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Abstract 
Mungbean, an important pulse crop, is widely grown in various regions of the world with Indian sub-

continent as center of origin. The crop is vulnerable to different biotic and abiotic stresses but 

Mungbean Yellow Mosaic Disease, transmitted by whitefly, is most damaging in all of its growing 

areas. Mungbean yellow mosaic disease severely affects the plants causing up to 100% yield losses. 

Disease management strategies are being applied at various levels ranging from seed treatment to 

various breeding strategies and genetic engineering techniques. Enormous efforts have also been 

devoted to find out resistance sources as well to determine genetics of disease resistance. This review 

summarizes the available information on all aspects of this disease. 
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1. Introduction  
Mungbean (Vigna radiata v radiata), 

known as green gram, golden gram, chickasaw 

pea, oregon pea, moong, mung and mungo, is an 

important pulse crop. It belongs to family 

Febaceae and genus Vigna. It is an annual, erect to 

sub-erect, deep rooted, 25 to 100 cm tall 

herbaceous plant. Stem is hollow, branched, 

furrowed, squarish, covered with small hairs and 

sometime pigmented purple. Compound leaves 

arise on the stem alternately and are tri-foliate or 

pent-foliate. Leaflets are round at base and pointed 

at apex, broadly ovate, medium to dark green, 

containing hairs and sometimes lobes. These are 

palmately three-veined, cuneate at the base and 

acuminate at the distal end. Small and greenish to 

bright yellow flowers are born on indeterminate 

inflorescence known as raceme. Flower of 

mungbean is a typical papilionaceous, that is, 

contains one wing, two standards and two keels.  

It contains 10 stamens arranged diadelphosly and 

one gynoecium. Gynoecium contains monocarpic, 

superior ovary with marginal placentation, twisted 

style and hairy stigma. Usually 10 to 15 seeds are 

formed in long hairy pods known as legumes. 

Seed color varies, may be green or olive green, 

yellow, brown or blackish. 

Indian subcontinent is center of origin of 

mungbean and also considered as a region of first 

domestication (Vavilov, 1926; Zukovskij, 1962) 

due to presence of a diverse collection of 

cultivated and wild types (Baudoin and Maréchal, 

1985). Its progenitors are abundantly found in the 

forms of weeds growing in other crops in India 

(Chandel et al., 1984; Lawn and Cottell, 1988), 

and Australia (Lawn and Cottell, 1988). Later on it 

spread from Asia to Middle East, East Africa, 

Australia and finally to America. It is widely 

grown in tropical and sub-tropical regions of 

world. Almost 90% of mungbean is contributed 

from Asia. Major contributors in mungbean 

production are India, Pakistan, Thailand, 

Bangladesh and Philippine (Bakar, 1981; Malik, 

1991; Malik and Bashir, 1992).  

Mungbean is vulnerable to different 

biotic and abiotic stresses. Among biotic stresses, 

mungbean yellow mosaic disease (MYMD) is the 

most damaging one and is prevalent in all growing 

areas (Sudha et al., 2013a; Mohan et al., 2014). 

This disease is transmitted by whitefly (vector) 

and has a wide range of hosts. MYMD is 

characterized by small irregular yellow specks and 

spots along the veins which enlarge until leaves 

completely become yellow. Affected plants show 

stunted growth and produce a fewer flowers and 

pods with smaller and shriveled seeds (Habib et 

al., 2007; Sudha et al., 2013a).  Breakdown of 

chlorophyll contents is caused by the mungbean 

yellow mosaic disease which results in yellowing 

of leaves. In addition to yellowing of leaves, 

destruction of chlorophyll content is responsible 

for reduced photo assimilation and subsequently 

plant yield reduces. It can ultimately cause up to 

100% yield losses in severe epidemics (Sudha et 

al., 2013a; Mohan et al., 2014). 

