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Bean common mosaic virus (BCMV) is one of the most widespread in bean crops viruses belonging to 
Potyviridae family. The present study was conducted to know the physical properties of BCMV distributed 
in Ukraine. Methods. Visual diagnosis, biological testing of the virus, electron microscopy, polymerase 
chain reaction with reverse transcription (RT-PCR). Results. The presence of BCMV in the plants showing 
clear viral infection symptoms was established by RT-PCR. The virus was purified from BCMV-infected 
bean tissues by modified procedure involved clearing with 2.5 % of Triton X-100 and concentrating by 
centrifugation with linear 10–50 % sucrose gradient in 0.1 M Tris-thioglycolic acid. The yield of purified 
virus was 3–4 mg/100 g of infected leaves. The determination of physical properties using the same buffer 
showed that infectivity of crude was lost by heating at 60–65° C for 10 minutes, dilution end point (DEP) 
was 10 4 and longevity in vitro (LIV) was 1–2 days at 4º C or 3–4 days at 20–25° C storage in vitro. This 
virus is long flexuous filamentous particles approximately 740–750 nm in size. Conclusions. The results 
added physical properties to the knowledge of BCMV which helps in determining management strategies 
against the virus. 

Keywords: bean common mosaic virus, polymerase chain reaction with reverse transcription, thermal 
inactivation point, dilution end point, longevity in vitro.

Bean common mosaic virus (BCMV) is 
one of the most widespread in bean crops and 
economically important in bean production virus 
belonging to genus Potyvirus of Potyviridae family. 
Prior to 1934, BCMV was variously named Bean 
virus 1, Bean mosaic virus, and Phaseolus virus 1 
[1, 2]. To differentiate the virus from Bean yellow 
mosaic virus, the original name – Bean mosaic 
virus was changed as Bean common mosaic virus. 
Bean common mosaic caused by BCMV was 
first observed in 1894 in Russia by Iwanowski 
[3]. Since that time mosaic has been reported in 
many countries throughout the world and is almost 
always present wherever susceptible bean varieties 
are grown. The originally identified BCMV isolate 
was lost, and US-1 strain is considered to be typical 
BCMV strain [4]. There are at least eight biological 
pathotypes or strains of BCMV with different 
biological and genetic properties [5, 6]. 

In Ukraine it was established the prevalence of 
the viral disease in the cultivation area of different 
bean varieties and unveiled that diseased plants 
were infected by BCMV. The results of host 
plant range investigating and reaction of selected 
indicator plants to mechanical inoculation indicated 
that obtained isolate differs from the BCMV 

strains circulating in Ukraine earlier [7]. Based on 
a biological test on bean differentials, the isolate 
was assigned to pathogroup VII despite the fact that 
strain differed markedly from the standard strains 
in symptoms producing on differential groups IV 
and V [8].

The present experiments were carried out in 
order to study the physical properties like thermal 
inactivation point (TIP), dilution end point (DEP) 
and longevity in vitro (LIV) of BCMV distributed 
in Ukraine. The data obtained will allow us to more 
fully characterize the studying strain, since the 
searching of the physical properties of the virus is 
an integral part of the virus or strain (isolate) study.

MATERIALS AND METHODS
Virus inoculum. Pure virus culture was 

raised on Phaseolus vulgaris plants grown in 
glass house. The BCMV infected leaves showing 
mosaic symptoms were used as fresh inoculum for 
extraction of infective crude sap.

Mechanical inoculation. Mechanical ino cu-
lation was carried out in pre-chilled pestle and 
mortar by extracted sap (in cold 0.1 M phosphate 
buffer, pH 7.2 (1:10 w/v)) rubbing onto leaves, pre-
dusted with carborundum. The appearance and the 



ISSN 1028-0987. Мікробіол. журн., 2020, Т. 82, № 366

development of virus symptoms were inspected 
periodically during 2–3 weeks after inoculation. 
The infection status of all inoculated plants was 
verified by Reverse Transcription and Polymerase 
Chain Reaction (RT-PCR).

Electron microscopy. Electron microscopic 
observations of purified viruses from infected 
bean leaves were carried out using an electron 
microscope JEM 1400. A drop of 1:100 dilution of 
purified virus preparation was placed on formvar 
coated grids, incubated for 30 seconds, washed 
with distilled water and stained with 2 % uranyl 
acetate or with 1 % potassium phosphotungstate.

