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The comparative characteristic of biological, physical and chemical, and antigenic properties
of the isolate bean yellow mosaic virus (BYMYV) isolated from yellow lupine on the Chernihiv region
territory. It is found that properties of BYMV-P isolate differ from the typical properties of strain

BYMYV (B-25) and isolates studied in Ukraine.
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Among various plant diseases, viral infec-
tions are one of the limiting factors reducing
crop productivity and marketability and deterio-
rating product quality. In Ukraine agrocenoses,
among phytopathogenic viruses that can cause
diseases of yellow lupine, the most common and
economically important is bean yellow mosaic
virus (BYMV, Potyviridae family, Potyvirus ge-
nus) [1; 2].

Unlike other pathogens, virus persists in the
infected plant throughout its life, as well as in
its generative progeny, which leads to the ac-
cumulation of viruses in seed and in agroceno-
ses. Yield losses due to viral lesion depend on
the species and strains of pathogens common for
this soil-climatic zone, genetically determined
varietal susceptibility to infection and growing
conditions. Involvement of lupine yellow crop
with bean yellow mosaic virus, especially of
late varieties, may be 50 to 90 % [3]. Reduced
productivity of lupine plants affected with
BYMV is determined by the phase of their de-
velopment at the time of infection. With the in-
volvement of yellow lupine plants in the rosel-
late phase, crop losses reach 95 %, and in the
budding to early flowering phase — 56 % [4].

Mantioned above virological situation de-
monstrates the need for special attention to con-
trol diseases induced by bean yellow mosaic vi-
rus in the virological monitoring system of
agrocenoses.

BYMYV detection agrocenoses of yellow lu-
pine and investigation of its properties is im-
portant for ensuring effective control of viral
diseases at all stages of growing varieties, de-
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velopment of diagnostic tools and measures to
control this pathogen.

The aim of our work was to detect, identify
and investigate biological, physical and chemi-
cal, and antigenic properties of BYMV (isolate
Progresyvnyi (Progressive), BYMV-P) isolated
from yellow lupine in Chernihiv region.

Materials and methods. To confirm viral
aetiology of the detected disease, identification
of its pathogen, complex of the following diag-
nostic methods was applied: symptomatology,
biotesting, electron microscopy, polymerase
chain reaction [5—11].

Biological and physical and chemical pro-
perties of isolate BYMV-P (size of viral partic-
les, thermal inactivation point (TIP), limiting
juice dilution (LJD), infectivity persistence
(IPI), molecular weight of capsid protein) was
determined using appropriate methods [12—15],
comparing them with the properties of a typical
strain of BYMV (B-25) and isolates studied in
Ukraine [16; 17].

To investigate the antigenic properties,
BYMV-P isolate was accumulated on the indi-
cator plants Vicia faba, which were grown un-
der conditions of vegetation room at 20-25 °C
and photoperiod of 16 hours. Leaves of infected
plants were sampled at day 14-21 after inocula-
tion, at the period of maximum viral concentra-
tion [18; 19].

Obtaining of purified preparations of bean
yellow mosaic virus to immunize rabbits and to
receive further anti-BYMYV antiserum, was con-
ducted using the method of deposition with po-
lyethylene glycol (PEG) [20], differential cen-
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trifugation, preparative electrophoresis [21; 22].

Control of stages of obtaining pure prepara-
tions of BYMV was performed by electron mi-
croscopy method with native preparations, en-
hanced with 2 % phosphotungstic acid solution.
Preparations were tested in electron micro-
scopes Tesla-540 and EM-125 with instrumental
magnification of 20 thousand. [23].

The purity and concentration of BYMV vi-
ral preparations was measured by spectropho-
tometry [24].

Rabbit antiserum obtained after immuniza-
tion of animals with BYMV preparations ac-
cording to the generally accepted scheme of
three injections at intervals of 7 days [25]: the
first immunization — subcutaneously with com-
plete Freund’s adjuvant (Sigma, USA), the se-
cond one — intradermally to 5—6 points along
spinal column and third — subcutaneously with
MONTANIDE ISA 25 adjuvant (SEPPIC, Fran-
ce). In a week after the last immunization, blood
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was sampled for three times from marginal au-
ricular vein, and titre of serum was measured in
the drop agglutination test [26].

Results and discussion. According to the
result of phytoviral monitoring of yellow lupine
crops, plants with symptoms characteristic for
BYMYV were found: typical narrow leaves, mo-
saic, leaf deformation and their reduction, as
well as the formation of dark green bubble spots
of various sizes (Fig. 1).

Electron microscopic analysis of infected
plant material showed the presence of viral par-
ticles in preparations, corresponding to BYMV
in morphology and size (750-755 nm) (Fig. 2).