2.  History of disease  
The disease had been a serious threat to 

mungbean production since a long time in all 

growing areas. It was first reported in India on 

lima bean in 1940 (Capoor and Varma, 1948), in 

Dolichos (Capoor and Varma, 1950) and in 

mungbean (Nariani, 1960). In Pakistan (before 

partition e) the disease was first detected in field 

of chickpea during 1942 near Lyallpur (Vasudeva, 

1942). Different researchers have reported the 

disease in their own regions, e.g. Bangladesh 

(Jalaluddin and Shaikh, 1981), Sri Lanka and 
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Thailand (Thongmeearkom et al., 1981). Nariani 

was first to report that the disease is caused by 

virus and the virus was named as mungbean 

yellow mosaic virus by Nene (1968). Viral 

particles were observed by Thongmeearkom et al. 

(19 81) and purified latter on by Honda et al., 

(1983). First complete sequence of yellow mosaic 

disease virus was isolated from mungbean 

originating from India (Morinaga et al., 1993).  

3. Viral description 
3.1. Family and genus 

Viruses cause many plant diseases and 

huge yield losses in agriculture. Another peculiar 

feature of plant viral diseases is that these cannot 

be managed chemically and hence are very 

damaging one. All agricultural crops like cotton, 

tobacco, potato, papaya, rice, pulses etc. are 

affected by viral diseases. Plant viruses are 

grouped into 

different families. 

Most important 

viral family, 

responsible for 

plant diseases is 

geminiviridae. It 

is a group of 

single stranded 

plant viruses with 

a specific 

twinned, quasi-

isometric morphology (Bock et al., 1974; 

Mumford, 1974). Due to this morphology it was 

given name geminiviruses; gemeni means sign of 

zodiac symbolized by twins (Harrison et al., 

1977). The geminivirus group was named in 1979 

(Matthews, 1979) and upgraded to the family 

Geminiviridae in 1995 (Murphy, 1995). 

Geminiviradae is further divided into four genra 

depending upon host, viral molecular structure, 

vector etc. These include mastreviruses, 

topocoviruses, begomoviruses and curtoviruses. 

Mungbean yellow mosaic virus belongs to 

begomoviruses. The word begomo is actually 

abbreviation of bean golden mosaic virus (van 

Regenmortel et al., 1997). All begomoviruses 

cause the disease in dicots and are transmitted by 

whitefly. These are subdivided into two groups; 

monopartite and bipartite viruses. Monopartite 

viruses consist of a single DNA molecule (DNA-

A) while bipartite viruses consist of two DNA 

molecules namely DNA-A and DNA-B. MYMV 

is a single stranded DNA bipatrtite begomovirus 

(Varma and Malathi, 2003; Balaji et al., 2004; 

Girish and Usha, 2005; Malathi and John, 2008) 

with approximately 2.8 kb DNA-A length (Hull, 

2004). Like other begomoviruses its viral particles 

are isometric and geminate having 18 to 30 nm 

size with two single stranded DNA molecules 

(DNA-A & DNA-B) of 2726 and 2775 

nucleotides, respectively (Bos, 1999; Hull, 2004).  

3.2.  Molecular description   

DNA-A component encodes four genes 

namely AC1, AC2, AC3 and AC4 on 

complementary sense strand while two genes AV1 

and AV2 on virion sense strand. The replication 

associated protein (Rep), the transcriptional 

activator protein (TrAP) and the replication 

enhancer protein (REn) are encoded by AC1, AC2 

and AC3 respectively while AC4 is concerned 

with host determination, severity of symptoms and 

viral translocation (Jupin et al., 1994; Laufs et al., 

1995; Wartig et al., 1997). Coat protein of the 

virus is encoded by AV1while AV2 is supposed to 

be involved in movement. On second DNA 

component, that is, DNA-B, two genes are present 

one on complementary strand (BC1) and another 

on virion strand (BV1). A protein known as 

nuclear shuttle protein (NSP), involved in 

transport of 

virus between 

nucleus and 

cytoplasm, is 

encoded by BV1 

while BC1 

encodes another 

most important 

protein known 

as movement 

protein (MP). 

