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DETECTION OF SOYBEAN MOSAIC VIRUS IN SOME
LEFT-BANK FOREST-STEPPE REGIONS OF UKRAINE

Soybean (Glycine max L.) is strategic legumes world crop of XXI century, which is
located in the center of attention of world agricultural science and production. Soybean
mosaic virus (SMV) is the most prevalent virus and is recognized as the most serious,
long-standing problem in many soybean producing areas in the world. Infection by SMV
usually results in severe yield losses, seed quality, seedling viability reduction of soybean.
Study of soybean viruses in Ukraine were conducted exclusively on the Right Bank of its
parts. However, studies of possible spreading and circulation of these viruses in a left-bank
forest-steppe has not yet been carried out. The aim of the study was to diagnose of viruses
that infect soybeans in the territory of left-bank Ukraine, and investigate some of their
properties. Methods: visual diagnostics, transmission electron microscopy, ELISA, RNA
extraction from plant material, PCR, sequencing, phylogenetic analysis. Results. It was
studied 29 samples of soybean plants in the territory of left-bank forest-steppe of Ukraine
(Poltava, Sumy and Kharkiv region) on the presence of a viral infection. ELISA revealed
that 48% of the samples (13 samples from the Poltava region and I - from Sumy) affected
with Soybean mosaic virus. This is the first report about infecting soybean grown in a left-
bank of Ukraine with SMV. On the basis of previously submitted data on circulation in the
territory of the right bank of the country mixed infection of this virus with Bean yellow mo-
saic virus (BYMV) and Alfalfa mosaic virus (AMV), the test samples were checked on the
presence of these viruses. Results of the analysis showed the absence of BYMV and AMV
antigens. It was found that the studied SMV isolates differ in virions size from the previ-
ously identified Ukrainian SMV isolates. Phylogenetic analysis of the nucleotide sequence
of the capsid protein gene of Soybean mosaic virus showed a 100% level of phylogenetic
relatedness between the Ukrainian representative isolate and Chinese, Iranian isolates,
American isolate 452, and Polish isolate M, which testifies to their common origin.

Keywords: Glycine max, Soybean mosaic virus, Bean yellow mosaic virus, Alfalfa
mosaic virus, ELISA, PCR, sequencing, viruses morphology, phylogenetic analysis.

Soybean mosaic disease was first documented in the USA in 1915 [1] and its
viral etiology in the detail was described by Gardner and Kendrick [2]. Since
then, the virus has been found in China, Japan, South Korea, Canada, Brazil,
Australia and other countries where soybean is grown, and in Ukraine [3-5].

Now it is known that soybean mosaic disease is caused by Soybean mosaic
virus (Potyvirus, Potyviridae), and that it is the most widespread and is recog-
nized as the most serious, long-standing problem in many soybean producing
areas in the world [6]. Infection by SMV usually results in severe yield losses
from 8% to 50% [7] under natural field conditions and reach up to 100% in
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severe outbreaks [8]. SMV-infection can cause change chemical composition
of the seed, reduce seedling viability [9] and cause seed coat mottling.

Since SMV is a seed-borne viral pathogen and aphids efficiently spread
it from plant to plant while they feed, it is difficult to control the virus and
produce SMV-free seeds. Furthermore, SMV often infects soybeans with other
viruses: Bean pod mottle virus, Alfalfa mosaic virus, Tobacco ringspot virus
[6, 10] and Bean yellow mosaic virus [4]. The most effective and efficient
measures to protect plants against viral diseases that interrupt the circulation
of the virus in soybeans and significantly reduce their harmfulness is timely
diagnostics of diseases, creation and cultivation of resistant soybean varieties
and the use of virus-free seed.

First report about SMV in Ukraine was in 1938. Later this virus was detected
in soybean fields in eastern and southern regions [3]. A more detailed study of
the properties and origin of the Ukrainian SMV isolates were conducted in
2011-2012 only on the right bank part of Ukraine. Thus, a mixed infection
of SMV with Bean yellow mosaic virus [4] and Alfalfa mosaic virus [10] in
soybeans in Kyiv, Cherkassy and Vinnitsa regions was detected. However, a
detailed study of viruses’ circulation in soybeans under natural conditions of
left-bank forest-steppe has not yet been carried out.

In view of the above, the aim of the study was to conduct the diagnostics
and identification of viruses that infect soybeans in the territory of left-bank
Ukraine, and investigate some of their properties.

Materials and methods. Plant samples with disease symptoms of a viral
etiology were selected for soybean crops in Poltava, Kharkiv and Sumy regions
[11].

Biological tests carried out by mechanical inoculation of indicator plants in
phase two true leaves with sap of infected soybeans.

