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The aim of the present study is to compare the biological and molecular properties of Ukrainian soybean mosaic
virus (SMV) isolates with those of known strains or isolates from other countries, and to trace their possible
origin. The methods of mechanical inoculation, reverse transcription polymerase chain reaction, DNA se-
quencing and phylogenetic analysis have been used. Results. Five SMV isolates have been collected and
biologically purified from breeding plots in Vinnitsa region of Ukraine. It has been found that all these isolates
show the same reaction patterns when infecting 11 differential soybean cultivars. Phylogenetic analysis of se-
quences of the coat protein coding region and P1 coding region revealed strong genetic relationships between
representative Ukrainian (UA1Gr) and SMV-VA2 isolates which together were sorted in one clade with G2
strain. The investigation of sequence identity showed that different genomic regions of SMV were under different
evolutionary constraints. Conclusions. SMV, isolated in Ukraine for the first time, belongs to the G2 strain gro-
up that is widespread in North America. The SMV isolates obtained in this work may be employed in the Ukra-

inian national breeding programs to create soybean with durable virus resistance.
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Introduction. Soybean mosaic virus (SMV) is a mem-
ber of the Potyviridae family within the genus of Poty-
virus, which is the largest group of plant viruses [1]. It
is the most common and prevalent viral pathogen of
soybean (Glycine max (L.) Merr.) worldwide. Symp-
toms induced by SMV include severe mosaic, mottling,
rugosity and necrosis on the leaves of many soybean
varieties [2]. Following seed transmission (1-68 %) or
spread by aphid vector in non-persistent manner, the
different SMV strains cause 10-50 % yield losses and
seed quality deterioration in many soybean producing
areas [2, 3]. Furthermore SMV may induce much more
severe damages of soybean when mix-infected with
other virus pathogens as a result of their synergistic in-
fections [2, 4].
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SMYV nparticles are flexuous filaments approxima-
tely 750 nm long and 15 to 18 nm in diameter. Like
other potyviruses SMV contains a monopartite, single-
stranded, positive-sense RNA genome of about 9.6 kb.
There is a VPg (viral protein genome-linked) cova-
lently bound to its 5' end and a poly-A tail at the 3' end.
SMV genome encodes one large polyprotein, which is
subsequently cleaved at least into 10 mature proteins
by virus-encoded proteases [2, 5, 6]. Recently, an addi-
tional 25-kDa protein has been discovered in potyvi-
ruses. This protein is derived from a frameshift on the
P3 cistron [7].

Numerous SMV isolates have been reported all
over the world. In the United States, a number of SMV
isolates were classified in seven strain groups (G1-G7)
based on the symptoms developed in a set of various
resistant soybean cultivars (Table 1) [2, 8]. This diffe-
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Table 1

Differential responses of soybean cultivars to field-collected isolate and reference strains of Soybean mosaic virus

Reaction to SMV strain or isolate”

cultivarftine Genotype G1* G2* G3* G4* ‘ G5* ‘ Go* ‘ G7* ‘ UAIGr
Essex rsy S S S S S S S S
Tousan 50 Rsvi-n N N S S N N S N
Ogden Rsvi-t R R N R R R N R
Raiden Rsvi-r R R R R N N R R
Marshall Rsvi-m R N N R R N N N
York Rsvi-y R R R N S S S R
PI1 96983 Rsvl R R R R R R N R
Harosoy Rsv3 S S S S R R R S
V94-5152 Rsv4 R R R R R R R R
PI 264555 Rsvi-k R R R R N N N R
Suweon 97 Rsvi-h R R R R R R R R

R — resistant (symptomless); N — necrotic (systemic necrosis and local lesion); S — susceptible (systemic mosaic). *Disease responses were

analyzed by Chen et al. [2].

rential system is by far the most recognized and widely
used. Similarly, there were five strains (A to E) repor-
ted in Japan and 21 strains (SC1 to SC21)—in China[9,
10]. It is interesting that new SMV isolates capable of
overcoming host resistance have been identified [11,
12]. Different types of reaction of susceptible and re-
sistant cultivars are the result of specific interaction bet-
ween the soybean R gene product and the virus aviru-
lence (4vr) gene product [13, 14]. Inheritance studies
have shown that in most cases the virus resistance in
soybean is controlled by a single dominant gene. Three
independent loci (RsvI, Rsv3, and Rsv4) have been re-
ported for SMV resistance [15, 16].