This protein is 

involved in translocation of viral particles 

throughout the plant.  

3.3.  Replication 

DNA viruses are further divided into two 

subcategories either single stranded or double 

stranded. These viruses replicate their genomes 

through one of the two mechanisms, that is, sigma 

replication or theta replication. MYMV is single 

stranded DNA begomovirus and replicate through 

sigma replication which is also known as rolling 

circle replication (RCR) (Gutierrez, 2000). The 

name given to this mode of replication explains its 

process details (rolling circle) along with 

molecular shape of DNA molecules (sigma) 

during replication. Replication takes place inside 

the nucleus of host where single stranded DNA is 

first converted to double stranded DNA. 

Replication starts at intergenic region (IR) of 

DNA molecules which does not encode any 

protein. This region plays role in transcription of 

viral genes. To start replication, Rep protein binds 

at the replication origin (ori) which is 

TAATATTAC (Stanely and Latham, 1992) in all 

geminiviruses. Initially there is a nick in this 

conserved site after TT as shown by slash 

(AATATT/AC) producing a protruding 5′ end. 

Due to this protruding end from circular molecule, 

DNA molecule looks like sigma (σ). 3′ end serves 
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as primer and is extended by polymerase which is 

moving over the circular single strand so named as 

rolling circle replication (RCR). As the full length 

of a single virus is replicated, it is cut from the 

extending molecule and is converted to circular 

form and is encapsulated to form virion.  

4. Translocation in plant  
Plant viruses have to move systematically 

from point of infection to other plant parts to 

spread in whole plant body. Viral movement 

within plant body can be divided into two type; 

short distance movement (cell to cell) and long 

distance movement. Short distance movement 

includes the viral movement from path of 

epidermal cell, mesophyll, bundle sheath cells, 

companion cells and finally phloem. This cell to 

cell route of viral movement is symplastic in 

nature that is, connected through plasmodesmata 

(Ding, 1998; Oparka, 2004). Plasmodesmata 

contain endoplasmic reticulum cylinders known as 

desmotubules. These channels have very small 

size as compared to viral particles and therefore 

pose a barrier to viral passage. Viruses have a 

protein known as movement protein which interact 

with pectin methyl transferase (protein found at 

plasmodesmata) to widen the plasmodesmata. In 

this way the viral particles move across the cells 

(Kumar et al., 2015).  

Existence of actin and myosin at 

plasmodesmata has been reported through 

immunolabelling (Overall and Blackman, 1996; 

Radford and White, 1998). Viral movement 

protein recognizes the actin cytoskeleton resulting 

in structural changes of plasmodesmata and 

increase in size exclusion limit (SEL). Callose is 

another SEL regulator and its deposition at 

plasmodesmata affects its permeability. It has been 

reported that increase in callose deposition is 

required to decrease the SEL which restricts the 

viral movement (Radford et al., 1998; Sivaguru et 

al., 2000; Radford and White, 2001). This idea is 

further supported by fact that with the expression 

of β-1, 3-glucanase, which is hydrolyzing agent, 

the viral spread increases (Bucher et al., 2001).  

5. Transmission of disease 
Transmission of viruses from one plant to 

other plants is very crucial for their survival and is 

pivotal in disease spread. Viruses are either 

transmitted by vectors or by mechanical means. 

Plant viruses are mostly transmitted by different 

insects or nematodes which feed on host plants. 

Viruses can be divided into several types based on 

the mode of transmission. Some viruses can be 

transmitted by vector just after they feed on 

infected plants, that is, viruses attached to their 

mouthparts are ready for transmission. This type 

of viral transmission is called non-persistent. 