Morphology of virus particles was determined by transmission electron mi-
croscopy method. Contrasting has been made with 2% solution of phosphorus-
tungstic acid [12]. Virions are investigated using electron microscope JEM
1230, 1400 (JEOL, Japan).

Double antibody sandwich enzyme-linked immunosorbent assay (DAS-
ELISA) with anti-SMV-IgG, anti-BYMV-IgG and anti-AMV-IgG («Loewep,
Germany) were used for viruses identification. The results of reaction regis-
tered on the reader (Termo Labsystems Opsis, USA) with Dynex Revelation
Quicklink software at lengths of waves of 405/630 nm. All samples showing
values three times higher than the negative control are assumed as virus posi-
tive [13].

Total RNA was extracted from virus-infected soybean leaves using the
Genomic DNA purification kit (Thermo Scientific, USA). The results were
checked by RNA electrophoresis in 1.5% agarose gel used as a dye ethidium
bromide solution at the concentration of 0.5 mg / ml.

RT-PCR was carried out using Qiagen one Step RT-PCR kit+Q-solution
(Qiagen, USA) and thermo cycler (Genetic research instrumentation LTD,
UK).

A pair of the specific oligonucleotide primers: SMV1 (5’ tgcagcagaagctta-
cattga 3’), SMV2 (5’ tgttaactcccgagagagctg 3”) were used for amplification of
the part (194 bp) of the SMV capsid protein gene. Places of primers annealing
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have noted the example of the nucleotide sequence of isolate which is included
in the GenBank under accession number GUO15011.1.

Thermal cycling conditions were: 95°C for 15 min, 95°C for 30 s, 56°C for
30 s, 72°C for 1 min, 72°C for 5 min. Analysis of PCR amplification products
was performed by electrophoresis in 1.5 % agarose gel using a DNA marker
Gene Ruler Plus 100 bp (Fermentas, USA) [14].

Amplification products (cDNA) were purified using a set of reagents High
Pure PCR Product Purification Kit (Roche Applied Science, Germany). Se-
quencing of purified amplified fragments was performed on the Applied Bio-
systems 3730x1 DNA Analyzer with Big Dye terminators, version 3.1 (Applied
Biosystems, USA).

Identification and comparison of the sequence with sequences of
SMV isolates from GenBank were performed using BLAST analysis
(http:// www.ncbi.nlm.him.gov). The phylogenetic analysis was performed
using MEGA 7 software. Phylogenetic tree was constructed by maximum
likelihood algorithm (ML). Bootstrap test with 1000 bootstrap replications was
used to check the reliability of the constructed trees.

Statistical analysis of experimental data was performed by parametric crite-
ria of normal distribution option, the standard deviation of the mean values —
with the conventional method using computer programs MS EXCEL [15].

Results. In 2015 observation of soybean crops in the fields in Poltava, Sumy
and Kharkiv regions showed symptoms of leaves rugosity, clearly marked dark
green bloating between the veins (Fig.1).

Fig. 1. Symptoms of rugosity and clearly marked dark green bloating on the leaves:
1 — sample Ne 27, Sumy region; 2 — sample Ne 17, Poltava region

Plants with specified symptoms (29 samples) were selected for further
studies.

According to the scientific literature symptoms similar to we have identified
may cause Soybean mosaic virus, Alfalfa mosaic virus and Bean yellow mosaic
virus [4, 10].

In order to identify a pathogens detected in soybean was preformed ELISA
using antisera to viruses that are common to this culture in the world and are
found in Ukraine, as well as similar morphological characteristics (Soybean
mosaic virus (SMV), Alfalfa mosaic virus (AMV) and Bean yellow mosaic
virus (BYMV).

The analysis showed that 48% of selected samples contained antigens of

ISSN 0201-8462. Mixpobion. scypu., 2017, T. 79, Ne 3 127



Soybean mosaic virus (SMV), the largest number of the tested samples were
selected in the Poltava region (samples NeNe 2, 3,5, 9,10, 12-15, 17-19 and 21)
(Fig. 2). Only the one sample (Ne 27), containing SMV antigens was detected
on the territory of Sumy region (Fig. 3).
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Fig. 2. Content of the Soybean mosaic virus antigens in soybean samples, Poltava region
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Fig. 3. Content of the Soybean mosaic virus antigens in soybean samples,
Sumy and Kharkiv region

This is the first report about SMV affecting of soybeans grown in left-bank
forest of Ukraine.

Due to the reports of soybean infection in Ukraine with Alfalfa mosaic virus
and Bean yellow mosaic virus studied samples were tested on the presence of
these pathogens. ELISA results showed no antigens of BYMV and AMV in all
tested samples.

