenic changes at the
next epidemic seasons. Although new genetic subgroups
have emerged in 2015-2016 epidemic season, the
A(H1N1)pdmO09 viruses received were antigenically similar
to the vaccine virus A/California/7/2009 and retain suscep-
tibility to oseltamivir and zanamivir

Detailed analysis of substitutions in the protein encoded
by internal gene NS1 showed that most of Ukrainian virus-
es acquired specific amino acid changes: D2E, N48S and
E125D. E125D in NS1 is known to be one of the key sub-
stitutions involved in shutdown of host mRNA transport,
restoring inherent disability of A(H1N1)pdmQ9 virus to effi-
ciently control human cell gene expression. NS1 of all sea-
sonal human influenza viruses (H1N1 seasonal and H3N2)
contains D125 that interacts with cellular cleavage and
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Fig.4. Phylogenetic analysis of the NS1 gene of influenza A(H1N1)pdm09 viruses isolated
during 2015-2016 epidemic season

The observed rapid spread of influenza A(H1N1)pdm09
viruses with no significant antigenic changes in HA can be
speculatively explained by increased transmissibility, as
well as by increased virulence or by combination of both.
The possible link between transmissibility or virulence and
described changes in NS1 internal gene in influenza
A(H1N1) pdm09 viruses awaits experimental proof [8].
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0. CmyTbKO, acn.

KuiBcbkuit HauioHanbHUM yHiBepcuTteT imeHi Tapaca LleBuyeHka, KuiB, YkpaiHa,

J1. PaguyeHko, mon.Hayk. cniBpo6., A. MipoHeHKo, A-p MeA. Hayk

Y "lHcTuTyT enigemionorii Ta iHdekuinHUXx xBopo6 imeHi J1.B.M'pomaweBcbkoro, HAMH Ykpaiuun", KuiB, YkpaiHa

MOJIEKYNAPHO-FTEHETUYHI OCOBJIMBOCTI NOBEPXHEBUX TA HECTPYKTYPHUX BIJTKIB
NAHOEMIYHUX BIPYCIB rPUMY A(H1N1)PDM09 B CE3OHI 2015-2016 POKIB

Memoro docnidxeHHs1 6ys10 sussieumu MOJIEKYIsIPHO-2eHeMUYHi 3MiHU 8 2eHax 2emazntomuHiHy (HA), HelpamiHida3u (NA) ma HecmpykmypHo-
20 6inky (NS1) naHOemi4HuXx gipycie epuny, wo yupkynroeanu e Ykpaini 6 2015-2016 pokax. 3pa3ku 6ynu npoaHasnizoeaHi MemodoMm nosiimepasHoi
naHytrozoeoi peakuii (MJ1IP) e peanbHoMy 4aci. PinozeHemuyHi depesa 6ydysanu e npoepami MEGA 7. 3D cmpykmypu 6ydyeanu e npozpami Chi-
mera 1.11.2rc. Bipycu, sudineHi 8 YkpaiHi @ ce3oHi 2015-2016 pokie, Hanexamb 0o 2eHemu4Hoi epynu 6B, e siKili 8 ybOMy Ce30Hi 8UHUKIU O8] HO8I
nidepynu 6B.1 ma 6B.2, 3a ceHamu HA ma NA. Lji nidepynu eu3Havyarombcsi cneyugiyHuMu Ons1 HUX aMiHOKUCIOMHUMU 3amiwieHHsaMuU. B 6inky NS1
6ynu eusienieHi Hosi amiHokucsiomHi 3amiweHHs1 D2E, N48S ma E125D e ce3oHi 2015-2016 pokie. B aumuzeHHux calimax HA 6ynu eusieneHi cne-
yudpivHi 3aminu, npome gipycu 36epeanu nodi6bHicmb o sakyuHHO20 wmamy. binok NS1 Habye 3amiweHHsI, Noe'si3aHe 3 NiGsUWEHHSIM 8ipysIeHm-
Hocmi eipycy apuny.

Knroyoei cnoea: eipycu epuny A(H1N1)pdm09, amiHokucriomHe 3aMiwjeHHs, aHmu2eHHul calim, He cmpyKmypHuli 6irokK.

0. CmyTbKO, acn.

KneBckuin HaumoHanbHbIW yHuBepcuteT umeHu Tapaca LLleBuyeHko, Kues, YkpauHa,

J1. PapyeHko, Mnaa. Hay4H. coTp., A. MupoHeHko, A-p meA. HayK

TY "MHCTUTYT annpgemunonorum u nHgekUMoHHbIx 3aboneBaHnin umenu J1.B. Mpomawesckoro, HAMH YkpauHbl", KueB, YkpauHa

MOJNEKYNAPHO-FrEHETUYECKME OCOBEHHOCTU NMOBEPXHOCTHbIX U HECTPYKTYPHbIX BEJIKOB
NAHAEMUYECKMNX BUPYCOB I'PUMMA A(H1N1)PDM09 B CE3OHE 2015-2016 rO1OB

