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Abstract

Yellow mosaic virus disease (YMV) infecting mungbean is one of the most important cause responsible
for vast scale yield loss in India and across the globe. In the present study, the transmissibility of YMV
through sap and seed were examined. Mechanical transmission of the YMV either using 2% celite with
carborundum powder or  mercataethanol along with virus extract in three healthy mungbean varieties
was found to be unsuccessful as there was no symptom development 20-30 days after incoculation and
the leaf samples tested negative in PCR amplification. There was 16.7 % reduced germination in the
mungbean seeds collected from YMYV infected plants. Although the grow-out test of seeds collected from
the YMV infected mungbean plants showed no development of symptoms, there was detection of YMV
in 20% plants selected arbitrarily 30 days after sowing in PCR test using the coat protein genome specific
of the legume infecting begomoviruses. PCR amplification of different parts of germinated seeds showed
the presence of the virus in cotyledon, cotyledonary leaves, epicotyl except seed coat.
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1. Introduction

The yellow mosaic disease in greengram is caused by viruses belonging to the genus
begomovirus and family Geminiviridae. The begomoviruses are transmitted by whitefly in a
circulative, persistant and non-propagative manner. The genome can be either monopartite
having only the DNA-A component or bipartite, having both DNA-A and DNA-B (Fauquet et
al, 2003; Kings et al, 2011) [ 8, The virus appears as a twin (Gemini) particle in the
Transmission Electron Microscope (TEM) and hence it falls under the family Geminiviridae.
Reviews have been found establishing the conclusive evidence about the distribution of the
yellow mosaic viruses that the viruses are mostly limited to the cambium and phloem
parenchyma except in few begomoviruses where they exit from the phloem tissues in to the
mesophyll tissue (Rojas et al, 2005) %, The mungbean plants infected by the yellow mosaic
viruses produces lesser number of pods, yellow discoloured and poorly filled seeds, smaller
size, lesser weight than that of the healthy seeds (Varma et al, 1992). It has also been reported
that development of yellow speak symptom even in the primary trifoliate leaf at the seedling
emergence stage which acts as suggestive evidence on the seed borne nature of the virus
(Nene, 1973 and Kothandaraman et al, 2015) & 7. Highest rate of mechanical transmission of
Thailand isolates of MYMV was achieved by employing the 0.1M sodium or potassium
buffer, p™ 7.8 (Honda et al. 1983 and Shad et al, 2005) [ %21, In 1983, Phosphate buffer p™ 8.0
resulted better than the sodium phosphate and citrate phosphate buffer for mechanical
transmission of MYMV in greengram (Chowdary et al, 1983) [1I. In the present study, seeds
were collected from yellow mosaic virus infected greengram plants grown in agricultural farm
Odisha University of Agriculture & Technology, Bhubaneswar, Odisha. Transmission studies
of YMV were carried out through seed and sap. The presence of the virus, if any was
confirmed by molecular detection.

2. Materials and Methods

2.1 Mechanical inoculation of yellow mosaic virus in mungbean

YMV Infected mungbean leaves samples were collected from LGG-460 variety of greengram
and used for mechanical transmission in three YMV susceptible varieties i.e., Bananai Local,
LGG-460 & TMB-136. There was eight test mungbean plants in each variety were employed
for mechanical transmission.
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2.1.1 Raising and maintenance of healthy mungbean
plants

The seeds of YMV susceptible varieties (Bananai Local,
LGG-460 & TMB-136) for the test plant were procured from
the Centre for Pulses Research (CPR) Berhampur, OUAT,
Ganjam, QOdisha. The seeds were sown on the plastic pots
filled with soil and FYM (2:1), which were kept in insect free
chamber covered with muslin cloth. For each variety there
were 8 plants grown in different pots. Those healthy
mungbean seedlings of 10 days old were utilized for
mechanical transmission of yellow mosaic virus.

2.1.2 Preparation of the 0.1M Potassium Phosphate buffer
pH7.6

13.60 g of Potassium dihydrogen phosphate (KH,PO.) was
added to 100 ml distilled water & 17.41g of Di potassium
hydrogen phosphate (K;HPO,) was added to 100 ml distilled
water to get 1M solution each. 13.4 ml of KH,PO, was added
to 86.6 ml of 1M K;HPO, to get 100 ml 0.1M potassium
phosphate buffer pt 7.6. The p* also was confirmed by p"
meter and stored in refrigerator at 4 °C for further use.