Virus purification. The virus particles were 
purified according to H. Huttinga virus puri - 
f ication method [9] with some modifications. 
The virus was purified from freshly harvested 
tissue. Infected tissues were extracted when sym-
ptoms were classified as optimal. Tissue (100 g)  
was homogenized in 3 volumes of chilled 0.1 M 
Tris-thioglycolic acid (pH 9), containing 0.005 
ethylenediaminetetraacetate sodium salt (EDTA) 
and 0.5 M urea instead of carbon tetrachloride and 
chloroform as author recommended. Virus was 
sedimented by centrifuging at different centrifugal 
forces, and resuspended in Tris HCl (pH 9) buffers. 
The preparation was purified with 2.5 % (v/v) of 
Triton X-100 adding. Two cycles of differential 
centrifuging (90 min at 70000 g and 10 min at  
8000 g) was performed. The supernatant was 
then layered onto a preformed linear 10–50 % 
sucrose gradient in 0.1 M Tris-thioglycolic acid 
and centrifuged at 90000 g for 120 min. The 
light-scattering band was withdrawn; the virus 
was pelleted by centrifugation and checked by 
infectivity testing and electron microscopy. All 
purification steps were done at 0–4º C. Infectivity 
of purified virus was checked by inoculating into 
healthy Phaseolus vulgaris plants.

Reverse transcriptase polymerase chain 
reaction. Total RNA was isolated from symptomatic 
or healthy leaf tissues using AmpliSens RiboSorb 
DNA/RNA extraction kit. PCR test kit AmpliSens 
Reverta L was used to generate cDNA according to 
the manufacturer’s instructions. The samples were 
assayed by the RT-PCR using specific primers, 
which amplify 340 bp fragments of 3ˊ–end of coat 
protein gene [10].

The reaction mixture for the PCR (a volume 
of 20 µl) contained: 1 × PCR buffer with  
1.5 mM MgCl2, 0.2 mM dNTPs, 10–50 ng of 
cDNA, 0.5U Taq polymerase. All primers were 

used at final concentration of 5 pmol per 20 µl in 
PCR reaction. The amplification was performed 
in DNA Thermocyclers «Tertsyk» TP4-PCR- 
01.

The next cycling conditions were used for 
primer set: denaturation at 94° C for 5 min, 35 cyc-
les of amplification (94º C for 30 s, 60º C for 30 s,  
and 72º C for 30 s), and a final extension at 72º C  
for 7 min. The PCR fragments were verified in a 
1.5 % (w/vol) non-denaturing agarose gel after 
ethidium bromide (0.5 mg/ml) staining. The gel 
was run at 120 volts and maximum current for 
45 min before being viewed under UV light and 
photographed. 

Physical properties in crude sap. The expe-
riments were carried out following the metho-
dology described by Noordam (1973) [11]. Virus 
infected leaves of about one month-old bean plants 
were macerated using a mortar and pestle. The 
macerated tissue was squeezed through a double 
layer of cheesecloth in order to extract plant sap 
which was used for all the determinations of 
physical properties. Phaseolus vulgaris L. var. 
Monroe was used as the local lesion assay plant.

Dilution end point (DEP). Infective virus-
containing sap (2 ml) was diluted in buffer from 
10-1 to 10-7 using serial dilution technique. For 
infectivity test the leaves of the assay plants were 
inoculated with each virus dilution and rinsed  
10 min after inoculation. The assay plants were 
kept in the greenhouse and were observed daily for 
development of symptoms.

Thermal inactivation point (TIP). Two mi-
lliliter portions of fresh virus-containing sap were 
heated in a water bath under different temperatures 
in the range from 50 to 70º C, with 10° C interval for 
10 min. The samples were then allowed to cool in 
ice and were checked for infectivity by inoculating 
leaves of the bean Monroe seedlings (five plants 
for each temperature treatment). Untreated sap 
was used as a positive control and only buffer as 
negative control, treated plants were kept in the 
greenhouse for the symptoms manifestation.

Longevity in vitro (LIV). Ten milliliter of 
infective sap was stored in test tubes at 4° C and 
20–25° C (room temperature). Infectivity of the sap 
was checked daily during 9 days after storage by 
removing 1 ml portions and inoculating the assay 
plants. Freshly extracted sap was a positive control 
for each experiment. Observations on symptoms 
expressed and time taken for symptoms expression 
were recorded.
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RESULTS
BCMV causes common mosaic and necrosis in 

Phaseolus vulgaris plants. The type of symptom 
produced is determined by the strain of BCMV, 
temperature and the host genotype. Symptoms 
associated with common mosaic include leaf 
rolling or blistering, light and dark-green patches 
on the leaf (green mosaic), chlorotic vein banding, 
yellow mosaic and growth reduction (Fig. 1).