Numerous studies have been undertaken to under-
stand the mechanisms that drive the evolution and geo-
graphical distribution of plant viruses. The aim was to
unravel phylogenetic relationships among virus isola-
tes as they continue to evolve through genetic exchan-
ges (recombination between different viral RNA mo-
lecules) or accumulation of mutations [17, 18]. As mo-
re and more SMV isolates are sequenced, the phyloge-
netic relationship and molecular variability can be stu-
died. Construction of the first SMV phylogenetic trees
for the full-length genome or for its single genes (P/,

HC-Pro and Cp) sequences, allowed dividing SMV stra-
ins and isolates into distinct phylogenetic groups and
subgroups [2, 11, 19].

In Ukraine, the diseases caused (presumably) by
SMV were first reported in 1938. Later, in the early
1960’s, SMV was identified on soybean field in eastern
and southern regions [20]. Since then, contrary to inten-
sive investigation of SMV strain diversity in many
countries, in Ukraine, one of the biggest agrarian areas
in Europe, no survey was carried out [21].

In the present study we have collected and biolo-
gically purified five SMV isolates from breeding plots
in Vinnitsa region of Ukraine. We have conducted pa-
thogenicity tests and analyzed phylogenetic relation-
ships based on sequences of the coat protein-coding
and P/-coding regions, to compare Ukrainian isolates
of SMV with previously known isolates or strains, and
to trace their origin.

Materials and methods. SMV detection, biologi-
cal purification, RNA extraction, reverse transcription
polymerase chain reaction (RT-PCR), DNA sequen-
cing. Leaf samples were collected during 2008-2010
from naturally infected soybean cultivar showing typi-
cal mosaic symptoms at the breeding plots of Vinnitsa
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National Agrarian University, Ukraine. Double antibo-
dy sandwich enzyme-linked immunosorbent assays
(DAS-ELISA) with anti-SMV-IgG («Loewe», Germa-
ny) were used for diagnostics of the initial leaf samples
from the field, following the manufacturer’s instruc-
tion. All samples to be tested were inoculated into and
maintained in the susceptible cv. «Gribskaya 30» in a
greenhouse. The bean (Phaseolus vulgaris) cv. Top-
crop was used to purify SMV isolates from single lesi-
on [9]. All plants were grown in plastic pots (11 cm in
diameter) with 12 h photoperiod at 24 °C. Virus inocu-
lum was prepared by homogenizing approximately
0.5 g of plant tissue with 1.5 ml of inoculation buffer
(0.01 M potassium phosphate buffer, pH 7.2, 0.01 M
EDTA) in a sterile, ice-chilled mortar and pestle. The
inoculum in a total volume of 50-100 pl was rub-
inoculated onto the carborundum-dusted (600 mesh)
unifoliolate leaves.