2.1.3 Procedure for the mechanical transmission

Yellow mosaic infected symptomatic leaves of mungbean
were freshly collected and washed with the distilled water.
Then the leaves were dried by using the tissue paper. One
gram of fresh leaf tissue was taken in a sterilized mortar and
pestle, macerated with liquid nitrogen after adding 0.1M
phosphate buffer pH 7.6 @ 5:1 i.e., 5 ml of buffer taken per 1
g fresh leaf tissue. The extract was stirred continuously and
filtered through double layered muslin cloth. Three different
methods of mechanical inoculation were carried out in three
different varieties i.e., Bananai Local, LGG-460 & TMB-136
as follows.

Treatments
T1- Virus extract+ 2% celite and carborundum powder
T2- Virus extract+ B-mercaptoethanol
T3- Virus extract only
T4- Control
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The inoculation was conducted by rubbing the upper surface
of the healthy leaves of greengram with cotton swab
immersed in respective virus extract completely. Indicator
plant Nicotiana benthamiana was also inoculated
mechanically with above virus extract by mixing with 2%
celite and carborundum powder. The leaves were given
support by flattened surface of palm from below to make sure
the uniformity in pressure during the rubbing. The inoculated
leaves of respective varieties were left as it is for few minutes
before washed with sterilized water. The inoculated plants
were stored in insect proof muslin chamber for the recording
of the symptom expression.

2.2 Seed transmission of the YMV in mungbean

2.2.1 Collection of the seeds from healthy and naturally
infected mungbean plants

The healthy and infected seeds were collected from
greengram  (LGG-460) cultivated in OUAT farm,
Bhubaneswar, Odisha, India. The seeds were allowed to
sundry to minimize the moisture percentage for proper
germination. The dried seeds were used for the transmission
study.

2.2.2 Effect of the virus infection on seed germination
Germination percentage of seeds collected from healthy and
infected mungbean plants, was carried out by roll towel
method as per the protocol prescribed by the International
Seed Testing Association (ISTA 1976) . During the test, the
seeds were exposed to 90 + 3% relative humidity (RH) and 25
+ 1 °C and the germination was recorded (Kanimozhi et al,
2009) B1,

2.2.3 Grow-out test of the mungbean seeds independently
inside insect-proof house

One hundred fifty number of seeds (Plate 1) collected from
the naturally YMV infected mungbean plants were sown in
plastic pots filled with soil and FYM (2:1) and kept in an
insect free muslin house for further observation and recording
of the symptoms expression.

Healthy seeds

Diseased seeds

Plate 1: Seeds collected form asymptomatic mungbean plants (Healthy seeds) & seeds collected form symptomatic mungbean plants (Diseased

2.3 Molecular detection of YMV from leaves samples
collected from sap inoculated and different parts of
infected seeds

2.3.1 Molecular detection of the YMV from sap inoculated
leaves

The inoculated leaves were taken from the mungbean plants
15 days after inoculation (DAI) i.e., 25 days old for the
molecular detection through PCR tests. The freshly plucked
leaves were collected and weighted accurately 150 mg with

the help of electronic weighing machine for the extraction
DNA explained below.

2.3.2 Molecular detection of the YMV from seed

Seeds collected from naturally infected mungbean plants
(LGG-460) were taken in ten numbers. The seeds were
soaked in water over night (6-7 Hrs.) and kept for germination
for 5 days. Different portions of germinated seed viz.
Cotyledon, cotyledonary leaves, Epicotyl and seed coat were
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collected from all ten germinated seeds and kept separately
for DNA isolation. Also, DNA was isolated from the freshly
collected leaf of 25 days old grow-out test mungbean plants.