Study of ultrathin slices of yellow lupine
leaves infected with BYMV, with clear symp-
toms of involvement allowed to identify virus
specific inclusions (Edvardson structures), which
1s a characteristic feature of potiviral infection
(Fig. 3). The results obtained at the cellular le-
vel add data that indicate intense BYMV deve-

d

Fig. 1. Symptoms of BYMV on the leaves of Progresyvnyi variety of yellow lupine: a — leaf of
the health plant; b, ¢, d — narrow leaves accompanied with mosaic, deformation and reduction

of the leaves.
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Fig. 2. Electron diffraction pattern of bean
yellow mosaic virus, instrumental magnifi-
cation < 20 000.

Fig. 3. Ultrathin slices of Lupinus luteus L.
Leaf cell infected with BYMV — virus in-
duced inclusions (Edvardson structures),
instrumental magnification x 22 000.

lopment in lupine plants and allow to identify
the agent of studied disease as bean yellow mo-
saic virus.

To confirm the presence of the pathogen
inducing narrow leaves in yellow lupine plants,
BYMYV identification in the samples of test
plants Vicia faba L. by polymerase chain reac-
tion (PCR) was conducted at the National Uni-
versity of Bioresources and Environmental Ma-
nagement of Ukraine. According to the results
of PCR analysis of samples, the presence of
amplification bands of the expected size
(266 bp) was detected; and this shows the pres-
ence of BYMV in plants (Fig. 4). No non-
specific bands of amplification products were
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Fig. 4. Electrophoregram of PCR products
during determination of bean yellow mosaic
virus: 1 — analyzed sample; K(+) — posi-
tive control; K(-) — negative control; M —
marker of fragment length (base pairs).

found on electron differentiation patterns.

Thus, according to the results of phytoviru-
sological examination, electron microscopic di-
agnostics and PCR analysis of the samples of
Progresyvnyi variety of yellow lupine at the ter-
ritory of Chernihiv region, isolation of BYMV-P
was performed.

Characteristics of the biological, physical
and chemical, and antigenic properties isolate
BYMV-P was investigated comparing it with
the typical strain BYMV (B-25) and isolates ob-
tained in Ukraine.

Biotesting of obtained isolate BYMV-P was
performed on the indicator plants Vicia faba L.,
Pisum sativum L., Phaseolus vulgaris L. Upon
inoculation of the test plants with BYMV-P iso-
late, manifestation of different symptoms of in-
fection were observed. It was established that
the studied isolate differs from the typical strain
BYMV (B-25) (Table 1). In particular, in the
plants of Vicia faba L. virus caused a pro-
nounced dark green systemic mosaic and de-
formation of leaf plate (Fig. 5a), but did not
form chlorotic symptoms. In the test plants
Pisum sativum L., BYMV-P isolate caused sys-
temic mosaic (Fig. 5b), but did not induce
necrotization of the tip, which is characteristic
of a typical strain. In plants Phaseolus vulga-
ris L., studied isolate induced symptoms similar
for typical strain, but did not cause spotting.
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Table 1. Response of the test plants to the infection with BYMV-P viral isolate and BYMV

typical strain (B-25)

Characteristic viral symptoms

Test plant
BYMV-P

B-25 (typical strain)

Vicia faba L.

Pronounced dark green systemic
mosaic, deformation of leaf plate

Chlorosis of the ribs, yellow-green
spotting, corrugate and deformed
leaf plate, systemic expansion.

Pisum sativum L. Systemic mosaic

Necrotization of the tip, systemic
mosaic

Phaseolu vulgaris L.

Systemic yellow mosaic,
necrotization of the leaves

Spotting, necrotization of the tip,
systemic mosaic.

a

Fig. 5. Symptoms of BYMV infection on Vicia faba L. (a) and Pisum sativum L. (b) plants.

It is known that one of the characteristics of
the virus that correlates with the biological
properties of the strain is its thermal stability. In
the study of the physical properties of BYMV-P
isolate, it was found that the virus is quite re-
sistant to high temperatures. The juice from the
leaves of'test plants Vicia faba L. retained infec-
tious properties at +74 °C and lost them at
+76 °C (Table 2) (for comparison: thermal inac-
tivation point of the typical strain BYMV
(B-25) is +65 °C, and of isolate BYMV-P ob-
tained from soybean in the Kyiv region is
+70 °C).

During investigation of the infectivity of
various dilutions of the juice of Vicia faba L.,
limiting juice dilution, without loss of viral in-
fectivity, was 10°~107 (LJD of BYMYV typical
strain (B-25) — 10°-10"*, isolate BYMV-P —
107%).
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At room temperature, the virus retained in-
fectivity in the juice of infected bean plants du-
ring 3 days, while the typical strain B-25 and
isolate BYMV-P remain infectious for 2—7 and
2-3 days, respectively.

PAGE analysis of viral protein component
showed the presence of BYMV-P polypeptide
with M; 32 kDa in preparations, which corre-
sponds to the weight of capsid protein that is
characteristic for this virus and at the same time,
slightly differs from the weight of the protein
component of the viral particles of other isolates
and typical strain BYMV (Mr of capsid protein
of the typical strain BYMV (B-25) is 33—
35 kDa, BYMV-P isolate is 34 kDa).

