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The study of molecular characteristics and, in particular, the nucleotide (nt) and amino acid
(aa) sequences of the viral genomes, is necessary to know the changes in their geographical
range, phylogenetic relationships, viruses’ evolution, and their emergence as new epidemics.
Aim. Phylogenetic analysis of the coat protein (CP) gene sequences of two new Ukrainian
isolates of Wheat streak mosaic virus: Ukraine-Mal-18 and Ukraine-Ep-18. Results. The
nucleotide sequences of 676 nt region of the CP gene of two Ukrainian WSMYV isolates were
compared with the sequences of 72 WSMYV isolates/strains from GenBank. The phylogenetic
analysis showed that the Ukrainian WSMYV isolates cluster with the clade B or WSMV-AE
isolates (originating from Europe and Asia) and have a typical for this clade triplet deletion at
the position 8412-8414 nt in the CP gene. The isolate Ukraine-Mal-18 has the highest level
of the sequence identity (93.5 %-95.9 % nt and 93.6-95.0 % aa) with the clade B isolates. The
Ukraine-Ep-18 isolate shares 89.2 %-91.4 % (nt) and 88.6-87.1 % (aa) identity with the clade
B isolates. Additionally, both Ukrainian WSMYV isolates have a number of unique aa substitu-
tions in the central CP gene domain. Conclusions. Ukrainian WSMYV isolates belong to the
clade B. But Ukraine-Mal-18 and Ukraine-Ep-18 have some differences from other members
of the clade: 1) a higher divergence compared to other B isolates (the Ukraine-Mal-18 has 12 aa
substitutions, the Ukraine-Ep-18 has 25 aa substitutions, where as the other clade B isolates
have no more than 2 aa substitutions); ii) have aa substitution identical with the B1 non-crop
isolates of this virus, many aa substitutions are in the same motifs as the substitutions of
B1 grass WSMV isolates.
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Introduction

In recent years, not only the number and prev-
alence of cereal viruses have increased expres-
sively, but also their economic significance [1,
2]. Wheat streak mosaic virus (WSMYV) is the
most harmful and widespread virus of cereals
in all wheat grown areas in the world. WSMV
can cause significant yield losses of wheat — up
to 60 % [3] and in some cases — up to 100 %.
That is why a detail investigation of WSMV
is warranted. WSMYV is spread and detected in
USA, Canada, Argentina, Australia, Asia, and
Europe. In Europe, WSMV was found in
Romania, Austria, Czech Republic, France,
Hungary, Turkey, Italy, Poland, Russia,
Slovakia, and Ukraine. In Lithuania and
Germany, this virus was first detected only in
2013 [4, 5]. The WSMYV hosts are plant species
of the family Poaceae. The main of them are:
wheat, barley, maize, oat and many other
grasses [6-8]. These species are reservoirs of
the virus and its vector.

The study of molecular characteristics and
in particular, the nucleotide sequences of the
genome, provides an opportunity to follow the
virus phylogenetic relationships with others,
to elucidate its evolutionary history and pros-
pects. Furthermore, based on these data it is
possible to predict the changes and emergence
of new properties in the strains or isolates
circulating in a specific area.

Based on the coat protein (CP) gene se-
quences, WSMYV isolates have been divided
into four clades, named A-D [4, 9, 10].

Clade A represents one isolate from Mexico,
known as El-Batan. Clade B or WSMV-AE
includes Asian and European isolates [4, 11].
B isolates have a deletion of triplet codon GCA

(Glycine amino acid) in the CP gene sequence
[11]. Except the CP gene, the differences be-
tween isolates from different clades were re-
vealed in the putative protein P1/helper-com-
ponent-proteinase (HC-Pro) protease cleavage
site [4, 12].

Recently, Singh & Kundu [8] proposed a
new clade B1 for the WSMV isolates infecting
grasses. This clade includes Czech isolates:
arl detected in Agropyron repens (KY419572),
ppl from Phleum pratense (KY419573), and
pp2 from Poa pratensis (KY419574). It was
shown that these grass WSMYV isolates are
more similar to the B isolates rather than to A
and D isolates. Moreover, the Czech grass
isolates are characterized by the presence of a
triplet deletion at the position 8412-8414 nt in
the CP gene as well as the clade B isolates.
On the other hand, the B1 isolates were slight-
ly different from previously described the
WSMV isolates from Czech Republic and had
several aa substitutions located in the central
domain of the CP gene [8].