2.3.3 Extraction of the total genomic DNA

The total DNA was extracted from the healthy and
symptomatic leaves of inoculated mungbean seedlings
according to the method reported by Rouhibakhsh et al.
(2008) M1, 150 mg of leaf tissue and tissue collected from
different portions of germinated seeds were macerated
separately employing sterile mortar and pestle with liquid
nitrogen and then the ground tissues were shifted into 1.5 ml
eppendorf tubes separately. 1500 pl of extraction buffer
(CTAB) pre-warmed up to 65 °C was mixed with the ground
samples present in 1.5 ml eppendorf tubes. Incubation of the
whole crude saps were done for % hr at 60 °C in a water bath
with intermittent mixing. 750 pl of the supernatant were
shifted into new 1.5 ml eppendorf tubes and mixed with same
volume (750 pl) of Phenol: chloroform: isoamyl alcohol (25:
24: 1) by vertexing. All the sample was allowed to a micro
centrifuge for centrifugation at 1300 rpm for 10 minutes,
followed by the collection of supernatants was collected in
new 1.5 ml eppendorf tubes by discarding the solid palette
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settled at the bottom of the Eppendorfs. Mixture of 30 pl of
7.5 M ammonium acetate + 300 pl of chilled isopropanol was
mixed with aqueous supernatant by inversion to get
precipitated DNA. The Eppendorf tubes were centrifuges for
10 minutes at 13000 rpm and the pellet formed were washed
with 70% ethyl alcohol followed by dried in a vacuum drier
for 10 min until alcohol odour disappeared. Then these were
resuspended with 40 pl of TioEo1 buffer (0.1 mM EDTA of
pH 8.0 and 10 mM Tris-HCI of pH 8.0) each and stored in
deep freezer at -20 °C. All the extracted DNA were
additionally diluted from 1:10 to 1:40 with double distilled
water (DDW) before amplification employing the
thermocycler. The quality and quantity of DNA were
examined at 280 and 260 nm by employing UV spectrometer
and the ratio of OD4g to ODygp Was found to be 1.9-2.0 range.

2.3.4 Primers used for the amplification

RUGEMF1 and RUGEMR1 have been used which is specific
to the conserved region of Coat protein (AV-1) region of the
yellow mosaic viruses belonging to begomoviruses (Ramesh
et al, 2016) . The sequence of the primers was detailed
below.

Primers Sequence (5°- 3%)
RUGEMF1 TGTGAGGGACCATGTAAAGTTC
RUGEMR1 GCATGAGTACATGCCATATAC

2.3.5 Master mixture of PCR

The master mixture needed was prepared from the Banglore
Genei and the Eppendorf, Germany was used. The reaction
mixture was dispensed into 0.2 ml of PCR tubes and the total
volume was made up to 20 pl with double distilled water
(DDW) as detailed below.

Components Volume (ul)
Taq buffer (10 X) 2.00
dNTP (ImM) 1.00
Forward Primer (5 pM) 1.00
Reverse Primer (5 pM) 1.00
DNA template (40 ng) 1.00
Taq polymerase (5 u/ul) 0.50
Double distilled water 13.50
Total 20.00

2.3.6 Thermal cycler program for PCR amplification

The programme for PCR consists of single cycle of initial
denaturation of DNA at 94 °C for 5 min followed by 35
cycles each having denaturation at 94 °C for 40 sec, annealing
at 57 °C for 30 sec and an extension of primer at 72 °C for 30
sec. The final extension at 72 °C for 5 min was given for 1
cycle and finally hold at 4 °C for 30 min. After PCR
amplification, the PCR tubes were collected and stored at -20
°C until the gel electrophoresis was completed.

2.3.7 Agarose gel electrophoresis

One gram of agarose was taken in a 250ml conical flask
having 100ml of 1X TAE buffer followed by heating of the
solution was done in a hot air oven by uniform stirring in
order to dissolve the agarose completely. The solution was
allowed to cool to bring its temperature to about 50 °C
followed by 2-3 drops of ethidium bromide (0.5 ug/ml) was
mixed with the solution. The solution was poured onto the gel
casting plate after placing the comb in the trough and care

was taken to ensure the solution remain bubble free. The
agarose solution was allowed to solidify and then the comb
was removed after keeping the casting plate in electrophoretic
apparatus comprising enough 1X TAE (Stock 50X TAE)
buffer to cover the wells thoroughly. The amplified PCR
products (5 pl) to be examined were loaded carefully into the
wells present on the casting plate after mixing with loading
dye (6x) by wusing the micropipette. During the
electrophoresis, voltage was fixed at 80 volts for 45 minutes.
The DNA bands stained with the Ethidium bromide were seen
under the UV-transilluminator and documented employing gel
documentation system (UviTec Cambridge, England)

Note: 20 ml of 1X TAE was made up to 1 lit (1000 ml) by
adding sterile distilled water

3. Result and Discussions

Transmission studies conducted with relation to seed and sap
and subsequent confirmation by molecular test are described
below.