Within 2—-3 weeks post inoculation, total RNA was
extracted from virus-infected soybean leaves using the
Pure Link RNA Mini Kit («Invitrogen», USA). A pair
of primers, forward (SMV-CPf; 5'-CAAGCAGCAAA
GATGTAAATG-3") and reverse (SMV-CPr; 5'-GTCC
ATATCTAGGCATATACG-3'"), was used to prime the
amplification of a conserved region (the fragment of
469 bp) in the coding region of SMV coat protein (CP)
[22]. We have also modified and synthesized a pair of
primers, forward (SMV-P1f; 5'-AGTCAAATGGCAA
CAATCATG-3") and reverse (SMV-Plr; 5'-GGGAGT
AGTGCTGAATATCC-3'") for the P gene amplificati-
on (the fragment of 934 bp) according to the conserved
nucleotide sequences in the same region of different
SMV strains (G2, G1, N, G4, G3, G7) from the Gen
Bank [11]. A one-step RT-PCR was carried out using
both M-MuLV Reverse Transcriptase and Taq DNA
polymerase («Fermentas», Lithuania). For RT-PCR
amplification, 2 pl of total RNA was added to 48 pl of
reaction mixture (10 pl of 10 x PCR buffer, 3.5 pl of
25 mM MgCl,, 0.5 pl of 10 mM dNTP, 2 pl of each for-
ward and reverse primers [10 pmoles/pl], 0.25 ul of
each reverse transcriptase [20 u/ul] and Taq polyme-
rase [5 wpl], 34.5 pl of H,0). Thermal cycling con-
ditions («Bio-Rad», iQ5 thermocycler, USA) were: 1
cycle of42 °C for 45 min, 1 cycle of 94 °C for 2 min, 35
cycles 0f 94 °C for 30 s, 55 °C for 30 s, 72 °C for 1 min,
and a final extension at 72 °C for 10 min. PCR products
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were resolved on 1.5 % agarose gel. Sequences were
determined directly from the PCR products using the
dideoxynucleotide termination method and an ABI
Prism 3730 XL DNA Analyzer («Applied Biosystems»,
USA). All PCR products were sequenced with the pri-
mers used to amplify the fragments. The nucleotide se-
quence data have been submitted to the GenBank da-
tabase under the following accession numbers: JF431105
(CP region) and JF803911 (P! region).

Phylogenetic analysis. The reference strains or iso-
lates of SMV, the sequences of which were retrieved
from NCBI (National Centre for Biotechnology Infor-
mation, USA) database and used in our investigations,
are listed in Table 2. Multiple sequence alignments
were obtained using ClustalW algorithm (http:/www.
ebi.ac.uk/clustalw/) [23]. Aligned P/ amino acid se-
quences were visualized and compared using BioEdit
sequence alignment editor [24]. Nucleotide and enco-
ded amino acid sequences were edited and similarities
were analyzed using MEGA v.5. program [25]. The
phylogenetic relationships of the SMV sequences were
analyzed by the NJ and ML algorithms implemented in
MEGA v.5. program using WMV as the outgroup (Gen
Bank Acc. code EU660580). In NJ analysis, the Kimu-
ra’s two-parameter model and p-distance model were
applied for nucleotide and amino acid sequence ana-
lyses, respectively. For ML method, the Kimura’s two-
parameter model was used with default settings. For the
statistical significance estimation of branching, boot-
strap values were calculated using 1000 random re-
plications.

Pathogenicity test of SMV isolates. To determine
biological properties of SMV isolates, several diffe-
rential cultivars, including Essex, «Tousan 50», Og-
den, Raiden, Marshall, York, PI1 96983, Harosoy, V94-
5152, PI 264555, and «Suweon 97», were grown and
inoculated with each isolate as described above. For
independent pathogenicity test, 10 plants of each cul-
tivar were inoculated with each isolate. At the same
time 5 plants of each cultivar were inoculated only with
buffer (mock inoculation) and used as negative cont-
rols. Symptom development was monitored for 5 we-
eks post inoculation and recorded as described by Chen
et al. [2]. The seeds of differential soybean cultivars
were obtained from USDA Soybean Germplasm Col-
lection, Urbana, Illinois.
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Table 2

Identity (%) of Plgene and CP gene nucleotide and amino acid sequences between Ukrainian SMV isolate and known strains of this virus

Strain or isolate

Country of origin

GenBank accession
no.

Similarities to UA1Gr isolate (Ukraine), %

JF803911 (P gene) JF431105 (CP gene)