The electron microscopy method revealed that the studied isolates of
Soybean mosaic virus are filamentous virus particles. However, they differ
greatly in virions length depending on the soybean sample. It was found three
modal lengths of viral particles: 530-550 nm, 620-650 nm and 800-820 nm
with a width of 14-17 nm (Fig. 4).

Morphology of investigated SMV isolates is similar to viruses from genus
Potyvirus, Potyviridae, which are filamentous virions (680-900 x 11-13 nm).
According to the literature previously isolated Ukrainian SMV isolates have
650-750 x 17-18 nm [10] and 700-760 nm [4].

128 ISSN 0201-8462. Mixpobion. scypn., 2017, T. 79, Ne 3



100 nrn)
| =

I 0)0). 0115

Fig. 4. Electron microscopy picture of Soybean mosaic virus isolates detected in soybean
samples from left-bank Ukraine: 1 — 620-650 nm (JEM-1400); 2 — 530-550 nm;
3 —800-820 nm (JEM-1230)

To investigate the belonging to strain clusters and genetic relatedness of
studied SMV isolate with already known and described in the literature, we
have conducted the RT-PCR. RT-PCR showed the presence of Soybean mosaic
virus in the sample Nel7 from Poltava region (Pol-17), as evidenced by the
presence in agarose gel amplicons of appropriate size (194 bp) (Fig 5).

Phylogenetic analysis of the nucleotide sequence of the part of capsid
protein gene (positions 9505-9699 bp) of SMV isolate from Poltava region
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Fig. 5. The electrophoregram of RT-PCR products:
1 — cDNA, soybean sample Ne 17, Poltava region.
Product size - 194 bp; 2 — markers
(100 bp, Fermentas)
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(Pol-17) and 36 isolates and strains of this virus (Table 1) showed a 100% level
of homology between the Ukrainian representative isolate with a number of
Asian, European and American isolates (Fig. 6).

Table 1.

Identity of CP gene nucleotide sequences between Ukrainian SMV
isolate Pol-17 and known strains of this virus

SMV GenBank Country Host References Similari-
Isolate/ accession ties to Pol-
strain No 17 isolate,
%
1. | HB-S19 | KR065491 China Glycine max Lin et al., 100
Unpublished
2. | HB-S23 | KR065495 China Glycine max Lin et al., 100
Unpublished
3. | HB-S25 | KR065497 China Glycine max Lin et al., 99,3
Unpublished
4. | HB-S27 | KR065499 China Glycine max Lin et al., 100
Unpublished
5. | XFQO001 | KP710871 China Glycine max [16] 97,9
6. | XFQO10 | KP710874 China Glycine max [16] 99,3
7. | XFQO014 | KP710876 China Glycine max [16] 100
8. | LJZ002 | KP710865 China Glycine max [16] 95,6
9. | LJZ010 | KP710866 China Glycine max [16] 95,6
10. | SC7-N KP710868 China Glycine max [16] 95,6
11. ChS AHO008450 China Glycine max [17] 100
12 SX-Z KP710870 China Glycine max [16] 99,3
13. A KM886930 Poland Glycine max [18] 95,6
14. M KM886929 Poland Glycine max [18] 100
15. Ar33 KF297335 Iran Glycine max [19] 100
16. Goll KF135491 Iran Glycine max [19] 100
17. Lo3 KF135490 Iran Glycine max [19] 100
18. | strain 452 | AY216485 USA Glycine max [17] 100
19. VA2 AF200584 USA Glycine max [17] 99,3
20. | strain 1083 | AY216481 USA Glycine max [17] 99,3
21. Gl F1640977 USA Glycine max [20] 95,6
22. G2 S42280 USA Glycine max [20] 94,1
23. G3 FJ640978 USA Glycine max [20] 95,6
24, G6 AF200569 USA Glycine max [17] 95,6
25. L EU871724 Canada Glycine max [21] 94,1
26. L-RB EU871725 Canada Glycine max [21] 93,3
27. 1| NP-C-L | HQ166265 Canada Glycine max [22] 91,8
28. NP-L HQ166266 Canada Glycine max [22] 94,1
29. G5H FJ807701 | South Korea | Glycine max [23] 95,6
30. | strain G6H | FJ640981 | South Korea | Glycine max [23] 95,6
31. | WSI101 FJ640957 | South Korea | Glycine soja [23] 95,6
32. WS32 FJ640954 | South Korea | Glycine soja [23] 95,6
33. severe AJ312439 China Pinellia [24] 97,9
strain ternata
34. Am KC845322 China Atractylodes |NiuY.B., 2013 88,5
macrocephala | Unpublished
35. NN KF982784 China Pinellia Lu 80,7
pedatisecta Unpublished
36. HZ1 AJ628750 China Pinellia [25] 85,2
ternata
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Fig. 6. Maximum likelihood (ML) tree resulting nucleotide sequences of part of the
CP gene of Ukrainian isolate Pol-17 and different isolates from other countries (names
and GenBank accession numbers are given in Table 1). The phylogenetic tree was
constructed applying Jukes-Cantor model

As is evident from the phylogenetic tree, isolate Pol-17 belong to the one
cluster and has a common origin with Chinese isolates HB-S19, HB-S23,
HB-S27, SX-Z, XFQO014, ChS, Iranian and M isolate of Polish and American
strain 452 (Fig. 6).