Some viruses are not transmitted immediately 

after feeding but require long time for 

transmission. These viruses reach to the gut of 

insects and then ultimately to the saliva. Such 

viruses can be transmitted taking long time after 

feeding so this transmission is called persistent 

transmission. If the persistently transmitted viruses 

only circulate in vector body they are called 

circulative while if they also replicate inside 

vector body they are called propagative.  

MYMV is mainly transmitted by whitefly in 

circulative persistent manners (Ahmad and 

Harwood, 1973; Honda, 1983; Shad et al., 2005;  

Malathi and John, 2008; Paul et al., 2013; Mohan 

et al., 2014) and by grafting (Akhtar and Haq, 

2003) but not vertically (seed transmission), sap 

and soil (Shad et al., 2005). Only Thailand strain 

of MYMV is reported to be transmitted 

mechanically (Honda et al., 1983). The disease is 

transmitted by whitefly (Bemisia tabaci) that 

delivers the virus through proboscis to phloem 

cells of the host plant. Acquisition feeding period 

requires 24 hours for transmission of the virus in 

mungbean (Nariani, I960). However, the 

minimum period of acquisition and inoculation, 

from and to mungbean is 15 minutes (Rathi and 

Nene, 1972). Starvation of the vector for four 

hours prior to acquisition and inoculation feeding 

increased the efficiency of transmission by 12 and 

three fold respectively over the non-starved flies 

(Nair and Nene, 1973). The minimum incubation 

period for virus in vector is four hours but 24 

hours incubation period gave the maximum 

transmission (Nene, 1968). A single whitefly can 

transmit the virus, but for 100% transmission, 10 

viruliferous flies per plant are required (Nair and 

Nene, 1973). Both male and female flies can 

transmit the virus but female adults are four times 

more efficient than males (Rathi, 1979); neither 

sex remains infective throughout its life (Costa, 

1976). Pre-adult stages could also acquire and 

transmit the virus.  

Vector, virus and host range are dependent on 

each other. Host range of virus is determined not 

only by the plant viral interaction but also by the 

vector of viruses. Virus can affect only that plant 

which supports its replication but there should be a 

vector which can transmit the virus to host plant. 

Absence of any of these factors escapes the plant 

from host range of virus. Virus-vector relation is 

governed by different proteins e.g. coat protein, 

helper component protein and cuticle lining of 

vector mouthparts. It has been reviewed that when 

specific domain of coat protein found in 

begomovirus was replaced with domain of 

curtovirus coat protein, the vector changed from 

whitefly to leafhopper (Briddon et al., 1990).    

6. Alternate hosts 
A single virus can affect a wide range of 

plants which are known as host plants / alternate 
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hosts of the virus. Alternate hosts are very 

important for virus survival over a long period of 

the time by assuring their presence within specific 

place round the year.  Mostly the alternate hosts 

are close relative of each other because their 

similarity allows the same viruses and vectors to 

replicate and feed on them. For example 

begomoviruses are transmitted by whitefly and 

mostly affect dicots. MYMV infects different 

legumes including soybean, mothbean, 

frenchbean, cowpea and urdbean (mash) (Dhingra 

and Chenululu, 1985; Qazi et al., 2007). 

7.  Resistance mechanisms of 

plants 
Viruses differ from other pathogens in 

mode of disease development. Other pathogens 

depend upon the plants mainly for food while 

viruses have to just multiply themselves inside the 

host. So they require a living host instead of dead 

plant, hence they are called biotrophic pathogens. 

In some cases they don’t develop any disease but 

in other cases they cause disease. Plants have 

evolved different mechanisms to combat viruses 

and neutralize their detrimental effects. Important 

defense mechanisms of plants against viruses 

include hypersensitivity response and gene 

silencing.  