It is assumed that the length of BYMYV par-
ticles is 750 nm, but it can vary from 700 to
770 nm, depending on the strain and the method
of preparation obtaining. As have been noted in
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Table 2. Physical and chemical properties of BYMV viral isolates

. o Particle | M; of capsid
BYMYV isolates TIP, °C LID IP, days length, nm | protein, kDa Author, year
Pyrih,
Studied BYMV-P iso- Kolomiiets,
late obtained from 76 10°-10"* 3 750-755 32 Dmytruk,
yellow lupine Mamchur,
2010
BYMYV-P isolate ob- Kyrychenko,
tained from soybean 70 10°* 2-3 750 34 Kovalenko,
plants Kraieva, 2010
Isolate Tobtained | 55 o | 1.g00 | 3 | 755-760 334 Zhmurko,
from lupine Molchanets,
. Porembska,
Isolate Il obtained | "¢ 551 12000 | 2 770 36.9 1989
from lupine
Typical strain 3 4 ICTV
B.25 65 10°-10 2-7 750 33-35 57.0.1.0.009

our studies, electron microscopic analysis of the
infected plant material showed the presence of
BYMV particles in the preparations of 750—
755 nm 1n size, under the length of particles of
BYMV strain B-25 and BYMV-P isolate of
750 nm.

As a result of conducted work, we obtained
purified preparations of BYMV-P, that are char-
acterized by UV absorption spectrum typical for
potiviruses, with minimal absorption at 245-
247 nm and maximal one at 260-265 nm,
E60/Easo ratio was 1.21. Viral preparations were
well purified, concentration of protein in them
was 2.9-7.8 mg/mL (Table 3).

Immunization of rabbits with purified
BYMV  preparations allowed to obtain
hyperimmune serum that provides drop aggluti-
nation test with BYMV infected plants using
material diluted in the ratio of 1:512. Antise-
rum is specific and does not react with extracts
from health lupine and bean plants.

Therefore, application of the range of diag-
nostic methods allowed to find and identify

bean yellow mosaic virus in yellow lupine
plans. During investigation of biological, physi-
cal and chemical, and antigenic properties of
BYMV-P isolate, its difference from the proper-
ties of the typical strain B-25 and isolates ob-
tained and studied in Ukraine was proved.
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XAPAKTEPUCTHUKA I30JISTY BIPYCY
7’KOBTOI MO3AIKH KBACOJII, BUJII-
JIEHOT' O 3 JIIOIIUHY KOBTOI'O

O. B. Mupir, O. O. Imutpyk, T. O. boa

[HCTUTYT cinbchKOTOCTIONAPCHKOT MiKpOOioorii Ta
arpornpoMucioBoro BupooHuirea HAAH,
M. UepHiris

IIpeocmasneno nopisnsanbHy Xxapaxmepuc-
MUKy 0i0N02IYHUX, PI3UKO-XIMIYHUX | AHMUSEH-
HUX é1acmusocmell i30J5Mmy ipycy HCO8moi Mo-
saiku keaconi (BXKMK-II), sudinenozo 3 nionuny
aco8moco Ha mepumopii Yepniciecokoi obnac-
mi. Bcmanoeneno, wo 3a ceoimu eracmugoc-
mamu i3oram BXKMK-I1 siopiznsaemscs 6i0 61a-
cmusocmei munogozo wmamy BXKMK (B-25)
ma i301amis, UOLIEHUX | BUBUEHUX 8 VKpaiHi.

KirouoBi cnmoBa: ionun  orcosmuil, 8ipyc
acoemoi  moszaiku keaconi (BXKMK), izonam,
AHMUCUPOBAMKA.
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XAPAKTEPUCTHUKA U30JISITA BUPY-
CA KEJTON MO3AUKH ®ACOJIA BbI-
JNEJJEHHOI'O W3 JIOIIUHA KEJTOI'O

A. B. ITupor, O. A. Imutpyk, T. A. boBa

HHCTUTYT cenbCcKOX03s1CTBEHHON MUKPOOUOTIOTHH
Y arponpoMBIIIIeHHOro mpon3BoacTBa HAAH,
r. UepHuros

IIpeocmasnena cpasnumenvHas xapaxme-
pUCmMuKa OUON02UYECKUX, HUIUKO-XUMULECKUX
U GHMUSEHHBIX C8OUCMS U30NAMA 8UPYCA HCEN-
moti mosauxu gaconu (BXKMK-II), evioenenno-
20 U3 JonuHa KHcérmozo Ha meppumopuu Yep-
HU208CKOU obnacmu. Ycmanoeneno, umo no
ceoum ceoticmeam uzonsim BKMK-II omauua-
emcs om ceoticme munuuno2o wmamvma BIKMK
(B-25) u uzonamos, 6vl0eieHHbIX U U3YUEeHHbIX 8
Ykpaune.

KunroueBble cnoBa: qironun scénmoli, 8upyc
acenmou mozauku ¢gaconu (BKM®D), uzonam,
AHMUCBLIBOPOMKA.
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