Clade C comprises isolate from Iran (Ac.
No AF454458) [13].

Clade D includes isolates from USA,
Canada, Argentina, Australia, Canada, Turkey
(AF454455), and Iran (EU914917) [13, 14].
Interestingly, some USA WSMVs have Gly
deletion in the CP gene as well as B isolates
[14]. The clade D isolates are divided into four
subclades, D1-D4 [15, 16]. This clade also
includes WSMYV described as isolate Ger (Ac.
No AJ889242). Isolate Ger actually represents
the strain PV57 from North America which
had been maintained in the virus collection of
the former Institute for Resistance Research
and Pathogen Diagnostics in Aschersleben,
Germany [4].
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Analysis of the WSMV whole genomes
showed that the clustering of some of them
into different clades is based not only on geo-
graphical origin. Isolate Saadat-Shahr (Ac. No
EU914918) is in the clade B, isolate with Ac.
No AF454458 is in the clade C, and one more
Iranian isolate Naghadeh (Ac. No EU914917)
has high genetic similarity with the clade D
isolates [4]. Similar situation is with Turkish
isolates. Whereas the isolate Turkei (Ac. No
FJ606886) clustered with European isolates
from the clade B, another Turkish isolates
Turkeyl (Ac. No AF454455) and Turkey?2 (Ac.
No AF454457) clustered with isolates from the
clade D [17]. Isolate Agdia (FJ695510) from
Czech Republic is also grouped with the clade
D isolates.

Noteworthy, considerable attention is paid
to the study of wheat viruses in Ukraine, in
particular, WMSV. The WSMV" investigation
was started in 1968 [18]. In the 1990s the
disease was marked with different intensity on
winter wheat crops in many regions [19].
Further, study on the WSMV circulation in
Ukraine has shown that the virus is distributed
in the central and eastern regions of the coun-
try. Later, an increase in the impact of climate
change on the manifestation and circulation of
this virus has been marked [3, 20]. Monitoring
of wheat crops in the Poltava, Kyiv and
Kharkiv regions of Ukraine in the last years
has shown minor damage with WSMV. Earlier,
some molecular properties of Poltava isolate
of WSMYV were investigated [3]. In 2018, we
noted the streak symptoms in the fields of
winter wheat in the Kharkiv region. So, this
study describes the phylogenetic analysis of
the CP gene sequences of two new Ukrainian
isolates of Wheat streak mosaic virus.
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Materials and Methods

Samples collection. Winter wheat leaf samples
with streak symptoms were collected in May
2018 in the fields of Kharkiv region (east part
of Ukraine).

Enzyme-linked immunosorbent assay.
Identification of the viruses in sap of wheat
leaves was performed by double-antibody
sandwich enzyme-linked immunosorbent assay
(DAS-ELISA). Specific antibodies against
Wheat streak mosaic virus (WSMV) and
Barley yellow mosaic virus (BYDV-PAV)
(Loewe, Germany) were used. Antigen sam-
ples were prepared by grinding leaf tissue in
PBS buffer, pH 7.4, at the ratio 1:2 (w/V). Leaf
samples from healthy wheat were also in-
cluded as negative controls. Positive controls
were commercial (Loewe, Germany). The re-
sults were recorded on Termo Labsystems
Opsis MR reader (USA) with Dynex Revelation
Quicklink software at the wavelength of 405
nm. Samples were considered positive when
their absorbance values at 405 nm were at least
three times higher than those of negative con-
trols [21].