7.1 Hypersensitive and necrotic response 

(HR) 

This mechanism is used by plants against 

all types of pathogens like bacteria, fungi and 

viruses. R genes are of prime importance for this 

response. These genes activate HR response and 

leads to changes in plant defense hormones such 

as salicylic acid and jasmonic acid. It also initiates 

the accumulation of reactive oxygen species such 

as superoxide and hydrogen peroxide (Culver and 

Padmanabhan, 2007; Carr et al., 2010; Pallas and 

García, 2011; Mandadi and Scholthof, 2012). It 

has been reported that HR affects calcium ion 

homeostasis and membrane permeability. HR 

activates some proteases which are involved in 

cell death (Mur et al., 2008). In this way cells in 

periphery of infection become dead to limit the 

viral spread to other plant parts in resistant 

genotypes. 

7.2  RNA silencing  

It is common observation that new leaves 

of infected plants are mostly disease free. 

Basically same or related viruses can not affect the 

newer plant leaves. This is due to a process known 

as “recovery”. Recovery process is actually due to 

another plant defense system known as RNA 

silencing. RNA silencing is well known in all 

organisms; animals, plants, fungi and insects. 

RNA silencing is viewed as a primary antiviral 

defense system of plants (Chellappan et al., 2005). 

In this mechanism small RNAs degrade larger 

RNAs in sequence specific manner (Baulcombe, 

2004; Carr et al., 2010). There are two types of 

small RNAs; micro RNAs and short interfering 

RNAs depending upon their source (Brodersen 

and Voinnet, 2006; Xie et al., 2004). Micro RNAs 

are synthesized by transcription of the non-protein 

coding DNA followed by some procedure. 

siRNAs are produced by cleavage of dsRNA (Xie 

et al. 2004; Brodersen and Voinnet, 2006). RNA 

silencing has two modes of actions depending 

upon the target. In first case, post transcriptional 

gene silencing, the messenger RNA of virus is 

targeted and degraded resulting in immunity 

against that virus. In another case cytosine residue 

of viral DNA or histone protein is methylated 

(Mathieu and Bender, 2004; Vanitharani et al., 

2005; Akbergenov et al., 2006; Dogar, 2006;  

Daxinger et al., 2009) which makes the DNA 

compact and transcription is blocked. This is 

called transcriptional gene silencing. Although 

symptom recovery is not found in case of MYMD 

(Boulton, 2003; Varma and Malathi, 2003) but it 

has been reported that resistant genotypes degrade 

the RNAs of MYMIV more rapidly as compared 

to susceptible genotypes (Yadav et al., 2009). 

Transcriptional gene silencing in region of 

replication start site of MYMV has been reported 

in resistant genotypes (Yadav and Chattopadhyay, 

2011). 

8.  Physiological changes 

associated with MYMD 

Plant is a living entity so responds to any 

internal or external change accordingly. On 

exposure to any pathogen, plants try to adjust their 

physiology, morphology and anatomy to minimize 

the deleterious effects of pathogen and to maintain 

their own growth and development. Gene 

expression of a large number of genes is altered in 

response to pathogens. The response is different in 

resistant (incompatible reaction) and susceptible 

(compatible reaction) plants.  

The first response of plant to any 

pathogen is production of reactive oxygen species 

(ROS). The production of ROS during plant 

pathogen interaction is harmful for the pathogen; 

ROS transmits signal to induce defense pathways 

in the host (Gara et al., 2003). During disease, 

ROS and total phenols increase in both resistant 

and susceptible plants but rate of change is much 

greater in resistant plants. To save the plants from 

deleterious effects of ROS, there is another plant 

system known as anti-oxidant system. Anti-

oxidants help in keeping the ROS activity within 

limits. Superoxide dismutase (SOD) sharply 

increases in resistant plants as compared to 

susceptible plants and coverts superoxide to H2O2 

(Kundu et al., 2013). This increased ROS 

production causes the rupturing of plastids making 

the chlorophyll free inside cell. This exposed 
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chlorophyll is destroyed by the enzyme named as 