nt* aa** nt aa
N USA D00507 99,3 99,4 92,6 100
VA2 USA AF200582 99,3 99,0 100 100
WS37 Korea F1640955 99,1 99,4 92,8 100
L-RB Canada EU871725 99,1 99,0 92,6 100
G4 USA F1640979 99,0 98,4 93,0 100
WS156 Korea F1640971 98,7 98,4 94,6 100
G2 USA S42280 98,4 94,2 93,0 100
G7H Korea F1807700 96,6 97,4 93,7 100
G5 Korea AY294044 96,7 97,1 93,7 100
G6H Korea F1640981 96,6 97,4 92,1 99,3
Severe China AJ312439 96,6 97,1 96,4 100
G5H Korea F1807701 96,3 95,5 94,4 100
Aa Japan AB100442 96,0 95,1 94,4 100
G6 USA FI640980 95,8 94,2 93,0 100
G7 USA AY216010 95,7 95,8 92,1 99,3
Gl USA F1640977 95,7 95,5 91,7 100
G7A Korea F1640982 95,6 95,5 92,1 99,3
G3 USA F1640978 95,5 95,1 91,5 100
413 USA GUO015011 88,2 88,3 94,8 100
Sc6 China HM590054 87,7 86,0 93,5 100
ChGs2 China AF200535 87,6 86,7 98,7 100

*nt — nucleotide sequence; **aa — amino acid sequence.

Results and discussion. To examine virus infec-
tion on soybean plants grown at the breeding plots of
Vinnitsa National Agrarian University, field surveys
were performed in 2008-2010. Based on the results of
these observations we have collected leaf samples from
plants of 6 different soybean cultivars («Gribskaya
30», «Dachnyans’ka 1», «Kirovograds’ka 26», Poema,
Williams, Syurpriz) showing the most severe viral
symptoms, i. e. mosaics, mottling, rugosity and defor-
mation. All collected samples were identified by DAS-
ELISA as infected with SMV except one collected

from cv. «Dachnyans’ka 1» (data not shown) [21]. Fi-
eld isolates of SMV maintained in the susceptible cv.
«Gribskaya 30» were inoculated onto P. vulgaris cv.
Topcrop. By the 7" day, when the necrotic veinal lesi-
ons have appeared on primary leaves of Topcrop (Fig.
1, see inset), they were cut from the leaf and repeatedly
inoculated onto Glycine max cv. «Gribskaya 30». In
such way five biologically purified isolates of SMV ha-
ve been recovered.

Five SMV isolates obtained after biological purifi-
cation of field samples were used for pathogenicity
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test. All tested SMV isolates showed the same reaction
patterns on 11 differential cultivars and, therefore, we-
re classified as one pathotype (data for only UA1Gr
isolate are shown in Table 1). As shown in Table 1,
UA1Gr isolate could not infect such soybeans as Og-
den, Raiden, York, PI 96983, V94-5152, PI 264555
and «Suweon 97» carrying resistance genes RsvI-f,
Rsvi-r, Rsvi-y, Rsvl, Rsv4, Rsvi-k and Rsvi-h, res-
pectively. However, UA1Gr isolate infected systemi-
cally Harosoy plants containing the Rsv3 resistance ge-
ne, as well as seedlings of susceptible cultivar Essex
(Table 1). For «Tousan 50» and Marshall soybeans,
local lesions and systemic necroses have developed on
all plants approximately by 10 day post inoculation. Ac-
cording to these results, we have concluded that all five
isolates belonged to the G2 pathotype (Table 1).

For subsequent molecular genetic studies we have
decided to use only one isolate (UA1Gr) of SMV, be-
cause the identical pathogenic properties were shown
for all investigated isolates. The products of RT-PCR
amplification of SMV RNA, isolated from infected
plants of soybean cv. «Gribskaya 30», were of the ex-
pected size of 469 bp and 934 bp for CP and P/ genome
regions, respectively. To verify their viral origin these
RT-PCR products were directly sequenced. The resul-
ting sequences were used as a query for BLASTX ana-
lysis against NCBI database (http://blast.ncbi.nlm.nih.
gov/). The results of BLASTX search indicated that our
sequences correspond to nucleotide positions 8625 to
9069 (central region of CP) and 129-1056 (P! regi-
on) in the genome of SMV strain G2. Thus, an identity
for the sequences of primers’ annealing sites was de-
monstrated between UA1Gr isolate and reference iso-
lates of SMV from NCBI.