RNA extraction, RT-PCR and sequencing.
Total RNA was extracted from fresh leaves
using RNeasy Plant Mini kit (Qiagen, Great
Britain) following the manufacturer’s instruc-
tions. Two-step RT-PCR was performed. The
reverse transcription was performed using
RevertAid Reverse Transcriptase (Thermo
Scientific, USA) according to the manufac-
turer’s instructions. Amplification was per-
formed using thermocycler (Genetic research
instrumentation LTD, Great Britain). WSMV
CP-specific primers were used: WS-8166F 5’
GAGAGCAATACTGCGTGTACG 3" and WS-
8909R 5" GCATAATGGCTCGAAGTGATG
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3’ [22]. DNA product of 750 bp was amplified.
Amplification was performed in 12.5 pl of
Dream Taq PCR Master Mix (2x) buffer (con-
taining Dream Taq DNA polymerase, 2x
Dream Taq buffer, 0.4 mmol/l of each ANTP
and 4 mmol/l of MgCl,), 7.5 ul of nuclease-
free water, 1 ul of each primer (10 umol/l),
and 3 pl of cDNA. The temperature regime for
amplification reactions was as follows: initial
denaturation for 3 min at 95°C, followed by
35 cycles of 95°C for 30 s, 55°C for 30 s, and
72°C for 1 min. The final extension was at
72°C for 10 min. PCR products were sepa-
rated on a 1.5 % agarose gel with DNA mark-
ers MassRuler DNA Ladder Mix ready-to-use
(SM 0311, Thermo Scientific, USA), stained
with ethidium bromide, and visualized under
UV light. The PCR products were purified
from the agarose gel using a QIAquick Gel
Extraction Kit (Qiagen, Great Britain).
Sequencing of the purified amplified DNA

fragments was carried out with the 3130
Genetic Analyzer (Applied Biosystems, USA).

Phylogenetic analysis. Sequences of
Ukrainian WSMYV isolates were compared with
WSMYV sequences in the NCBI database with
the BLAST program (http:// www.ncbi.nlm.
him.gov). WSMYV isolates used in this study
are listed in Table 1. Nucleotide and amino
acid sequences were aligned using Clustal W
in MEGA 7 (http://www.megasoftware.net/).
Phylogenetic tree for the part of coat protein
gene of 2 Ukrainian WSMYV isolates and 72
WSMYV isolates from different countries was
constructed by the Neighbor-Joining method
[23] using the best-fitting model (Jukes —
Cantor). To check the reliability of the con-
structed tree we used bootstrap test with 1000
bootstrap replications. Multiple alignments of
the coat protein amino acid sequences (225 aa)
of WSMYV isolates were performed by BioEdit
program.

Fig. 1. Winter wheat with symptoms
of WSMV-infection: a — cv. Mal-
~|  ynivka; b — cv. Epokha Odeska
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Results and Discussion

In 2018, winter wheat plants cv. Malynivka
and Epokha Odeska with WSMV-like mild and
severe streak symptoms were found near

Kharkiv in the east part of Ukraine (Fig.1).

DAS-ELISA and RT-PCR showed that both
wheat samples were infected with WSMV.
BYDV-PAV antigens were not detected. These
two samples were taken for this study. The
WSMV isolate from wheat cv. Malynivka was

Table 1. Nucleotide and amino acid sequence identity of part of the CP gene of the Ukrainian WSMV
isolates with isolates/strains from other countries (%)