chlorophyllase (Goodman et al., 1986). In 

susceptible genotypes there is significant 

reduction in Chlorophyll a, Chlorophyll b and 

carotenoid contents while no significant change 

has been observed in resistant genotypes. More the 

reduction of chlorophyll less is green color; 

increased yellowing of leaves is primary symptom 

of disease. This reduction in chlorophyll content 

results in reduction of photosynthesis in 

mungbean. Soluble and total carbohydrate 

contents increased significantly in resistant plants 

while slight change was found in susceptible 

plants. Insoluble carbohydrate showed slight 

increase in resistant genotypes but significantly 

decreased in susceptible genotypes (Kundu et al., 

2013). 

9. Genetics of disease resistance 
Genetic resistance against diseases, 

insects or stresses is most economical and viable 

solution for crop improvements. Therefore a 

massive work has been done in searching the 

MYMD resistance. Different levels of disease 

resistance are found in mungbean germplasm. 

Disease resistance may be dominant or recessive 

over susceptibility. Mostly dominant resistance is 

found against bacterial and fungal pathogens 

(Soosaar et al., 2005) while it is reported that 

resistance against plant viruses is mostly 

controlled by recessive genes (Truniger and 

Aranda, 2009). This condition has its further 

important implications. In case of dominant 

resistance, the resistant genotype is of great 

importance because it has an important 

mechanism which does not support viral 

replication or its spread within plant body. While 

in case of recessive resistance, recessive plant 

does not have any resistance mechanism or 

process but it is deficient of any plant factor which 

is crucial for viral replication or spread (Diaz-

Pendon et al., 2004). Therefore when such plant is 

crossed with susceptible plant, resulting F1 is 

susceptible due to presence of that factor 

contributed by susceptible plant. It shows that the 

nature of disease resistance is very important for 

determination of mechanism underlying the 

resistance and resistance development. Secondly 

the numbers of genes which confer resistance are 

also very important in breeding resistance crops. 

Numbers of genes provide the relative ease or 

difficulty with which the trait can be transferred in 

any genetic background. 

There is conflict among the scientists 

regarding the numbers of genes conferring 

resistance against this disease. Resistance to 

MYMD has been reported to be controlled by 

single recessive gene (Thakur et al.1977; Malik et 

al., 1988; Malik and Bashir, 1992; Reddy and 

Singh 1995; Saleem et al., 1998; Basak et al., 

2004; Khan et al., 2007; Sudha et al., 2013b). 

These findings are based on different generations 

like F2, BC1 and BC2 analyzed by chi square test. 

According to some other scientists, resistance is 

controlled by two recessive genes (Shukla and 

Pandya, 1985; Ammavasai et al., 2004). Chandra 

et al. (2010) has reported that the resistance to 

MYMD is controlled by three recessive genes. 

Sandhu et al. (1985) has claimed that resistance is 

controlled by single dominant gene. So it shows 

that there is no single accepted idea on numbers of 

genes and nature of resistance (recessive/ 

dominant). It has also been reported that there is 

no involvement of extra-nuclear genes in the 

resistance. It means that there is no difference in 

reciprocal crosses of resistant and susceptible 

parents (Shukla et al., 1978; Khattak et al., 2000; 

Khan et al., 2007). Recently Akbar et al. (2018) 

has shown that the resistance is controlled by two 

genes showing additive gene action. Interestingly 

Akbar et al. (2018) has also reported monogenic 

resistance for the disease from the same data and 

concluded that conflict regarding number of 

resistant genes springs from disease severity scale 

and number of classes used by the researchers. 

This finding has given a new direction to the 

researchers to manage this conflict regarding 

nature of disease resistance.  