The nucleotide (nt) and amino acid (aa) sequence
alignments of the CP region central part and of the
whole P/ region were conducted and analyzed by com-
puter-based programs to compare UA1Gr isolate with
the known strains of SMV. These alignments showed
that the CP nucleotide sequence of the UA1Gr isolate
shared 91.5 to 100 % identity with the sequences of
other SMV isolates (Table 2). Minimum nt similarity
was observed between SMV-UA1Gr and -G3, -G1,
-G7, while maximum — between SMV-UAI1Gr and
-VA2 (Table 2). At the same time, comparison of CP aa
sequences showed 100 % identity between SMV-
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UAI1Gr and most of other SMV isolates except G7,
G7A and G6H (Table 2). These data indicated that vast
majority of nucleotide substitutions in the central part
of CP region were synonymous. It is not surprising be-
cause the regulation of viral RNA amplification and the
requirement to assemble stable virions impose intense
purifying selection pressures on the CP sequences [6,
19]. The alignment of the P/ sequences showed that the
similarities for different SMV isolates varied within the
range of 87.6-99.3 % for nt sequences, and 86-99.4 %
for aa sequences (Table 2).

It is interesting, that P/ nt sequences of UA1Gr and
VA2 isolates were also found to be the most similar to
each other. A higher level of aa tolerated variability in
the P1 compared to the CP-coding regions suggests a
larger number of non-synonymous substitutions occur-
ring in the P/ region. The P1 protein is known as the le-
ast conserved region of the entire polyprotein of poty-
virus [6, 11, 18].

Comparison of the aligned N- and C-terminal aa
sequences of the P1 protein between UA1Gr isolate
and the known strains of SMV showed that aa substi-
tutions were conservatively distributed over the entire
coding region. However, significant N-terminal varia-
tions were found in aa sequences of G2 strains, par-
ticularly between aa positions 92 and 100. As shown in
Fig. 2, UA1Gr isolate has aa substitution of Asn by Asp
at the position 276 contrary to others. Interestingly,
nine SMV isolates (UA1Gr, N, VA2, WS37, L-RB,
G4, ChGs2, G2, and WS156) have amino acid dele-
tion at the position 198 from the N-terminus, therefore
their P1 protein has only 308 aa, comparing to 309 aa of
other strains (Fig. 2). From Fig. 2 it is obvious, that
C-terminal region of the P1 protein of WMV isolate is
much more similar to the same region of other SMV
isolates, contrary to N-terminal region of this protein.
These results are consistent with those of the analyses
for other potyviruses, which all contain highly con-
served residues responsible for self-cleaving protease
activity, exactly at the C-terminal region of the P1 pro-
tein [2, 11, 19]. We have observed no differences in the
proteolytic triad composed of His222, Ser263 and Phe-
Val-Val-Arg-Gly between the positions 283 and 287
for all SMV and WMV isolates, except for the sub-
stitution of the second Val for Ile in case of Sc6 isolate

(Fig. 2).
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Fig. 1 to article by Sherepitko D. V. et al.

Fig. 1. Necrotic veinal lesions on primary leaves of Phaseolus vulgaris
cv. Topcrop (7 days post inoculation). Lesions were cut from the leaf
and inoculated into Glycine max cv. «Gribskaya 30» to recover bio-
logically purified isolates of Soybean mosaic virus; @ and b — zoomed
sections

Figures to article by Kordium V. A. et al.

Puc. 1. O6pazoBanue hopma3aHa Ha BE3UKyJIaX B )KUBOH ME3CHXHU-
MaJIbHOM KJIeTKe

Puc. 2. Kaapsl BupeodparmMenTa, JeMOHCTpHpYIOLHEe o0pa3oBaHue
rpany’ popMasaHa Ha IBUKYLIMXCS BU3HMKYNaX. Bumeo moctynHo Ha
caiite xypHaia www.biopolymers.org.ua

Figures to article by Kordium V. A. et al.