No. Isolate / strain éccession No Host Country of origin Ukraine-Mal-18 | Ukraine-Ep-18 Clade
name in GenBank nt aa nt aa
1 |ElBatan 3 AF285170 wheat Mexico 66.0 | 76.7 62.6 70.3 A
2 | Ukraine-Mal-18 | MHS523356 wheat Ukraine | --—-—- | --—-—- 95.7 93.6 B
3 | Ukraine-Ep-18 MHS523357 wheat Ukraine 95.7 93.6 | ----- | ------ B
4 |Russia AF454459 wheat Russia 95.9 95.0 91.4 88.6 B
5 | Marmagne HG810953 wheat France 94.9 95.0 91.2 88.6 B
6 |Czech AF454454 wheat Czech Republic | 94.9 95.0 90.8 88.6 B
7 | Austria LN624217 wheat Austria 94.2 94.1 90.3 87.6 B
8 |Hoym HG810954 wheat Germany 94.7 | 94.6 | 90.6 | 88.1 B
9 | Hungary AF454456 wheat Hungary 94.4 94.6 90.3 88.1 B
10 | Saadat-Shahr EU914918 wheat Iran 88.8 94.6 84.8 88.6 B
11 |Toskana FJ606885 wheat Italy 95.0 | 95.0 | 914 | 88.6 B
12 | Burgund FJ606884 wheat France 94.0 | 95.0 | 90.6 | 88.6 B
13 |WSMV-1313 KJ720819 wheat Lithuania 94.7 | 94.6 | 90.6 | 88.1 B
14 |SK512 FJ613359 wheat Slovakia 95.0 | 94.6 91.0 88.1 B
15 |SK349 EU723085 wheat Slovakia 95.0 | 950 | 90.8 88.6 B
16 |SK350 EU723086 wheat Slovakia 947 | 950 | 90.6 88.6 B
17 |WSMV-Sz_ KP261825 wheat Poland 935 | 9%4.1 90.1 87.6 B
18 |Turkei FJ606886 wheat Turkey 95.0 95.0 91.0 88.6 B
19 |TR KC900901 wheat Turkey 93.5 94.6 89.2 88.1 B
20 |KosHIR FJ216409 wheat Czech Republic | 954 | 95.0 | 914 | 88.6 B
21 |Policko-CRI FJ216412 wheat Czech Republic | 952 | 95.0 | 91.2 88.6 B
22 | Turondot KY419568 wheat Czech Republic | 95.0 95.0 91.2 88.6 B
23 |Hymack KY419569 wheat Czech Republic | 95.0 | 95.0 | 91.2 | 88.6 B
24 |PoleR FJ216410 wheat Czech Republic | 95.0 95.0 91.0 88.6 B
25 |SlastJR FJ216414 wheat Czech Republic | 94.5 94.6 | 90.5 88.1 B
26 |WSMVczl FJ216408 wheat Czech Republic | 94.7 94.6 90.6 88.1 B
27 |Bodycek KY419571 wheat Czech Republic | 942 | 94.6 | 90.3 88.1 B
28 | Avenue KY419570 wheat Czech Republic | 94.0 | 93.6 90.1 87.1 B
29 |arl KY419572 | Agropyron repens | Czech Republic | 84.4 82.2 81.0 76.7 | Bl
30 | Strain ppl KY419573 | Phleum pratense | Czech Republic | 84.2 81.7 80.8 76.2 Bl
31 |Strain pp2 KY419574 Poa pratensis Czech Republic | 84.2 81.7 80.8 76.2 | BI
32 |Iran AF454458 wheat Iran 85.6 94.1 81.6 87.6 C
33 |Turkey 1 AF454455 wheat Turkey 84.8 93.1 81.0 | 86.6 D
34 | Ger AJB89242 wheat Germany 85.2 91.6 81.6 85.1 D