Most accepted idea about MYMD 

resistance is that it is qualitative /oligogenic in 

nature but some scientists claim that it is rather 

quantitative. The idea of quantitative nature is 

supported by the fact that there are no clear cut 

classes of disease reaction. Plants show a 

continuous change in disease severity which 

implies that resistance is not discrete. One 

explanation to these continuous varying disease 

symptoms is that in addition to the major genes 

there are some modifying genes. These modifying 

genes alter the degree of expression of major 

genes and produce a continuous resistance 

(Khattak et al., 2000). The idea of quantitative 

nature has also been supported by Akbar et al. 

(2018) who reported additive gene action for 

resistance.  

10.  Crop management / solutions  
10.1 Insect control 

MYMD is transmitted only through 

insect vector (whitefly) instead of mechanical 

transmission. So, one of the ways to stop the 

spread of disease is to control the vector. Whitefly 

is a polyphagous insect and it is found round the 

year in field providing the inoculation source. It 

can be controlled by management practices 

(botanicals and chemicals). Primary and effective 

way for controlling whitefly is chemical control. 

Acetamiprid, thion, imidachlorpid, triazophos are 

popular systemic chemical insecticides against 

whitefly. These provide control in both ways; they 
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kill the insect not only on contact, but are also 

absorbed by the plant. In latter way these provides 

protection against the insect for more than few 

weeks (Wang et al., 2009). Seed treatment with 

insecticides is also potential way to control the 

vector. Time of application, stages of vector to be 

controlled and the way of insecticide application 

are worth important. Younger stages of insects can 

be easily controlled as compared to adults.  

Similarly, crop season plays a vital role in 

determining the insect population. Generally 

whitefly population is very high during hot and 

dry season while less in humid and cool season. 

So the planting time of crop can be managed for 

controlling the insect vector. In this context 

mungbean planting during spring season is 

preferred with respect to MYMD.  

 Different botanicals are also used to 

control whitefly population in crops. Neem 

(Azadirachta indica) plant is famous for its 

biological products against pests. Neem seed 

extract and neem oil are effectively used against 

whitefly. It is especially effective at nymph stages 

of the insect. In this way the transformation of 

nymph to adult whitefly is hampered by this 

product, resulting in reduction of whitefly 

population (Dubey et al., 2011).    

10.2. Breeding for MYMD resistance 

Genetic resistance is most important and 

viable control against any disease. It is completely 

based on plant genetic architecture and hence no 

insecticide or any other strategy is required to be 

used. It is also durable, economic and environment 

friendly approach. It only requires the source of 

resistance, from where we can transfer the 

resistance to any genotype. Secondly the 

inheritance pattern of resistance is also critical to 

develop the strategy to transfer the trait of interest.  

Identification of true resistant source is 

prime objective in breeding against any disease. In 

this regard first and most crucial step is to measure 

the extent or severity of disease (Horsfall and 

Cowling, 1978; Akhtar and Khan, 2002). A 

massive work has been conducted to search out 

the resistance source in Pakistan, India, 

Bangladesh, Thailand and other affected countries. 

Grouping of the genotypes as resistant and 

susceptible is done following different disease 

scoring scales. These scoring scales are either 

based on disease incidence percentage (percentage 

of diseased plants) or on disease severity. The 

scoring scale based on infection percentage has 

been used previously by almost all scientists 

(Ahmad, 1975; Bashir et al., 2005; Bashir et al., 

2006; Khattak et al., 2008) but scale based on 

disease severity is now becoming popular among 

scientists. The scoring method based on disease 

severity was given by Akhtar et al. (2009) and is 

quantitative in nature. Disease severity based scale 

is better because it considers the severity of attack 

and differentiates the responses from slightly 

affected to severely affected plants. While in case 

of disease incidence percentage scales, there is no 

difference between slightly and severely infected 

plants. This scale just bothers about the percentage 

of infected plants.   

Screening of germplasm following any 

disease scoring scale yields the information about 

resistance sources and their resistance potentials. 