Puc. 4. «MrHoBeHHbBIE» KOHTAKTbl MEXK/Y MOJBHKHBIMH BE3HKYJIAMHU.
Buneodpparment, coOpaHHbIi 13 HOCIEA0BATENEHO OTCHATBIX C HHTEP-
BAJIOM B 5 ¢ KaJpOB, AEMOHCTPUPYET ABWKECHHE BE3UKYJI, IPU KOTO-
pPOM MOTYT BO3HHKATh KPaTKOBPEMEHHBIC KOHTAKTHl MEXTY HHMH.
Buusy npezncrapiens! Tpu HOCIe10BaTEIbHBIX (C HHTEPBAJIOM B 5 ¢)
Kazpa, rje 3aMKCHPOBaHbI H3MEHEHHS B3aUMHOTO PACIIONIOKEHUS Be-
3HKYJI, IIPU KOTOPOM MEXy HUMH 00pa3yeTcs Takol KOHTAKT. Besu-
KyJIbl BHU3YaJIH3UPOBAIN C MOMOILBIO HHTEPHEPEHIIMOHHOIO MUKPO-
CKOIIa, JIAIOLIEro BO3MOXHOCTh BUJETh «HEPOBHOCTU» Ha IOBEPXHO-
CTH KJIETKH, BbI3BaHHBIC JBH)KEHHEM BE3UKYJ1 B LuToruiazme. Jlis
JUTUTEIBHOTO CIEXKEHUs OblIa CO31aHa CIeIHaIbHAs TEPMOCTaTHPYe-
Mast KaMepa co CpeJloi, B KOTOPOi MOXHO HaOJII0aTh 3a KJIETKaMH B
TEYEHHE HECKOJIbKUX YacoB

Puc. 5. Kagpsl BugeodparmMenra, 1eMOHCTPHPYIOIIHE KOHTAKTBI pa3-
JINYHBIX Be3UKYJ1. Bpemst konTakra 225 —115=110 c. Apredakr Hano-
JKEHHSI UCKIIFOYAeTCsl OUeHb MaJIOH TIyOHHO# pe3KoCTH (MEHBIIIE TOJ-
LIMHBI BU3HKYJIBI). Buaeo goctymHo Ha caiite sxypHana www.biopo-
lymers.org.ua



PARTIAL SEQUENCING AND PHYLOGENETIC ANALYSIS OF SMV ISOLATED IN UKRAINE

10 20 3‘0

P I T R I
ISCASNSVMPVOAVOMAKOVPS

4|0
AR

AP P R
MATIMIGSMAISVPNTH,

2[|]0
ZKGKRV!

210 2‘20
LP|

230

ol T
HEEGKYIHQE

o
LVEFITG

A P P
KVCYVRKHGAILPKFS|

g --EG..RN..IR. ooaloo
P..I..KRRK.NFR.N....¥Y...I.

50 70

P T R I A
GVLY TLKREGS TOVH EAFDODVGIORRL

KHEEALRKFQ|

P
LOYASTVEFLPVE

2“50
FAKYKSIN

260

[ P I
DITYGDSGLLFDEI

LADI

'CM

HH:

e e

ﬂl 0
LV

270

RS

[0

ol
KHSSIOSTK

100
KNGLTLRRLTLE

| 110
QARAKEAA

| 2?0
SLTTDHTKLE
N

290 200

P P I I
LPYFVVRGRRNGKLVNALEVWE

K

--N..
PI..E..T

E...P.5.F.EFR

Fig. 2. Comparison of aligned P/ amino acid sequences of Ukrainian isolate (UA1Gr) to those of known strains of SMV. The upper box indicates
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Fig. 3. Phylogenetic analyses for
nucleotide sequence (4) and amino
acid sequences (B) of P1 protein re-
gion of Ukrainian isolate (UA1Gr)
and those of 21 known strains and
isolates obtained from the NCBI da-
tabase (GenBank accession num-
bers see in the Table 2). Phyloge-
netic analyses for nucleotide sequ-
ence of CP region separately (C) or
jointly with PI region (D). The phy-
logenetic trees (unrooted) were re-
constructed by the ML method ap-
plying Kimura’s two-parameter mo-
del for nucleotide sequence analy-
ses and NJ method with p-distance
model for amino acid sequence ana-
lyses. The P/ and CP sequences of
WMV (EU660580) were used as
the outgroup. The numbers near the
branches indicate bootstrap percen-
tages based on 1000 replications (on-
ly values > 50 % are shown). The
scale bar shows the number of sub-
stitutions per base
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Phylogenetic analysis of the nt and aa sequences
conducted for one Ukrainian isolate (UA1Gr) and 21
previously known SMV isolates demonstrated the sa-
me general trends observed in the percent identities of
the sequences. Using phylogenetic tree for nt sequen-
ces of P/ gene reconstructed by the ML method and
applying Kimura’s two-parameter model (Fig. 3, 4),
we found that Ukrainian isolate UA1Gr is most closely
related to SMV-VA2 and belongs to one clade with G2,
G4, WS156, L-RB, N and WS37 isolates (99 % boot-
strap). Almost the same result was obtained for aa se-
quence of the P1 protein, when NJ method with p-dis-
tance model was used (Fig. 3, B). The grouping in the
trees obtained for P1 was consistent with the previous
whole-genome study of SMV [18]. Such good sepa-
ration of SMV isolates into genetically distinct groups
can be explained by using the highly polymorphic P1
sequence that is not strictly required for viral infec-
tivity. On the other hand, this protein interacts with a
varying set of plant factors during the process of host
adaptation; therefore P1 is under strong positive se-
lection [18, 19]. In contrast, ML tree constructed from
the central part of the CP regions provided low se-
paration of SMV isolates and was non-informative be-
cause the phylogenetic tree for the combined CP and
P1 sequences appeared closely similar to that reconst-
ructed for the P/ sequence alone (Fig. 3, 4, C, D). As
mentioned above, high conservatism of the CP region
is considered to be associated with stronger functional
and structural constraints imposed on it [18, 19, 26].

Our phylogenetic analysis did not show clear rela-
tionships between the phylogeny of the isolates and
their geographical origin, that can be explained by the
recombination events between genomes of SMV iso-
lates [17, 18].

Conclusions. Taking into account the investigation
of pathogenic properties and the results of phylogenetic
analysis, we have concluded that SMV isolates from
Ukraine belong to the G2 strain group that is wide-
spread in North America. Since SMV is highly trans-
missible through seed and by aphids, such results were
not surprising. We have assumed that the diversity of
parental soybean genotypes obtained from different co-
untries and concentrated on one breeding plot, can be
the source of prime viral infection for the newly created
cultivars. In our opinion, SMV isolates obtained in this
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study could be employed by the national breeding pro-
grams to create soybeans with durable virus resistance.
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YacTkoBe CekBeHyBaHs i (piIOreHeTHYHMI aHali3 Bipycy Mo3aiku coi,

i30J1bOBaHOrO B YKpaiHi

Pestome

Mema. Ilopienamu monexyisapHo-0i0102iuHI 61ACMUBOCTT YKPAIHCH-
Kux izonamis sipycy mozaiku coi (BMC) i3 enacmusocmsamu 6ioomux
3AKOPOOHHUX [3019MI8 Yb0O2O GIPYCY, A MAKOHC NPOCTIOKYBAMU IXHE
Modcauee noxoocents. Memoou. Mexarniuna iHoKyasayis, noiimepas-
Ha 1aHY10208a peaxyis 3i 360pOMHOI0 MPAHCKPUNYIEIO, CEKBEHYBAHHS
JIHK ma ¢inocenemuunuii ananis. Pesynomamu. Ha cenexyitinux oi-
asamkax y Binnuyekiii obracmi 6i0ibpano ma @ nooansuomy ouuyeno
n’amo izonamie BMC. Ilokasarno, wo éci docnioxcysani izonsmu BMC
nposeasIomb 00HaKosull cnekmp peaxyii Ha 11 ougepenyirorouux cop-
max coi. inocenemuunuii ananiz HyK1eomuoHUx ma 8i0n0GiOHUX ami-
HoKucromuux nocnioosnocmeti 2enie CP i P1 npodemoncmpysas u-
COKY @hinocenemuyny cnopioHeHiCmb MidC penpe3eHmamusHUM yKpa-
incokum (UA1Gr) ma amepuxancoxkum (VA2) izonsmamu BMC, sxi
ysituLiu 00 00Ho2o kracmepy i3 wimamom G2. Pe3ynomamu nopigHsim-
HS HYKIeOMUOHUX NOCAIO08HOCHel NIOMBEPOUNU NPUNYUWEHHS CMOo-
Co8HO Mo2o, wo pisni oinanxu cenomy BMC nepebysaioms nio neoona-
KosuM egonoyiiuHum muckom. Bucnoeku. Buodineni ¢ Yrpaini izonamu
BMC nanearcams 0o wumamosoi epynu G2 i, iMogipHo, noxo0sims 3 me-
pumopii Iliguiunoi Amepuxu. Ha nawy oymxy, ompumani é 0ariti po-
oomi izonamu BMC akmyanoho guxopucmogysamu y 6imuusHAHUX ce-
JeKYItiHUX npocpamax OJiss CMEOPeHHs GIPYCOCMIUKUX COpMIs COi.
Kntouosi cnosa: eipyc mosaixu coi, nomigipyc, Glycine max,
nocioogHocni HyKneomuois, Qinocenemudnuil aHanis.
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YactuuyHoe CCKBCHUPOBAHUC U Q)HHOFCHCTI/IL[CCKI/Iﬁ aHaliu3 BUpYCa