=)
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Continued Table 1

Isolate / strain

Accession No

Ukraine-Mal-18

Ukraine-Ep-18

No. name in GenBank Host Country of origin - an ot an Clade
35 |Agdia FJ695510 wheat Czech Republic | 854 | 92.1 81.8 85.6 D
36 |Argl FJ348356 wheat Argentina 85.8 93.6 | 82.0 | 87.1 D
37 | Arg2 FJ348359 wheat Argentina 858 | 93.6 | 8.0 | 87.1 D
38 | Arg3 FJ348357 wheat Argentina 85.8 936 | 82.0 | 87.1 D
39 |PVI9IH AF511639 wheat Kansas, USA 85.0 | 926 | 81.2 86.1 D
40 |MOO00 AF511629 wheat Missouri, USA 852 | 936 | 814 | 87.1 D
41 |KM93 AF511621 wheat Kansas, USA 84.6 | 91.6 | 80.8 85.1 D
42 | Strain Sidney 81 | AF057533 wheat Nebraska, USA | 85.2 | 93.1 814 | 86.6 D
43 |1D96 AF511618 wheat Idaho, USA 84.8 94.1 81.0 | 87.6 D
44 | MON96 AF511630 wheat Montana, USA 84.6 | 93.1 80.8 86.6 D
45 |0OSU AF511634 unknown unknown 84.4 91.1 80.8 84.7 D
46 |CO87 AF511602 wheat Colorado, USA | 84.6 | 90.6 | 81.0 84.2 D
47 |GO93 AF511606 wheat Kansas, USA 84.6 | 90.6 | 81.0 84.2 D
48 |CK93 AF511598 wheat Kansas, USA 85.0 | 93.1 81.2 86.6 D
49 |KY0083SV AF511624 wheat Kentucky 84.4 | 92.1 80.6 85.6 D
50 |H95S AF511614 sorghum Kansas, USA 852 | 93.6 81.6 87.1 D
51 |WA99 AF511643 maize Washington, USA | 85.6 | 93.6 81.6 87.1 D
52 |WO093 AF511644 maize Ohio, USA 852 | 93.1 81.4 86.6 D
53 |PV106JM AF511638 maize Ohio, USA 84.2 | 92.6 81.0 86.1 D
54 | Type strain AF285169 wheat Kansas, USA 85.0 91.6 81.4 85.1 D
55 |PV106H AF511637 maize Ohio, USA 84.6 | 90.6 81.0 84.2 D
56 |GY93 AF511607 maize Kansas, USA 85.0 93.1 81.2 86.6 D
57 |H94PM AF511610 Pennisetum Kansas, USA 85.0 | 93.6 814 | 87.1 D
glaucum
58 | WH94S AF511611 sorghum Kansas, USA 86.0 93.1 82.2 86.6 D
59 |H94USDA AF511612 sorghum Kansas, USA 85.2 93.1 81.4 86.6 D
60 |H95LB AF511613 Hordeum Kansas, USA 84.6 | 93.6 80.8 87.1 D
pusillum
61 |H95S AF511614 sorghum Kansas, USA 85.2 93.6 81.6 87.1 D
62 |H98 Kansas AF511615 Chloris virgata Kansas, USA 858 | 93.6 82.2 87.1 D
63 |Naghadeh EU914917 wheat Iran 854 | 94.6 81.4 | 88.1 D
64 | Gibson DQ888803 wheat Australia 85.4 93.6 81.6 87.1 D
65 |Mt. Burdett DQ888801 wheat Australia 852 | 93.6 81.4 | 87.1 D
66 | Tamworth 1 AY327866 wheat Australia 85.6 94.1 81.8 87.6 D
67 |Bordertown AY327870 wheat Australia 85.6 94.1 81.8 87.6 D
68 | Ginninderra DQ462279 wheat Australia 85.6 94.1 81.8 87.6 D
69 |SP-1 DQ462278 wheat Australia 85.6 | 94.1 81.8 87.6 D
70 |SP-6 DQ462277 wheat Australia 854 | 936 | 8l1.6 | 87.1 D
71 |SP-5 DQ462276 wheat Australia 85.6 | 94.1 81.8 87.6 D
72 |Kondonin DQ888B05 wheat Australia 85.6 94.1 81.8 87.6 D
73 |Galong DQ888R04 wheat Australia 85.4 93.6 81.8 87.6 D
74 | Yerritup DQ888802 wheat Australia 854 | 93.6 | 81.8 87.6 D
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Fig. 3. Comparative
analysis of amino
acid sequences of
Ukrainian WSMV
isolates with thev-
clade B and B1
strains. Identical aa
variations among
sequences are repre-
sented with boxes.
Amino acid varia-
tions in the same re-
gions are represent-
ed with circles.
Numbers on top
represent the de-
duced CP amino
acid position. Only
the differences are
shown. Accession
numbers for isolates
used for the align-
ment are shown in
Tablel.
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named Ukraine-Mal-18. The isolate from
wheat plants cv. Epokha Odeska was named
Ukraine-Ep-18.

Nucleotide (nt) sequences 676 nt region of
the CP gene of the Ukrainian WSMYV isolates,
located at the genomic position 8167-8843,
were compared with the sequences of
72WSMYV isolates/strains from GenBank.
Analysis showed that the Ukrainian WSMV
isolates have the highest percentage of iden-
tity with all wheat European isolates from the
clade B. Isolate Ukraine-Mal-18 has the high-
est level of the sequence identity
(93.5 %-95.9 % nt and 93.6-95.0 % aa) with
the clade B isolates. The isolate Ukraine-Ep-18
shares identity of 89.2 %-91.4 % (nt) and 88.6-
87.1 % (aa) with the clade B isolates. (Table 1).

Phylogenetic analysis showed that
Ukrainian WSMYV isolates with all European
and Asian wheat isolates (except isolate Agdia
from Czech Republic, Ger from Germany,
Turkey 1 from Tukey and Iranian isolate
Naghadeh) are clustered into the clade B
(Fig. 2).

Ukrainian isolates, like all isolates of the B
and B1 clades, have a triplet deletion at the
position 8412-8414 nt in the CP gene in com-
parison to isolates from the clade D.