Topology of the tree constructed using nucleotide sequences of the part of
SMYV capsid protein gene was very similar to that recently described for compete
genome sequences of SMV isolates [16]. According to this classification, 83
isolates were divided into four clades — from I to IV. According to it, isolate
Pol-17, that has 100% homology with the Chinese isolate XFQO014, belongs to
clade IV, together with Iranian isolates Ar33, Goll, Lo3 and Canadian isolates
L, L-RB, NP-C-L, NP-L.

This is the first phylogenetic analysis of SMV isolate from the left bank
of Ukraine. Earlier Sherepitko et al. isolated SMV from soybean on the right
bank of the country (Vinnytsia region). It was investigated that Ukrainian
isolate SMV (UA1Gr) for sequences of the coat protein coding region and P1
coding region has strong genetic relationships with SMV-VA2 isolate which
together were sorted in one clade with G2 strain [5]. However, we cannot
include Ukrainian isolate UA1Gr to our analysis because studied areas of CP
gene do not overlap.
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Discussion. For the first time observation of soybean crops in the fields of
left-bank forest-steppe of Ukraine (Poltava, Sumy and Kharkiv region) on the
presence of viral diseases is carried out. Pathogen that causes symptoms of
rugosity and clearly marked dark green bloating on the leaves was identified
(ELISA). It was found that 48% of tested samples are affected with Soybean
mosaic virus. This is the first report about detection of this virus on soybean in
a left-bank of Ukraine. Due to the reports about previously detection of mixed
infection of SMV with Alfalfa mosaic virus [10] or Bean yellow mosaic virus
[4] in Kyiv, Cherkassy and Vinnitsa regions, 29 of soybean samples were tested
on their presence. ELISA results showed no antigens BYMV and AMV in all
tested samples.

Our research showed that SMV isolates from the Poltava and Sumy regions
had a size of 500 to 850 x 13-17 nm. So, the length of virions differs from
previously isolated SMV in Ukraine. According to the literature, the Ukrainian
SMYV isolates have sizes of 750 = 25 nm [3], 650-750 x 17-18 nm [10],
700-760 nm [4].

Phylogenetic analysis of the nucleotide sequence of the capsid protein
gene of Soybean mosaic virus showed a high level of phylogenetic relatedness
between the representative Ukrainian isolate and Chinese, Iranian isolates,
American isolate 452, and Polish isolate M, which testifies to their common
origin.

Results of our phylogenetic analysis as the data of many other authors
[5, 17, 18, 20, 23] testifies about absence of clear correlation between genetic
differentiation and geographical origin that can be explained with the processes
described for the SMV recombination between its various strains.

So, Seo et al. [20, 23] analyzed the 44 SMV isolates and strains and did
not provide clear clues for classifying the SMV population according to geo-
graphical origins. All known isolates/strains they are largely divided into two
geographic subpopulations, Far East Asia and North America.

Soybean originated in East Asia and has been cultivated for several thou-
sands of years, and it was recently suggested that SMV, like soybean itself,
originated in South East Asia when it diverged from WMV around1500 years
ago, and further diverged into the soybean and Pinellia lineages around a 1000
years ago [26]. However, in North America, soybean was first introduced in
1765 and has been widely spread there in the early twentieth century. As soy-
bean is the natural host of SMV in fields, the history of the virus in North
America is believed to be similar to that of soybean [20, 23]. Comparison of
nucleotide diversities of within- or between-population also revealed that little
genetic differentiation has occurred between two geographical subpopulations.
Thus, it is likely that few sequence diversity have yet accumulated in SMV
population of North America. This, taken together with our phylogenetic re-
sults, also suggests that not much genetic drift has occurred in the SMV popu-
lation. On the other hand, the involvement of such human activities as trade of
SMV-infected soybean seed or relatively recent spread of the virus from Asia
on a global scale can be another possible reason for phylogenetic inconsistency
on geographical clustering [20, 23].