3.1 Mechanical transmission of YMV in mungbean

Observations for the appearance of YMV symptoms in
mungbean after sap transmission were taken after 30 days
after inoculation. There was no symptoms development in any
of the treatment of all the three varieties even after 30 days
after inoculation (Plate 2). Leaf distortion and puckering
symptoms were observed on the indicator plants, Nocotiana
benthamiana 20 days after inoculation (Plate 3). PCR
amplification tests of mechanically inoculated leavesalso
revealed negative results in all three varieties. Presence of
YMV was confirmed in N. benthamiana by PCR test (Table
1). The sap transmission of YMV from greengram to
greengram was also reported unsuccessful by Grewal, 1988
(14 However, the Thailand isolates were reported to be
successful in mechanical transmission in greengram (Honda
et al, 1983) Bl. The molecular confirmation of the successful
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transmission of the YMV was done according to the protocol
described in Materials and Methods. Two samples from every
treatment and one sample from control treatment were utilized
for the PCR tests using the primer pair targeting the conserved
region of the yellow mosaic disease causing begomoviruses.
All the samples were found to be negative as there was no

https://www.thepharmajournal.com

band in the Gel electrophoresis image. However, there was a
band in the gel image of the sample taken from the
symptomatic indicator plant (N. benthamiana) at 450bp (Plate
4). The findings proved that unsuccessful transmission of the
virus in greengram which was found similar with the findings
given by Grewal, 1988 (141,

Table 1: Molecular detection of mechanically transmitted YMV in greengram using different extraction medium

Treatments Greengram varieties
Bananai local | LGG-460 | TMB-136
T1- Virus extract+ 2% celite and carborundum powder Negative” Negative | Negative
T2- Virus extract+ p-mercaptoethanol Negative Negative | Negative
T3- Virus extract only Negative Negative | Negative
T4- Control (no virus inoculation) Negative Negative | Negative
Nicotiana benthamiana (Virus extract+ 2% celite and carborundum powder) Positive

* It denotes presence or absence of YMV in PCR amplification

3.2 Germination percentage of greengram seeds collected
from YMV infected plants

Germination percentage of seeds collected from YMV
infected greengram plants was recorded 75% as compared to
90% in the seeds collected from healthy mungbean plants.

Table 2: Reduction in germination of YMV infected greengram

Germination percentage was reduced to 16.7% in the seeds
infected with YMV (Table 2). Similar result was reported by
Kanimozhi et al, 2009 B! with 76.50% germination in of
Mungbean Yellow Mosaic Virus (MYMYV) infected seeds and
92% in healthy seed of greengram.

seeds

Type of seed Germination per cent Per cent reduction
Seeds collected from YMYV infected greengram (LGG-460) 75 16.7
Seeds collected from YMV healthy greengram (LGG-460) 90 -

3.3 Presence of YMV in different parts of germinated
greengram seeds collected from YMYV infected plants

Seed transmission study was carried out in two ways. First
one was the grow-out test of the infected seeds collected from
naturally infected greengram plants as described in the
Materials and methods earlier. There was no expression of the
symptom by the grow-out plants even 30 days after sowing
(Plate 5). The result showed similarity with the findings given
by Kothandaraman et al, 2015 [1 with no symptom
development in the grow-out blackgram plants. There was no
development of the symptoms on the plants grown from the
infected seeds, the leaf samples were taken arbitrarily from 25
different plants for further confirmation with PCR. Twenty
per cent of the samples had shown amplification band at 450
bp in gel image. Similar result was reported by
Kothandaraman et al, 2015 [l with 32% of the seedlings

grown from the infected seeds showing positive in PCR test.
They also concluded that the metabolic pathways may also be
interfered by the genomic products of virus and hence it
resulted as no symptom expression. The tissues isolated and
gathered from 10 germinated seeds (Plate 6) were further
allowed for the PCR tests and positive reaction was found in
cotyledon, cotyledonary leaves and epicotyl. But the seed coat
was tested negative in PCR (Table 3; Plate 7). Hence this
confirmed the seed borne nature of the YMV in greengram.
The failure of symptom expression of YMV in grown up
plants may be due to presence of very less amount virus
particle in different parts of germinated seeds. The greengram
seeds may serves as an indirect source of inoculum for the
yellow mosaic virus disease. This result is in consensus with
the finding given by Kothandaraman et al, 2015 "],