Ukraine-Mal-18 and Ukraine-Ep-18 share
80.8 to 82.2 % (nt) and 76.2-82.2 % (aa) iden-
tity with isolates from the clade B1, which
includes the Czech non-wheat strain arl from
Agropyron repens (KY419572), strain ppl
from Phleum pratense (KY419573), and strain
pp2 from Poa pratensis (KY419574). Clade
C isolate, represented by Iranian isolate Iran
(Ac. No AF454458), showed similarity of
81.6-85.6 % (nt) and 87.6-94.1 % (aa) to the
isolates Ukraine-Ep-18 and Ukraine-Mal-18,

74

respectively. Pairwise comparisons of the
Ukrainian isolates with sequences of WSMV
isolates from the clade D indicated respective
nucleotide and amino acid sequence identities
ranging from 80.6 to 85.8 % and 84.2 to
94.6 %.

Comparative analysis of aa sequences of
Ukrainian isolates with the isolates from clades
B and BI revealed significant differences.
Thus, the Ukrainian isolate Ukraine-Mal-18
has 12 aa substitutions in the studied region of
the CP gene and Ukraine-Ep-18 has 25 aa
substitutions, whereas all other isolates of
group B have 0 to 2 aa substitutions (Fig. 3).

It is necessary to mention that the substitu-
tion A—G at position aa 94 is identical among
the Ukrainian and B1 isolates (Fig. 3).
However, all other substitutions revealed in
putative CP amino acid sequences are unique.
Additionally, amino acid substitutions were
observed at positions aa 112-116 (F.LFL motif
in the central region of CP gene). None of
WSMYV isolates were characterized by such
mutations in this region of the CP gene.
Noteworthy, many aa substitutions are in the
same motifs or near them like substitutions of
the B1 grass WSMYV isolates (Fig. 3). These
are motifs «Nel» (TVESC, 100-104 aa), «Nedy
(NE.RY.EDPVVFY, 135-147aa) that were pre-
viously found in the non-crop WSMYV isolates
of the B1 clade [8]. Also, the aa sequence of
the Ukraine-Ep-18 isolate revealed more aa
substitutions in the N-terminal domain of the
CP gene, compared with other WSMV isolates

(Fig. 3).
Conclusions

In our study we revealed that Ukrainian
WSMYV isolates are clustered into the clade B
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Phylogenetic analysis of two Ukrainian isolates of Wheat streak mosaic virus

or WSMV-AE. The Ukrainian isolates, like
other isolates of the B and B1 clades, have a
triplet deletion at the position 8412-8414 nt in
the CP gene sequence which led to the absence
of Glycine amino acid. Noteworthy, the
Ukraine-Ep-18 and Ukraine-Mal-18 isolates
are the most divergent among the WSMV-AE
isolates based on amino acid CP sequence.
Besides, it was shown that the Ukrainian wheat
WSMYV isolates have identical aa substitution
(A—G, 94aa) with the B1 non-crop isolates of
this virus. Also, many aa substitutions are in
the same motifs or near them (motif «Nely or
TVESC at positions aa 100-104 and motif
«Nedy» or NE.RY.EDPVVFY at positions aa
135-147) that were previously found in the
non-crop WSMYV isolates of the B1 clade [8].
Also, more aa substitutions in the CP sequence
of the Ukraine-Ep-18 isolate were revealed in
the N-terminal domain of the CP gene, than
all the WSMYV isolates taken to our study. It is
known that tritimoviruses N-terminal domain
of the CP gene is less conserved than the cen-
tral and C-terminal regions [24]. Also, it was
found that major aa variations between the
wheat and grasses WSMVs were in the
N-terminal region, namely in the motifs 3 and
4 [8]. However, in the wheat isolate Ukraine-
Ep-18 we revealed aa substitutions in the mo-
tif 4, in comparison to other European wheat
WSMVs. Prendeville ef al. [25] suggest that
mutations in BYDV from wild grass popula-
tions can be connected with the virulence fac-
tors and can act as positive fitness elements in
wild plants. Recently, it has been revealed that
the N-terminal region of tritimoviral CP is
involved in the host- and strain-specific long-
distance movement [26]. Perhaps, aa substitu-
tions in this CP region revealed by us for the

isolate Ukraine-Ep-18 led to more severe
symptoms, compared with the Ukraine-Mal-18
isolate but this requires additional research.
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®dioreHeTHYHHUIT aHAJI3 ABOX YKPATHCBKHUX
i30J1ATIB Bipycy cMyracroi Mo3aiku nmueHHu i