Yenbto uccnedosaHusi 6bi10 onpedesieHUe MOJIEKYISIPHO-2eHeMUYeCcKUX U3MeHeHul 8 2eHax 2emazntomuHuHa (HA), HelipamuHudasbl (NA) u
HecmpykmypHoao 6enka (NS1) naHOemuveckux supycoe 2punna, Komopble YupkKynuposasnu 8 YkpauHe 8 2015-2016 2odax. O6pa3ysbi 6biiu npo-
aHanusupoeaHbl Memodom nosiuMepa3sHol yenHol peakyuu (MYP) e peansHom epeMeHu. dunoz2eHemuYyeckue depeebsi MOCMPOUsIU 8 NpozpamMmmMe
MEGA 7. 3D cmpykmypbi nocmpounu e npoepamme Chimera 1.11.2rc. Bupycbi ebideneHHble 8 YkpauHe 8 ce3oHe 2015-2016 2odoe, npuHadnexam
Kk 2eHemuyeckol 2pynne 6B, 8 komopoli 8 3Mom ce30He 803HUK/U Aee Hoeble nodzpynnbi 6B.1 u 6B.2, no 2cenam HA u NA. 9mu nodzpynnsi onpe-
densiromcs cneyuguyeckuMmu Ois HUX aMUHOKUC/TIOMHbIMU 3ameujeHusimu. B 6enke NS1 6binu o6HapyxeHbl HO8ble aMUHOKUCIIOMHbIE 3ameule-
Husi D2E, N48S u E125D e ce3oHe 2015-2016 2o0oe. B aHmuzeHHbIx calimax HA 6binu o6HapyxeHbl crieyuguyeckue 3aMmeuw,eHusi, Ho eupychbl co-
XpaHunu nodobue k eakyuHHoMy wmamy. Benok NS1 npuobpen 3ameuweHue, cesizaHHOe C MoebIWeHUeM 8UPYSIeHMHOCMU eupyca 2punna.

Knroueenie cnoea: eupycsi 2punna A(H1N1)pdm09, amuHokucriomHoe 3amewieHue, aHmuz2eHHbIl calim, HeCmpPyKmMpypHbIi 6es10K.
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POTYVIRUSES INFECTING VEGETABLE CROPS IN UKRAINE

This paper describes detection of some potyvirus infecting vegetable crops in Ukraine. Collected samples were screened for
the presence of Zucchini yellow mosaic virus and Watermelon mosaic virus-2. Obtained isolates of Zucchini yellow mosaic virus
were clustered with isolates from Slovenia, Hungary, Czech Republic, Austria and France within subgroup Al. According to the
topology of Neighbor-Joining tree based on sequences of NIb-CP genome region obtained WMV-2 isolates showed that belong to

group G1. Viruses infecting cucurbits in Ukraine presented by phylogenetic groups widespread in Europe.

Keywords: viral diseases, Potyvirus, vegetable crops.

Introduction. Watermelon mosaic virus 2 (WMV-2) and
Zucchini yellow mosaic virus (ZYMV) belongs to Potyvirus
genus, Potyviridae family [1]. In experimental conditions,
Watermelon mosaic virus 2 infects more than 170 plant
species from 26 families. However, cucurbitaceous plants
(Cucurbitaceae family) are the major natural hosts for vi-
ruses, which were found in both field and greenhouse con-
ditions. ZYMV infects 15 plant species from 7 different
families. An occurrence of ZYMV was reported from more
than 50 countries. It causes yield losses ranging from 25 to
50 % depending on the pathogenicity of the virus strain [2].

Vegetable crops are widely cultivated in Ukrainian
fields. Through characterization of viral population possible
migration patterns of ZYMV and WMV-2 dissemination
from other countries to Ukraine as well as from Ukraine to
other countries may be determined.

Therefore, current study was aimed at detection and
characterization of viruses infecting vegetable crops in
Ukraine.

Materials and methods. Vegetable plants collected
from different regions of Ukraine with virus-like symptoms
were the objects of this study. Plant sample collection
based on the visual symptoms is considered to be the
simplest and most common method. For this study, we

collected samples with typical viral symptoms under open
ground conditions in Kyiv, Poltava, Zhytomyr, Vinnytsya,
Odesa, Mykolaiv and Cherkasy regions of Ukraine during
2013-2015 years.

For detection of virus antigens, we conducted DAS-
ELISA with commercial test systems of Loewe (Germany)
according to the manufacturer's recommendations in 96-
well polystyrene plates (Labsystem, Finland). For ELISA,
plant samples (vegetative organs and fruits) were homoge-
nized in 0,1 M PBS + 0,001 M EDTA (1:2, v/v) with follow-
ing sedimentation at 4000 rpm for 20 min at 4°C using
PC-6 centrifuge [3]. Such homogenate was used for ELI-
SA. Optical density values were registered using ELISA
reader Termo Labsystems Opsis MR (USA) with Dynex
Revelation Quicklink software at the wavelength of 405/630
nm [4]. Total RNA was extracted from plant samples using
RNeasy Plant Mini kit (Qiagen, UK). RT-PCR was accom-
plished using specific primers to NIb-CP region of WMV-2
and ZYMV (expected product size — 800 bp, 600 bp re-
spectively) [5]. This genome region is variable among dif-
ferent subgroups, and used for determination of group at-
tribution of ZYMV and WMV-2 [2, 6,7].

Then obtained amplicons were purified and sequenced
using Applied Biosystems 3730x1 DNA Analyzer with Big
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