MO3aUuKH COU, U30JIUPOBAHHOT'O B YKpaI/IHC

Pestome

Leny. Cpasnume monexynspHo-ouono2udeckue c6ouUcmea yYKpauHCKux
uzonamos gupyca mosauxu cou (BMC) co ceoticmeamu uzeecmmoix
UHOCMPAHHBIX U30IAMO8 IMO20 BUPYCA, A MAKIICE NPOCIEOUMb UX 803~
MmodicHoe npoucxodicoenue. Memoowl. Mexanuueckas UHOKYISAYUS, NO-
MUMEPA3HASL YenHas peakyus. ¢ 06pamHol MPAHCKPUnyuel, ceKgeHu-
posanue THK u gpunocenemuuecxuii ananus. Pesynomamut. Ha cenex-
YUOHHBIX yyacmkax 6 BunHuyxotl obnacmu omobpansl u 6 nociedyio-
wem ouuwjenvt namos usoaramos BMC. Iloxazano, umo éce uzyuaemoie
U307AMbL OEMOHCMPUPYION 0OUHAKOBbLI chekmp peakyuti Ha 11 oug-
Gepenyupyrowux copmax cou. Punozenemuyeckull aHaiu3 HyKieo-
MUOHBLX U COOMBEMCMBYIOUUX AMUHOKUCTOMHBIX NOCIE08AMENbHO-
cmeti eenos CP u Pl 6bisgun @ulcoxuii ypogens (PuioceHemuieckoo
poodcmea medxncoy penpesenmamuenvim ykpaurckum (UAL1Gr) u ame-
pukanckum (VA2) uzonsmamu BMC, sowedwumu 6 00un kiacmep co
wmammom G2. Peszynomamul cpasnenus HyKieomuoHblX nociedosd-
menvHocmel noOmeepouny nPeonoodiceHune 0 mom, 4mo pasmvle
yuacmru cenoma BMC naxoodsmes nood paznuunvlm 960110YUOHHBIM
Oasnenuem. Boi6oowi. Bvioenennvie 6 Yxpaune uzonsimor BMC npu-
Haonesxcam K wmammogot epynne G2 u, eposmuo, AGIAIOMC npugHe-
cennvimu ¢ meppumopuu Ceseproui Amepuxu. Ha naw 63en:0, nony-
ueHHbvle 8 OaHHoU pabome uzonamuvl BMC akmyansHo ucnonvsosams 6
OMmeyecmeeHHbIX CENeKYUOHHBIX NPOSPAMMAX OJisL CO30AHUSL BUPYCOYC-
MOUYUBLIX COPMOB COU.
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Knrouesvie crosa: eupyc mosauxu cou, nomusupyc, Glycine max,
noc1e0068amenbHOCMU HYKIeomuoos, QuiozeHemuiecKull aHauus.
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