JI. T. Mimenko, A. A. lyniuy, 1. 1. Ckpunkina,
H. O. Kozy0

JlocnipKeHHsT MOJIEKYJSIPHUX XapaKTEepUCTHK, 30Kpema,
HYKJICOTW/IHUX (HT) Ta aMiHOKHCIIOTHHX (aa) MOCIiOB-
HOCTEH BipyCHHUX T€HOMIB, € HEOOXiTHUM TS 3’ ICyBaHHS
3MiH y reorpadiqHoMy apeati, (piIOreHeTUYHUX 3B’ SI3KIB,
EBOJTIONIT BipyCiB Ta iX MOsIBY y BUIVIAAAI emigemii. Mera.
®DinoreHeTHYHUH aHaJi3 TeHy KarcugHoro Oinka (CP)
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JTIBOX HOBHUX YKPAiHCBHKHX 130JIATiB BipyCy CMYTacToi MO-
3aikn nmenurti (BCMIT) Ukraine-Mal-18 ta Ukraine-
Ep-18. Metomm: iMmyHOdepMeHTHI aHalli3, BUALICHHS
toranpHOI PHK i3 pocimaHOTrO Marepiay, momiMepasHa
JIAHITIOTOBA PEAKITisl 31 3BOPOTHOIO TPAHCKPHIIITIEIO, CHK-
BCHYBaHHs, (iTOTeHETUYHUM aHami3. Pe3yiabrarm.
[NocninoBHocTi reny CP po3mipom 676 HT JBOX yKpaiH-
cbkuXx i3071s1TiB BCMIT mopiBHIOBAIH 13 TTOCTTIOBHOCTSIMU
72 BCMII izonsris/mramis i3 6a3u nanux GenBank.
OinoreHeTHYHUI aHAali3 TOKa3aB, MO YKPATHCHKI 130JISTH
BXOJATS 110 Kiaju B abo WSMV-AE (noxonsTh i3 €Bporun
Ta A3ii) Ta MarOTh TUIIOBY JUIS LI€T KA JCICII0 TPH-
miery y nosunisix 8412-8414 ur y reni CP. Ukraine-
Mal-18 mae HaBHIIHIA BiZICOTOK 1IEHTUYIHOCTI 3a HyKJIe-
OTHIHOK MOCHIIOBHICTIO 93,5 %-95,9 %, 3a amiHOKMUC-
JIoTHOKO — 93,6-95,0 % 13 i3omsaTamu kiaau B. I3omsat
Ukraine-Ep-18 i3 i3onstamu knaau B Mae imeHTHIHICTD
89,2-91,4 % (ut) Ta 88,6 %- 87,1 % (aa). Kpim Toro, y
JTBOX YKpPATHCHKUX 130JIATIB BIIMIYEHO HHU3KY YHIKATBHIX
aa 3aMiIleHb B [eHTpasbHil AitstHaii reny CP. BucHoBkH.
VYkpainceki BCMIT i3omms1tit BXOmsiTh 10 Kiaau B. Ade
Ukraine-Mal-18 Ta Ukraine-Ep-18 marote nesiki BigMiH-
HOCTI BiJl HAX: 1) BUIIly AMBEPreHIII0, HDK 1HIII 130JI9TH
rpymu B (Ukraine-Mal-18 mae 12 aa 3amimens, Ukraine-
Ep-18 mae 25 aa 3amitiens, a iHII i305TH Kiaau B MaroTh
0-2 aa 3aMimieHHsl); ii) MarOTh aa 3aMilleHHs, 1IeHTHIHI
i3 HEMIICHUYHUMHU i30JsiTamMu rpymu Bl 1poro Bipycy,
6araro aa 3amillleHb 3HAXO/SIThCS B TUX CAMUX JUISTHKAX
reny CP, mo i 3amimenss Tpas’saux Bl i3omsatis BCMIL

Knaw4oBi cJioBsa: Bipyc cMyractoi Mo3aiky MIIEHHII,
Triticum aestivum, GiTOTeHETHIHAIN aHAITI3, CHKBEHYBaH-
HsI, KallCUIHUI O1ITOK.