Results show that SMV isolates have a high level of homology among
themselves and the most significant difference was found between strains from
Far East Asia and North America, which made it possible to divide them into
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two geographical subpopulations. It should be noted that some authors speak of
a great genetic variability of isolates form, a variety of symptoms and severity
of the disease than North American isolates that may be associated with a much
older cultivation of soybean in China (more than 2 thousand years ago), and
then for a long time and the evolution of SMV strains in the region.

Obtained in this study data about affecting of soybeans in three regions of
Ukraine by SMV indicate about detection of the pathogen in large soybean pro-
ducing areas of the country that can be a significant danger to agriculture, given
that the virus can cause epiphytoties and reducing of seed quality of this crop.

Miwenxo JIL.T.!, Iyniu A.A.", Illesuenxo T.IL.", Byozaniscexa L.I.",
Honiwmyx B.IL.', Anopiituyx O.M.', Monuaneus O.B.', Anminos 1.0.?
! HHI] «Incmumym 6ionoeii ma meouyunuy,

Kuiscokuii Hayionanvuuil yHisepcumem imeni Tapaca Illesuenka,
8y1. Bonooumupcoka, 64/13, Kuis, 01601, Ykpaiua,

2 HayionansHuil yrisepcumem 6iopecypcie i npupodOKOPUCY 6aHH3,
8yn. I'epois oboponu, 15, Kuis, 03041, Yxpaina
BUSIBJEHHSA BIPYCY MO3AIKH COI B JESAKHNX OBJACTAX
JIBOBEPEKHOI'O JIICOCTEINY YKPATHH

Peswome

Cos (Glycine max L.) € cTpaTeriyHo0 3¢pHOOO0OOBOIO KYJIBTYPOIO CBITOBOTO 3eMIIC-
poberBa XXI croniTrs, sika nepeOyBae B LIEHTPI yBaru CBITOBOI arpapHoi HayKH i BU-
pobuunTBa. Bipyc mo3aiku coi (BMC) e 30ymHUKOM OIHi€l 3 OCHOBHHX Ta HaWOiIBII
IIKOZIOYMHHUX BIPYCHHUX XBOPOO, sIKa MOIINPEHA B arpoI[eH03aX yCiX COECIIOUNX PErioHIB
cBiTy. [H¢ikyBanHs pocinun coi BMC npu3BoauTh 10 3HaYHUX BTPAT BPOXKAIO Ta CIIPH-
YHHSE 3HIWKCHHS SKOCTI HACIHHA Ta KHUTTE3TATHOCTI cxoiB. JloCiKeHHS BipyCiB cOi B
VYkpaini Oyiu ipoBeneHi BuKITtouHO Ha [IpaBoOepexkHiil ii wacTuni. OnHAK, BUSBICHHS Ta
MOXKJIMBOTO MOMIMPEHHS 1 IUPKYJIALIT X BipyciB B ymoBax JliBoGepexnoro Jlicocremny
norenep He npoBoamtocs. Meta. [IpoBecTr AiarHOCTHKY Ta iACHTU]IKAIIIO BipyciB, sKi
YPaKyIoTh coto Ha Teputopii JIiBoOepexxHoi Ykpainu, Ta JOCIiJUuTH AesKi 3 iX BIAaCTHBOC-
Teil. MeToau: BisyasibHa JIIarHOCTHKA, TPAHCMICIiTHA €JIeKTPOHHA MIKPOCKOIIis, IMyHO-
(depmenTHHUi aHani3, BuAiIeHHs TotanbHOi PHK i3 pocimaHOTO Marepiamy, momiMepasHa
JIAHIIOTOBA peaKilis, CHKBEHyBaHHs, (ijoreHeTnunuii anaiiz. Pesyabraru. locmimkeHo
29 3paskiB pociuH coi Ha Tepurtopii JliBobepeskHoro Jlicocreny Yipainu (ITonraBceka,
CymMmcrka i XapkiBchKka 001acTi) Ha HassBHICTB BipycHOI iH(ekmii. Metomom IDA BcTaHOB-
neHo, mo 48% 3paskis (13 3paskiB i3 [ToaraBcbkoi obmacti Ta 1 — 3 Cymcbkol) ypakeHi
BipycoM Mo3aiku coi. Lle nepuie nosigomienHs npo ypaxenus BMC coi, BupomieHoi B
ymoBax JliBoOepexkHoi YkpaiHu. 3Bakalouu Ha paHillle MpefcTaBIeHi JaHi 00 HTUPKY-
msinii Ha Tepuropii [IpaBoOeperkHOT YacTHHU KpaiHu 3Mimanoi iH(eKIil 1boro Bipycy i3
BipycoM x0BT01 Mo3aiku kBacoii (BJKMK) Ta Bipycom mo3aiku mrouepuu (BMJI), nocii-
JDKYBaHI 3pa3ky Oyl HAMU TTepeBipeHi Ha HAsSBHICTS 1 IIUX 30yAHUKIB. Pe3ynpraTtu aHamizy
mokasainu BincyTHicTh antureHiB BXXMK 1 BMJI. BeranoBieHo, o 10CiuKyBaHi i305TH
BMC Binpi3HsIOTECS 32 po3MipaMH BipiOHIB BiJl BUAIJICHUX paHinie B YKpaiHi i30J14TiB
BKa3aHOTO 30yaHHKa. DimoreHeTHYHMIA aHai3 HYKICOTHIHHUX MOCIiTOBHOCTEH MiIAHKH
reHa KalcuaHoro Oinka Bipycy Mo3aiku coi BusiBuB 100% piBeHb (ijoreHeTn4HOi crio-

