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In present era problems like population incensement, food insecurity, loss of genetic diversity, 

challenging environmental etc. are directly or indirectly becoming huge obstacles in achieving 

the goal of providing every person daily basic food requirement. These conditions have put 

humankind in dangerous situation like Malnutrition. About 14.8% of Indian population has 

been affected by malnutrition. Although government is making policies and plans to fight 

against malnutrition but their efforts are insufficient to wipe out root cause of this problem. 

Therefore there is an urgent need of development of new scientific approaches and methods to 

battle against malnutrition. A big population of India relies on vegetarian sources of food and 

pulses are one of the main constituent of Indian vegetarian diet. Pulses provide good quality of 

protein and increasing the production of pulses in country will definitely be a great stride to 

fight malnutrition. Increase in population has made pulses demand high and because of its low 

productivity and importance in Indian diet caused big spike in their prices. Imports of pulses 

have been increased due to its insufficient availability in the country and this is causing harm to 

our economy. Good quality of protein is inaccessible for poor people and malnutrition showing 

its effect on the population of all age groups. Therefore techniques like mutation breeding are 

highly needed to be introduced in these situations. Mutation breeding is one of the best 

techniques to bring genetic improvement in pulse crop in the short period of time. Mutation 

breeding is highly productive technique against malnutrition and to fulfill nutritional demand of 

increasing human population. Induced mutagenesis is very effective to introduce superior 

nutritional quality and wider adaptability in pulse crop. Another advantage of induced 

mutagenesis is that, we can apply physical and chemical mutagens on large population within 

short period of time. With the aid of molecular techniques combined with mutation breeding, 

we can bring a revolution in overall crop improvement and enhancement in their quality traits 

within limited interval of time. Mutation breeding is a technique which deals with producing 

genetic changes by inducing mutation in it. Mutation occurs in environment naturally but rate 

of spontaneous mutation is very low. It can be produced artificially by various means with the 

focus of achieving a specific target. Mutation is very efficient technique to generate beneficial 

variations within small interval of time. There are various reasons for low productivity of 

pulses in India like less sown area, rain fed conditions, marginal farmers, lack of awareness, 

low productivity etc. Keeping these facts in view concerted effort has been made not only to 

enhance the productivity of pulses but also to ameliorate the quality of pulses. In the present 

article the focus has been made to wipe out malnutrition from the country with the help of 

mutation breeding. 
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Introduction 
 

The technique of induced mutation has gifted 

humankind 3200 plus mutant varieties, which 

came out of more than 210 species of plants 

and 700 countries, have contributed their role 

in production of those varieties (1). Mutation 

breeding has given easier way to refashioning 

the genetics of plants which would be very 

complex and laborious if cross breeding 

would have used. India wears crown in 

production of pulses as it comes on top 

ranking with 13-15 million tons of pulse 

production every year. Acreage of pulse crop 

is around 22-24 million hectares Portion of 

different pulse crops in total pulse production 

is Chickpea (38%) , Pigeon pea (18%) , Mung 

bean (12%) , Urd bean (10%) , Lentil (7%) 

etc. Five states of India Furnish 75% portion 

of total pulse production. 

 

Pulses are widely popular as grain legumes 

and their protein profuseness proves them as a 

necessary component of human diet besides 

cereals. Pulses cultivation plays significant 

role in sustainable farming. Protein 

requirement for an adult (man/woman) above 

the age of 18 is 0.88 grams per kilogram of 

body weight per day. Adults with 40, 

50,60,70,80 kilograms of body weight 

requires 33, 42,50,58,66 grams of protein per 

day respectively (2). In today world, 

generation of high yielding varieties is a 

rudimentary requirement of this period. 

Breeders are trying to achieve variations and 

those traits which are capable of giving high 

yields with the aid of procedures like 

selection, hybridization and mutation. Among 

all these strategies which are applied to 

acquire variability, mutation is one of the 

most dynamic tools to achieve their target. 