duiroreHeTHYECKUIT aHAIN3 ABYX YKPAUHCKHUX
H30JIATOB BHpYyCa M0JI0CATOM MO3aMKH MIIIeHUIIBI

JI. T. Mumenxo, A. A. lynny, 1. 5. Ckpunkusa,
H. A. Kozy0

HccnenoBanue MOJICKY/SIPHBIX XapaKTEPUCTHK, B 4aCTHO-
CTH, HyKJICOTUIHBIX (HT) 1 aMHHOKHUCIIOTHBIX (aa) Iocie-

JIOBATEIIEHOCTEW BUPYCHBIX TEHOMOB, HEOOXOAMMO ISt
BBISICHEHHSI I3MEHEHHUH Teorpapuaeckoro apeana, (Qro-
TCHCTHYCCKUX CBSI3CH, IBOFOIIMN BUPYCOB U HX TIOSIBIIC-
Hus B BujIe dnujieMuit. Heab. OuitoreHeTnaeckuii ananms
reHa karcugaoro Oenka (CP) mByX HOBBIX YKPaHMHCKHX
M30JISITOB BUpYca Ionocaroil Mo3auku mueHuns! (BIIMIT)
Ukraine-Mal-18 u Ukraine-Ep-18. Metoabl. FImmyHO-
(bepMeHTHBIN aHaNM3, BbIJEIeHUEe ToTabHOW PHK m3
pacTUTETHLHOTO Marepuaa, moJmMepasHasi IerHas peax-
st ¢ 00paTHOM TPaHCKPHUITIHEH, CHKBEHUPOBaHKE, (hH-
JIoreHeTHYecKui aHanus. Pedyabrarsl. 1locienosarens-
noctu reHa CP pazmepom 676 HT IByX YKPaUHCKHUX H30-
sisitoB BIIMIT cpaBHMBanu ¢ nmocieaoBareIbHOCTIMH
72 BIIMII usonsaroB / mrraMMoOB u3 0a3bl JaHHBIX
GenBank. ®unoreHeTHYeCKUI aHAIN3 TOKA3aJT, YTO YKpPa-
MHCKHE M30JIITHI BXOIIT B Kiany B mmr WSMV-AE (nipo-
ncxomat n3 EBponsl M A3uH) U UMEIOT TUITHUYHYIO JUIS
STOW KJaJIbl JeNIeNUIo TpurieTa B no3unusax 8412-8414
Ht B reHe CP. Ukraine-Mal-18 nmeeT HanGosee BEICOKHIA
MIPOIEHT WACHTUYHOCTU IO HYKJICOTHUIHON TOCIe0Ba-
TenpHOCTH 93,5 %-95,9 % u ammuHOKMCIIOTHOM — 93,6-
95,0 % ¢ momsaramu kiagel B. Uzomsat Ukraine-Ep-18 ¢
u30JIITaMK Kaaasl B mmeer maentuaHocts 89,2-91,4 %
(ar) u 88,6 % - 87,1 % (aa). Kpome Toro, y AByX yKpauH-
CKHX W30JIATOB OTMEYCH Psifi YHUKAIBHBIX aa 3aMCH B
neHTpaibHOM y4actke TeHa CP. BbIBoAbI. YKpanHCKHe
BIIMII mzomsiter Bxoaat B kiaay B. Ho Ukraine-Mal-18
n Ukraine-Ep-18 umeroT HEeKOTOpble OTINYNS OT HUX: 1)
BBIIIE JTUBEPTEHIINIO, YeM JIPYTHe H30JATHI B rpymist
(Ukraine-Mal-18 umeer 12 aa 3amen, Ukraine-Ep-18
UMeeT 25 aa 3aMeH, a JApyrue U30JiThl Kiaasl B umeror
ot 0 o 2 aa 3aMeH); i) UMEIOT aa 3aMEHBI, UIACHTUIHBI
HEMIIICHUYHBIM U30JIsITaM rpyribl B1 3Toro Bupyca, MHO-
TO aa 3aMEH PACIIOJIOKEHBI B TeX ke ydacTkax reHa CP,
YTO W 3aMeHbI TpaBsHbIX B1 m3omsitoB BIIMIT.

Kaw4deBble ¢J10Ba:BUpyC MNOJIOCATON MO3AUKH ITILIE-
HULBL, Triticum aestivum, (GUIOTEHETUYECKUN aHAJM3,
CUKBEHUPOBAHHE, KAIICU/IHBIN OEJIOK.
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