PIITHEHOCTI MIXK PEIIPEe3eHTaTHBHUM YKPATHCHKUM 130JI1TOM Ta KUTAHChKUMH, IpaHCHKUMH
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130JI5ITAMH, @ TAKOK AMEPUKAHCHKHIM 130J15ITOM 452 1 MOJILCHKHM 130517T0M M, 1110 CBIYHUTH
po iX CHiIbHE TOXOKEHHS.

Kniouosi cnosa: Glycine max, Bipyc MO3aiku cOi, BIpyc MO3aiKH JIOLEPHH, BipyC >KOB-
TOi MO3aiku KBacodi, imyHodepmenTHui anainis, [1JIP, cukBenyBanus, Mmopdosoris Bipy-
CciB, QiTOTeHETHYHNUI aHATi3.

Muwenxo JL.T., /lynuu A.A.", lllesuenko T.IIL.', Byosanueckas HU.I.",
Honuwyk B.I1.7, Anopuituyx E.H.', Monuaney O.B.", Aumunoe H.A.*
"OHI] «Ancmumym 6uonozuu u meouyunsly, Kuesckuil nayuonanbnulil ynueepcumem umenu
Tapaca Lllesuenxo, yn. Braoumupckas, 64/13, Kues, 01601, Vkpauna
2 HayuoHanvHwiil yHUSEpCcUumem 6uopecypcos i npopoOonoib3068aHus,
yn. I'epoes Oboponul, 15, Kues, 03041, Yxpauna
BBISABJIEHUE BUPYCA MO3AUKHU COU B HEKOTOPBIX OBJIACTAX
JEBOBEPEKHOM JIECOCTENN YKPAUHBI
Pesome
Cos (Glycine max L.) ssBnseTcst cTparernieckoil 3epH006000BOI KYIBTYpOil MUPOBOTO
3emutesienust XXI Beka, KOTopast HAXOANUTCS B LICHTPE BHUMAHUS MUPOBOM arpapHOi HayKn
U rpousBocTBa. Bupyc mo3anku con (BMC) siBnsiercst BO30yanTEIEM OHOTO M3 OCHOB-
HBIX 1 Han0oJIee BPEJOHOCHBIX BUPYCHBIX 3a00JIEBaHU, KOTOPOE PaCIpOCTPAHEHO B arpo-
IIEHO3aX BCEX COECEIOINX PETHOHOB Mupa. MHpunnposanue pacrennii con BMC npuso-
JIUT K 3HAYUTEIEHBIM TIOTEPSIM ypOrKast, CHIDKEHHUIO Ka4eCTBa CEMSIH 1 KM3HECTIOCOOHOCTH
BCX0f0B. VccrenoBanus BUPYCOB COM B YKpanHE ObUTH MPOBEICHBI HCKIIOUNTENFHO HA
ITpaBobGepexHoii ee yacTu. OHAKO, HCCIIEIOBAHNS BO3MOXKHOTO PACTIPOCTPAHEHHUS U LIHP-
KYJISIIIH 3THX BUPYCOB B ycioBUsIX JleBoOepesxHolt JlecocTenu 10 cux mop He MpoBOJIH-
nock. Leas. [TpoBecTn THarHoCTUKY BHPYCOB, KOTOPBIE MOPAXKAIOT COI0 HA TEPPUTOPUH
JleBoGepexxHON YKpauHbI, H UCCIIEIOBATh HEKOTOPBIE U3 UX CBOMCTB. MeTOoIbI: BU3yallb-
Hasl TMarHOCTHKA, TPAHCMHUCCHOHHAS AJIEKTPOHHAS! MUKPOCKOIIHSI, UMMYHO(pEPMEHTHBIN
aHanm3, Bbiienenue TotanbHoi PHK n3 pactutenbHOro Marepuana, mojmMepasHas mer-
Hasl peakiysi, CHKBEHHpOBaHue, (hpritoreHeTndyecknii ananus. Pesyabrarel. MccnenoBano
29 o0pasioB pacreHuii con Ha Tepputopuu JleBodepexnoii Jlecocrenn Ykpanust (ITon-
taBckasi, Cymckast 1 XapbKoBCKasi 00J1acTH) Ha HAJIM4Ke BUpycHOU MHpeKImu. MetogoM
H®DA ycranosneno, uro 48% obpasmos (13 obpasuos u3 [lonrasckoii obnactn n 1 — u3
CyMcKoii) TOpakeHbI BUPYCOM MO3aHKH COU. JTO IepBoe coodIeHne o nmopaxkenun BMC
coH, BBIpaIIeHHOH! B ycaoBusax JleoOepexHoil Ykpannsl. Mcxoms u3 paHee npeicTaBieH-
HBIX JaHHBIX O IUPKYJSIIUHU HA TeppuTopun [IpaBoOepekHOI YacTH CTpaHbl CMEIIaHHON
MH(]EKINH 3TOT0 BHpYyca ¢ BUPYCOM XKenToi Mo3anuku ¢pacomu (BXXM®) n Bupycom mo3a-
uku sorepusl (BMJT), nccienyembie 00pasiibl ObLIM HAMH TPOBEPEHBI HA HAJTMYHE U ATUX
BO30yauTeNel. Pe3ynpraTel aHamm3a moka3and OTCyTCTBHE aHTHTeHOB BXKM® u BMJL
YcraHoBIIEHO, 4TO HUccneayeMsle n3oiaTel BMC otnnuarores mo pasmepaM BUPHOHOB OT
BBIJICJICHHBIX paHee B YKpauHEe U30JIATOB yKa3aHHOTo Bo30ynuTesss. OuioreHeTHueCKHii
aHaJIN3 HYKJICOTHIHBIX ITOCIIEOBATEIBHOCTEH yyacTka reHa KalCHaHOTo Oelika BUpyca
Mo3auku cou mnokaszan 100% ypoBeHb (pHIIOreHeTHYECKOro POJCTBA MEXK/Ty pelpe3eHTa-
TUBHBIM YKPAaUHCKHUM H30JIATOM M KUTaHCKUMH, HPAHCKUMHU M30JIATaMH, a TaKXKe aMepH-
KaHCKHM HM30JI1TOM 452 W TOJNIBCKUM H30JIATOM M, 4TO CBHIETENBCTBYET 00 X 00IIeM
MIPOMCXOXKACHUU.