 

Table 1 show that 36.2% of total female 

population in 1998-99 was suffering from low 

BMI than normal and situation improved in 

2005-06 but obesity in female population has 

increased by 4.20% (3)(4). NFHS (National 

family health survey), BMI (Body mass 

index). 

 

Malnutrition India’s misfortune 

 

According to WHO malnutrition allude to 

insufficient or overabundant consumption of 

diet/or nutrients/or energy. Malnutrition is a 

situation in which body falls when it gets 

shortage of least amount of daily needs. State 

of malnutrition is more intense in case of 

children. Adults are also suffering from it and 

foremost rationale of it is faulty absorption. 

We can include starvation condition in 

malnutrition too. Famine is one of the 

rationales behind malnutrition in some parts 

of world. One out of three individual is 

touched by malnutrition globally. People who 

are living in condition of bad sanitary, lack of 

clean water availability, poverty are 

commonly affected by malnutrition. 

Causation behind under nutrition is non-

significant amount of nourishment to fulfill 

body’s needs. Sometimes body loses ability to 

acquire nutrition from eaten food. Nature of 

food is also greatly effect (5). Regardless of 

India’s boosting economy and its progress, 

India is failed to achieve success to combat 

with malnutrition problem (6). A list has been 

generated by Global hunger index on 10-nov-

2018 and India has been placed at 103th rank 

out of 119 countries (7). It shows enormous 

degree of hunger in our country. 

 

Types of malnutrition 

 

Malnutrition can be expressed into following 

types. 

 

(1) Under nutrition 

 

Under nutrition effects children intensely to 

that degree in which it exposes them 

defenseless against disease and death. 

 



Int.J.Curr.Microbiol.App.Sci (2019) 8(5): 1068-1096 

1070 

 

(a) Wasting is one of the subtypes of 

under nutrition which denotes less 

weight for a specific height. 

Insufficiency of food and diseases are 

chief rationale behind it. 

(b) Stunting is another sub division of 

under nutrition which signs less height 

according to age. Principle rationale 

behind it is faulty or improper care in 

early life, sickness etc. 

(c) Under weight is another sub category 

of under nutrition which tells improper 

weight for a particular age  

 

(2) Malnutrition affiliated to inadequacy of 

micronutrients consumption 

 

Vitamin and mineral scarcity in diet and 

consumption of improper diet leads to this 

type of malnutrition. Iron, vitamin A and 

Iodine insufficiency and their scarcity in diet 

can lead to intense health troubles. 

 

(3) State of being obese and over weight 

 

This condition alludes to excessive heaviness 

in body weight which is improper according 

to height of that person. 25 or above BMI 

categorizes under overly weight individual 

while 30 or more BMI classed under obesity. 

Chief rationale behind this condition is high 

supply of energy to body which is very less 

than its utilization by that person (8). 

 

NFHS report on malnutrition in India  

 

NFHS (National family health survey) is a 

survey which in 1992-93. Motives of NFHS 

are: 
 

(a) To study and produce important data 

required by MOHPW (Ministry of 

health and family welfare). So that it 

can be helpful in making policies. 

(b) To study and produce essential data 

regarding newly appearing health and 

family welfare matters (9). 

In the following table 1 adults have been 

taken under focus except those women who 

are pregnant. Their nutritional status has been 

judged on the basis of their BMI. BMI lower 

than 18.5 kg/m
2
 has been considered as lower 

than normal BMI and BMI greater than or 

equal to 25 kg/m
2
 has been taken as more than 

normal BMI which shows overweight and 

obesity. 

Table 2 shows the data of whole India and its 

two main regions, it shows 43.50% and 

39.10% of total female and male population 

are suffering from abnormal BMI respectively 

(10). 

 

Position of malnutrition in Mumbai: The 

financial capital of India 

 

Under nutrition is the issue which is wide 

spread and common threat for developing 

countries. A study has been conducted 

regarding malnutrition situation among the 

individuals who fall under age group of 

adults. As financial shape of Mumbai region 

is comparably well grown than other states of 

India but still it is significantly affected by 

malnutrition (11).           