So screening of germplasm or identification of 

resistance source is first step in breeding. In this 

context a massive work has been conducted to 

search out the resistance sources in mungbean by 

different scientist (Ahmed, 1975; Sahoo and Hota, 

1991; Singh et al., 1996; Shad et al., 2006; Akbar 

et al., 2017) with different levels of success. 

Resistance to MYMV has also been recognized in 

wild species (V. umbellata and V. sublobata) of 

mungbean and may consent the introduction of 

such resistance by means of interspecific 

hybridization (Monika et al., 2001; Bisht et al., 

2005; Pandiyan et al., 2008; Sudha et al., 2013). 

Through the practices of intra and inter-specific 

hybridization, several promising lines which are 

not only tolerant / resistant to MYMV but are also 

high yielding have been developed and released 

for commercial cultivation (Reddy and Singh, 

1995; Saleem et al., 1998). As mentioned earlier, 

inheritance pattern of MYMD resistance is 

controversial among the scientists with respect to 

number of genes governing the resistance. After 

source identification, the next step in breeding is 

to determine the genetic nature of the 

trait/resistance. Information regarding inheritance 

of trait is crucial in decision of breeding method to 

be used. Different researchers have struggled to 

determine the inheritance pattern of MYMV 

resistance (as discussed above).     

10.3. Engineering the resistance  

In most cases natural sources of 

resistance to viral diseases are scarce therefore 

engineering the resistance artificially is an 

effective alternate. There are different ways to 

introduce resistance through genetic engineering 

but all the procedures follow the same basic 

principle. Sanford and Johnston (1985) were first 

to propose mechanism of artificial disease 

resistance through use of proteins of pathogens 

and resulting resistance was named pathogen 

derived resistance (PDR). In this approach genes 

of pathogens encoding important proteins are 

transferred to plants and plants expressing these 

genes become resistance to the disease. Viral 

proteins including coat protein, movement protein, 

rep protein and replicase proteins have been 

successfully used in engineering resistance to 

different viruses (Abel et al., 1986; von Arnim and 

Stanley, 1992; Vanitharani et al., 2004).  

 In case of MYMV, Rep and AC4 genes 

have been successfully used to engineer resistance 
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in soybean, blackgram (mash) and tobacco. Rep 

protein occupies the pivotal position in viral 

replication inside the nucleus of plant. Rep, a 

multifunctional protein, is involved in 

transcription regulation and viral replication. It is 

also involved in activation and recruitment of 

proteins encoded by hosts for its DNA synthesis 

(Hanley-Bowdoin et al., 1999). The central 

portion of Rep has a role in oligomerization 

(Orozco et al., 1997). Shivaprasad et al. (2006) 

has evaluated the use of different MYMV genes 

for developing resistance in non-host plant i.e. 

tobacco. Coat protein, nuclear shuttle protein 

(NSP), movement protein and replication 

associated protein (Rep) were transferred to 

different tobacco plants. After transformation with 

viral genes, plants were agro-inoculated with 

partial dimmers of MYMV. No resistance was 

observed in case of transformation with CP, MP, 

NSP and Rep antisense. Resistance was only 

observed in plants transformed with Rep sense 

gene and T-Rep gene. Haq et al. (2010) has also 

engineered the resistance against MYMV using 

the sense Rep gene. Another protein coding gene 

of MYMV, used in engineering resistance is AC4. 

It is found in DNA-A genome nested inside Rep 

gene. The C4 gene of monopartite viruses 

manifests several functions. The C4 genes of beet 

curly top virus (Stanley and Latham, 1992), 

tomato leaf curl virus (Selth et al., 2004) and 

tomato leaf curl virus-Australia (Saeed et al., 

2008) act as major symptom determinants. Sunitha 

et al., 2013 has exploited this gene for developing 

resistance against MYMD. It was transferred to 

plant in two form; sense and hairpin structure. 

Resistance was observed only in hairpin structure 

while no resistance was seen with AC4 sense 

configuration. 
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