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



Knioueswie cnosa: Glycine max, BApYyC MO3auKH COU, BUPYC MO3AUKH JIFOIIEPHBI, BUPYC

KENTON MO3anKH (hacoir, IMMyHO(GEpMEHTHBIN aHanmn3, [IL{P, cukBernpoBanme, Mmopdo-

JIOTrrs BUPYCOB, Q)HHOFGHGTI/I‘IGCKI/II\/’I aHaJIu3.

10.

11.

12

13

15.
16.

17.

18.

. Clinton GP. Reports of the botanist for 1915: Soybeans. Annual Report, Connecticut

Agricultural Experiment Station. 1916: 446.

Gardner MW, Kendrick JB. Soybean mosaic virus. Journal of Agricultural Research.
1921; 22: 111-14.

Bilyk LG. [Soybean mosaic in Ukraine]. Thesis PhD. Kyiv; 1967. Ukrainian

. Kyrychenko AM, Kraeva GV, Kovalenko OG. Biological characteristic and identifica-

tion of soybean virus isolated from different Ukraine regions. Mikrobiol. Zh. 2012;
74(1): 46-50. PubMed PMID: 22545444,

Sherepitko DV, Budzanivska IG, Polischuk VP, Boyko AL. Sequencing and phylo-
genetic analysis of Soybean mosaic virus isolated in Ukraine. Biopolym. Cell. 2011;
27(6):472—79. http://dx.doi.org/10.7124/bc.0001 1A

Wang A. Soybean mosaic virus: research progress and future perspectives. In: Proceed-
ings of VIII World Soybean Research Conference; 2009 Ast 10-15; Beijing, China.
Arif M, Hassan S. Evaluation of resistance in soybean germplasm to Soybean mosaic
potyvirus under field conditions. Online Journal of Biological Sciences. 2002; 2:601-
604. Doi: 10.3923/jbs.2002.601.604

Liao L, Chen P, Buss GR, Yang Q, Tolin SA. Inheritance and allelism of resistance to
Soybean mosaic virus in Zaol8 soybean from China. Buss Journal of Heredity. 2002;
93(6):447-52. PubMed PMID: 12642647.