 

Table 3 shows percent of adults (age groups 

15-65 and 65+) with respect to their BMI in 

Mumbai (11).Data clearly shows 2.57% of 

females and 3.59% of males population fall 

under category of severely malnourished, 

while 43.5% females and 54.52 Percent of 

males are come under division/class of 

normal nourished while 4.29% of female and 

2.53% of males fall under obese class 3.  

 

Categorization of different BMIs in different 

classes of malnutrition and obesity (12) is 

given in Table 4. 

 

Figure 1 shows percent of male and female 

population of Mumbai who eat pulses and 

they are categorized according to their BMIs 

Graph says 91% of males and females eat 
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pulses and fall under class of normal BMI 

(11). 

 

Significance of pulses and their nutrition in 

human diet to fight malnutrition 
 

Significance and demand of pulse protein 

in human diet 
 

Demand of protein or its minimum 

requirement in an adult human body can be 

define as the least supply of protein which is 

capable of maintaining nitrogen equilibrium, 

suitable body configuration, energy balance 

and ability of body to do moderate amount of 

physical activities. In case of elderly people 

protein supply of 0.8g/kg of their bodyweight 

per day with proper resistant training is 

helpful in Sarcopenia. Protein supply in the 

body of elderly people should not be 

decreased from 0.75g/kg of their body weight 

per day. This amount of protein is safe for 

human body. Protein requirement of adult 

female can be slightly differ from adult male 

as because of difference in body composition, 

but 0.75g/kg of body weight per day protein is 

harmless for them too. Dietary need of protein 

is define as adequate availability of protein or 

amino acids in diet so that metabolic need of 

body can be fulfilled and nitrogen equilibrium 

can be maintained. Proper amount and type of 

amino acid is required in human body as 

according to its need for example growth of 

babies, during milk formation in women, 

during pregnancy etc. (2). 
 

Figure 2 shows protein content (in g/100g) in 

different types of pulses and soybean contains 

highest amount 40.3g of protein (13) 
 

Carbohydrates in pulses and its 

significance in human diet 
 

The amount of energy contained in food can 

be derived by its protein, carbs and fats 

quantity present in that food. Glucose, 

fructose, sucrose, lactose, starch, cellulose are 

few examples of simple sugar which contains 

carbohydrates. The amount of energy which 

comes out of one gram of carbohydrate is 4 

Kcal. The source of energy which is 

considered as main energy providing source 

in human body is carbohydrate. Glucose has 

been used by brain cells as chief energy 

source. In human body especially in liver and 

skeletal muscles glycogen has found as 

storage. Breakdown of glycogen occurs and it 

forms glucose. Importance of glucose is most 

high among all carbohydrates which are 

found in human body (14). Following figure 3 

shows amount of carbohydrates in different 

pulse crops (grams of carbohydrates present 

per 100 grams of pulses). 

 

Vitamins and Mineral in pulse and its 

significance in human diet 

 

Vitamins and minerals are very helpful in 

running proper pathways of conversion of 

dietary energy to cellular level energy. ATP 

considered as main cellular energy and there are 

several pathways which help in ATP 

generation. These pathways need cofactors, 

coenzymes and electron and proton carriers. 

Many of these cofactors, coenzymes are derived 

from vitamins for example TTP (thiamine 

pyrophosphate from vitamin B1), FMN and 

FAD from vitamin B2 etc. Disease like rickets, 

scurvy, beriberietc can happen by deficiency of 

vitamins. Vitamin C plays important role in 

production of Carnitine and also it is an 

antioxidant. Vitamin B12 helps in catabolism 

and anabolism of fats and carbohydrates and 

also plays important role in production and 

making of proteins (15) (Fig. 4). 

 

Table 5 shows amount of different types 

vitamins found in different pulses. Rajmah 

(kidney bean) has highest amount of Vitamin 

C (13). Calcium is very helpful mineral in 

generating tension in muscles and nerves and 

also helpful in release of insulin. Phosphorous 

is an important part of polynucleotide chain 
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and it is a constituent of ATP, ADP, AMP. 

Magnesium works as cofactor in hundreds of 

enzymatic reactions happens in human body. 