F i g. 1. Leaf curling and malformation induced 
by BCMV infection on Phaseolus vulgaris 

plants 

F i g. 2. Agarose gel electrophoresis of RT-PCR 
amplification products: lane 1, negative  

control; lane 2, extracts from symptomatic 
bean; lane M, 100-bp marker

In plants showing clear viral infection symp-
toms the presence of BCMV was established by 
RT-PCR. The amplification of the CP gene with 
BCMV primers generated a single DNA fragment 
of the expected size (~340 bp). Amplification did 
not occur in the negative control (PCR mixture 
with molecular water) (Fig. 2).       

As is known, that potyviruses tend to aggregate 
and precipitate and it is difficult to purify them. 
Taking this into account, during virus purification 
the modification of Huttinga method was made to 
overcome the two main difficulties – virus aggre-
gation and virus fragmentation. The modified pu-
rification method permitted the isolation of BCMV 
with a high degree of purity. The yield of the vi-
rus was higher (4 mg/100 mg of fresh leaves) than 
that obtained by Huttinga method, however, the 
virus significantly lost its infectivity (the dates not  
presented). Thus, the purification method used in 
the study ensured the removal of cell debris avoid-
ing significant virus losses and allowed to reduce 
aggregation complicating further purification steps 
as well as to get sufficient yield of the virus.

BCMV has a 260/280 absorbance ratio of 1.27 
and the ultraviolet-absorption (UV) spectrum of 
the virus was recorded spectrophotometrically. UV 
spectrum of purified BCMV (Fig. 3a) showed a 
typical curve for nucleoprotein with A260 peak and 
A240 minimum. Electron micrographs of negatively-
stained purified preparations of BCMV particles 
revealed the presence of flexible and filamentous 
virus particles approximately 740–750 nm in length 
and 12–15 nm in width (Fig. 3b). The particles 
were similar in morphology to those produced by 
typical BCMV strain. 

The knowledge of virus physical properties 
is the necessary information for the basic viral 
characterization and management of the virus 
diseases. In determining the DEP, infective sap 
was subjected to serial dilutions and inoculated 
on bean seedlings following mechanical trans-
mission method along with undiluted control. 
The inoculated plants showed typical symptoms 
of virus infection at 10-1, 10-2, 10-3 and 10-4 
dilutions and also in undiluted control. No 
symptoms were noticed in further diluted sap 
at 10-5, 10-6 and 10-7. Thus, as shown in Table 1,  
virus isolates has a DEP of 10-5. This value was 
very close to DEP 10-3–10-4 reported for BCMV 
what could be explained by variation among the 
strains of the same virus. 
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F i g. 3. Electron micrograph showing filamentous particles of BCMV in purified preparation.  
The virus 4 applied at a concentration of 0.01 mg, stained with 2 % uranyl acetate  

(magnification of 10 000X).

Table 1
Effect of different sap dilution on infectivity of BCMV

Dilution Symptoms observed N0. of days to express symptoms
10 -1 Mo, Lr, Cvb 13–14
10 -2 Mo, Lr, Cvb 15
10 -3 Mo, Lr, Cvb 15
10 -4 Mo, Lr, Cvb 15
10 -5 Mo, Lr, Cvb 15
10 -6 – –
10 -7 – –
Control Mo, Dc, Cvb 13

Legend: Mo – mosaic; Lr – leaf rolling, Cvb – chlorotic vein banding; Dc – downward curling.