Table 3: Detection of YMV in different parts of the germinated mungbean seeds collected from YMV infected LGG-460

Plant part PCR test
Cotyledon +ve
Cotyledonary leaves +ve
Epicotyl + ve
Seed coat -ve

+ ve: Present; - ve: Absent
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Grinding of the infected samples with phosphate buffer in
sterile mortar and pestle

Inoculation of the infected sap mechanically by rubbing the No symptoms expression on the inoculated
coftton swab dipped in virus extract on leaves of10 days old plants
healthy seedlings

Plate 2: Mechanical inoculation of the YMV on healthy mungbean seedlings

Plate 3: Nicotiana benthamiana showing the symptoms after sap transmission of YMV from greengram
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500 bp

A

B

Lane 1, 2, 3, 4, 7 & 8- Inoculated sample
Lane 5- Control sample
Lane 6- Nicotiana sample
Lane L- 100 bp DNA ladder

500 bp ——>|

T,

450 bp

Lane 1, 2, 3, 4, 7 & 8- Inoculated sample

Lane 5- Control sample
Lane 6- Nicotiana sample
Lane L- 100 bp DNA ladder

l«—— 500 bp

450 bp

C
Lane 1, 2, 5, 6, 7 & 8- Inoculated sample
Lane 3- Nicotiana sample
Lane 2- Control sample
Lane L- 100 bp DNA ladder

Plate 4: Gel electrophoresis image showing band at 450bp of the leaf samples of treatments applied mungbean plants (A. Bananai local B. LGG-460 & C. TMB-
136) after sap inoculation

Plate 5: Plants showing no symptoms of yellow mosaic disease after 30 days after sowing
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1- Cotyledon 2- Cotyledonary leaf
3- Epicotyl 4- Seed coat

Plate 6: Different stages of germination of infected mungbean seed

450 bp

500 bp

100 bp —, |

A
Lane 1, 2, 3, 4 & 5- Leaf sample collected from seedling
germinated from diseased seeds
Lane 6- Positive control
Lane 7- Water control
Lane L- 100 bp DNA ladder

1 2 3 - 5 6 L

450 bp

<«——— 500 bp

100 bp
Lane 1- Cotyledon Lane 5- Positive control

Lane 2- Cotyledonary leaf Lane 6- Water control

Lane 3- Epicotyl Lane L- 100 bp DNA ladder

Lane 4- Seed coat

Plate 7: Gel images showing an amplification band at 450 bp of leaf samples (A) & Different plant parts of diseased seeds (B)
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Conclusion

Investigations on transmission of YMV of greengram
revealed no mechanical transmission. Germination of seeds
collected from YMYV infected plants was also reduced. There
was no symptom expression also in grown up plants, though
latent infection was there. Though the seed transmission of
YMV couldn’t produce any symptom in grown up plants
latent infection of the virus was found in the preliminary stage
of the seedlings.

Appendix

CTAB (Extraction buffer)

CTAB 4%
Nacl 114 M
EDTA (p"8.0) :20 mM
Tris Hcl : 100 mM

Stock solution (100 ml)

372.24 g (molecular weight) in 1000 ml = 1M EDTA

37.224 g in 1000 ml (3.72 g/ 100 ml) =0.1 M EDTA

186.12 g in 1000 ml (18.612 g/100 ml) = 0.5 M EDTA
Dissolved the chemical in 50 ml of distilled water and
adjusted the p" and the volume made up to 100 ml.

Loading dye (6X)

Dissolve the sucrose (40 g) completely in 80 ml of distilled
water and add 0.25 % of Bromophenol blue and finally made
volume up to 100 ml and stored at 4 °C.

50X TAE Buffer (1000 ml

0.5 MEDTA 100 ml

Glacial acetic acid ;57 ml

Tris base 12424

Distilled water : 840 ml
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