El-Amretz AA, El-Said HM, Salem DE. Effect of Soybean mosaic virus infection on
quality of soybean seed. Agricultural Research Review. 1987; 63:155-64.

Sherepitko DV. Molecular-genetic and biological properties of viruses (soybean mo-
saic potyvirus, alfalfa mosaic alfamovirus) identified on soybean under environmental
conditions of Forest-steppe zone of Ukraine. Thesis PhD. Kyiv; 2012. Ukrainian.
Peresypkin VF, Markov IL, Shelestova VS. [Workshop on the basics of research in
plant protection]. K; 2000. Ukrainian.

.Salyga YuT, Snitynsky VV. Elektronna mikroskopiya biologichnyh obyektiv. Kyiv:

Svit; 1999. Ukrainian.

. Crowther JR. ELISA. Theory and practice. New York: Hamana Press; 1995.
14.

Melnichuk MD, Antipov 10, Spiridonov VG. Molekulyarna diagnostyla ta identyfikat-
cia X-, Y-, M-, S-, L- virusiv kartopli (Solanum tuberosum L.) metodom polimeraznoyi
lantcyugovoyi reaktcii. Metodychni rekomendatcii. Kyiv: Publish center NAU; 2008.
Ukrainian.

Lakin GF. [Biometry]. M: High school; 1980. Russian.

Zhou G-C, Shao Z-Q, Ma F-F, Wu P, Wu X-Y, Xie Z-Y, et al. The evolution of soybean
mosaic virus: An updated analysis by obtaining 18 new genomic sequences of Chinese
strains/isolates. Virus Res. 2015; 208:189-98. PubMed PMID: 26103098.

Domier LL, Latorre 1J, Steinlage TA, McCoppin N, Hartman GL. Variability and trans-
mission of Aphis glycines of North American and Asian soybean mosaic virus isolates.
Arch Virol. 2003; 148:1925-41. PubMed PMID: 14551816.

Jezewska M, Trzmiel K, Zarzyn'ska-Nowak A, Lewandowska M. Identification of
Soybean mosaic virus in Poland. Journal of Plant Pathology. 2015; 97(2): 357-62. doi:
10.4454/JPP.V9712.006.

ISSN 0201-8462. Mixpobion. scypu., 2017, T. 79, Ne 3 135



19.

20.

21.

22.

23.

24.

25.

26.

Ahangaran A, Habibi MK, Mohammadi GH, Winter S, Garcia-Arenal F. Analysis of
Soybean mosaic virus genetic diversity in Iran allows the characterization of a new
mutation resulting in overcoming Rsv4-resistance. Journal of General Virology. 2013;
94: 2557-68. PubMed PMID: 23939982.
Seo JK, Ohshima K, Lee HG, Son M, Choi HS, Lee SH, et al. Molecular variability and
genetic structure of the population of Soybean mosaic virus based on the analysis of
complete genome sequence. Virology. 2009b; 393: 91-103. PubMed PMID: 19716150.
Gagarinova AG, Babu M, Poysa V, Hill JH, Wang A. Identification and molecular char-
acterization of two naturally occurring Soybean mosaic virus isolates that are closely
related but differ in their ability to overcome Rsv4 resistance. Virus Research. 2008;
138: 50-56. PubMed PMID: 18793685.
Chowda-Reddy RV, Sun H, Chen H, Poysa V, Lin H, Gijzen M, et al. Mutations in the
P3 protein of Soybean mosaic virus G2 isolates determine virulence on Rsv4-geno-
type soybean. Molecular Plant Microbe Interaction. 2011; 24: 37-43. PubMed PMID:
20795856.
Seo JK, Lee HG, Choi HS, Lee SH, Kim KH. Infectious i vivo transcripts from a full-
length clone of Soybean mosaic virus strain GSH. Plant Pathol J. 2009; 25:54-61.
Chen J, Zheng H, Lin L, Adams MJ, Antoniw JF, Zhao MF, et al. A virus related to Soy-
bean mosaic virus from Pinellia ternata in China and its comparison with local soybean
SMV isolates. Archives of Virology. 2004; 149: 349-63. PubMed PMID: 14745600.
Shi YH, Hong XY, Chen J, Adams MJ, Zheng HY, Lin L, et al. Further molecular
characterisation of potyviruses infecting aroid plants for medicinal use in China. Arch.
Virol. 2005; 150(1): 125-35. PubMed PMID: 15449140.
Gibbs AJ, Trueman JW, Gibbs MJ. The Bean common mosaic virus lineage of potyvi-
ruses: where did it arise and when? Arch. Virol. 2008; 153:2177-87. PubMed PMID:
19030956.

Otpumano 12.09.2016

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