Table 2
Effect of different temperatures on infectivity of BCMV

Temperature (°C) Symptoms observed N0. of days to express symptoms
Untreated sap inoculation Mo, Lr, Cvb 13–14
35 Mo, Lr, Cvb 14
40 Mo, Lr, Cvb 14
45 Mo, Lr, Cvb 14
50 Mo, Lr, Cvb 15
55 Mo, Lr, Cvb 14
60 Mo, Lr, Cvb 16
65 – –
70 – –
80 – –

Legend: Mo – mosaic; Lr – leaf rolling, Cvb – chlorotic vein banding; Dc – downward curling.
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Determinations of TIP indicated that BCMV 
isolate had the inactivation point of 65° C – BCMV 
particles in crude sap are inactivated after heating 
for 10 minutes at 65° C. It was shown positive 
reaction on inoculation by the sap treating at 35– 
60° C temperatures. Plants showed typical sym-
ptoms of virus infection: downward curling, yellow 
mosaic, light and dark-green patches on the leaf. 
The symptoms appeared from 14th to 16th days after 
inoculation. Virus failed to produce any symptoms 
on assay host in case of they were inoculated with 
sap treated at 65° C. The TIP values obtained for the 
virus was acceptable for BCMV [1] and indicated 
a fairly high level of virus stability to temperature.

In test for determining the longevity in vitro 
it was shown that infective sap stored at 4° C 
expressed symptoms of virus infection on beans 
after 3 days of storage but further storage reduced 
the infectivity and failed to produce any symptoms 
on plants. This indicates that extracts stored in 
the fridge for more than 3 days cannot be used in 
the work. The aging ability for BCMV isolates 
was determined at 20–25° C room temperatures. 
The isolate remained stable in vitro for 3–4 days. 
This was in agreement with the known stability  
in vitro for BCMV which is usually 1–4 days.  
The virus purification procedure used in the study 
helped to minimize the aggregation of the virus 
particles and loss of the virus and lead to virus 
preparation relatively free of host contaminants. 
The purified virus particles had an A260/280 ratio of 
1.27 and the yields were approximately 4 mg/100 g  
of leaf tissue. Electron microscopy of the purified 
virus preparations showed that the particles were 
flexuous rods with an average dimension of 740–
750 × 12–15 nm, similar to typical strain of BCMV. 
The date obtained corresponds with those reported 
for BCMV in the literature [12, 13].

The results of the research of BCMV isolate 
physical properties differ a little from those 
obtained for the typical strain [14]. TIP and LIV 
of viruses described early were 56–58º C and 1 
day respectively [15, 16]. Such differences may be 
owing to strain diversity or recombination events 
that occur continuously during the virus evolution. 

Conclusions. Due to the fact that biophysical 
properties are the major criteria for discriminating 
between virus strains, the dates obtained in the 
study are necessary characteristics of viruses that 
could help researchers in managing the diseases and 
other related studies. Also the findings are useful for 
a mechanical transmission procedure conducting.
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Ре зюме
Вірус звичайної мозаїки квасолі (BЗМК) – 

один з найбільш поширених вірусів, які вражають 
бобові культури, належить до родини Potyviridae. 
У даній роботі представлені результати вивчення 
фізичних властивостей ізоляту BЗМК, пошире-
ного в Україні. Методи. Візуальна діагностика, 
біологічне тестування вірусу, електронна мікро-
скопія, полімеразна ланцюгова реакція зі зво-
ротною транскрипцією (ЗТ–ПЛР). Результати. У 
рослин з явними симптомами вірусної інфекції за 
допомогою ЗТ–ПЛР було встановлено наявність 
ВЗМК. Вірус був очищений з інфікованих тканин 
квасолі за модифікованою методикою, що включа-
ла в себе освітлення екстракту з додаванням 2,5% 
Тритона Х-100, концентрування методом центри-
фугування в лінійному 10–50 %-ному градієнті са-
харози в 0,1 М Трис-тіогліколевій кислоті. Вихід 
очищеного вірусу становив 3–4 мг із 100 г інфіко-
ваного листя. Визначення фізичних властивостей 
показало, що неочищений вірус втрачав свою ін-
фекційність при нагріванні до 60–65° C впродовж  
10 хвилин, граничне розведення соку станови-
ло 10 -4. Вірус зберігав інфекційність в соку ква-
солі 3–4 доби за кімнатної температури (+20– 
25 ºC) і 1–2 дні за +4º C. Вірусний ізолят являє 
собою довгі гнучкі ниткоподібні частинки розмі-
ром приблизно 740–750 нм. Висновки. Отримані 
результати є невід’ємною частиною характерис-
тики виділеного ізоляту ВЗМК і можуть бути ви-
користані при плануванні стратегій менеджменту 
вірусної інфекції.

Ключові слова: вірус звичайної мозаїки квасо-
лі, полімеразна ланцюгова реакція зі зворотною 
транскрипцією, точка температурної інактивації, 
граничне розведення соку,  період збереження ін-
фекційності in vitro.
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