Iron is a constituent of hemoglobin and very 

helpful in carrying and delivering oxygen. 

(15). 

 

Table 6 shows amount of different types of 

minerals present in different pulses.(13). 

 

Energy and dietary fiber content in pulses 

and its significance in human diet 

 

Cellular processes need fuel to run properly 

and that fuel is energy and it is provided by 

food which we consume from external 

sources. There are several types of reactions 

occurs in our body results in production of 

energy. Energy accumulates in our body for 

future use in the form of ATP, ADP, AMP 

etc.,and ATP generation happens in special 

part of cell that is Mitochondria. Body gives 

priority to glucose for manufacturing ATP 

(15). 

 

Figure 5 shows energy (Kcal/100g) in 

different types of pulses (13) 

 

An adult (male) with 70 kg of body weight 

and 18-29 year of age and does moderate 

physical activity will require 183 KJ/kg of 

body weight and in case of female with same 

age and weight will require 159 KJ/kg of 

body weight. (2). 
 

Food which have plenty amount of dietary 

fibers, it will be short in amount of energy 

and fat but higher in volume and 

micronutrient content. 20-35g of dietary fiber 

consumption is advocated for a healthy adult. 

It helps in decreasing hunger because fibers 

increase food size and its volume. Fibers 

decrease speed of absorption of glucose. It 

helps us to stay far from heart disease by 

lowering down cholesterol and it makes 

passage of food from intestinal tract easy and 

quick (16). 

Figure 6 shows percent of dietary fiber 

present in different types of pulses (13). 

 

Position of India on pulse production and 

its availability but insufficiency to tackle 

malnutrition 

 

Pulses are grown in India in those areas which 

are semi-arid and going through with high 

variability in precipitation and this leads to 

low efficiency in production. Suitable lands 

for pulse production are being used by 

farmers to grow other crops. However pulses 

are quality source of vegetarian protein but it 

is unable to satisfy demand of poor people, 

chief cause behind it is increasing gap 

between demand and supply of pulses and this 

is leading to increase in prices. In past few 

years imports of pulses in India have been 

increased (18). 

 

Lethargic rates of production of pulses in 

India have developed its shortage. Graph 7 

given below gives information about yields of 

different kinds of pulses per hectare from 

2004 to 2014. Growth in area of cultivation of 

pulses is almost motionless, if we see from 

year 1972-73 to 2013-14. In 1972-73 area of 

pulse cultivation was 21.87 million hectare 

and in 2013-14 it is increased slightly to 24.42 

million hectare.  

 

From 1972-73 to 2013-14 productivity of 

pulses had been grown by 51%, before it was 

500 kg/ha and later it became 785 kg/ha. 

Although production has also been increased 

by 69%, earlier in 1972-73 it was 10.94 

million tons and later in 2013-14 it had been 

grown to 18.44 million tons. Chickpea and 

Pigeon pea are chiefly grown pulses in 

country. Cultivation of pulses in India is 

chiefly dependent on rainfall for irrigation. 

Only small amount of area that is 8-10% has 

been treated under proper irrigation. Pulses 

are easy target for disease and pest (18). 
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Figure 7 shows yields of different types of 

pulses (in kg/ha) in India (2004-05 to 2013-

14) (17). 

 

Figure 8 shows availability of pulses per 

person per day (in grams) from 1991 to 2018 

in India (17).  

 

2018 (P) = Provisional data has been taken on 

the basis of 3
rd

 advance estimate of 

production for 2017-18. 

 

Pulses availability and demand in the 

country 

 

The rate of increase in production of pulses is 

not sufficient to match up with the increasing 

rate of population and the demand. In 1956 

availability of pulses was 70.3 gram per 

person per day, which later fell down to 37.5 

grams per day per person and in 2013 it was 

decreased to 29.19 g per person per day. 

Although in recent years availability has 

increased. According to NFHS 89% of 

Indians consume pulses at least single time in 

a week. Imports of pulses which had been 

expanded with the rate of 9.8% per year from 

1980-81 to 2013 (18). 

 

Table 7 shows import percent of pulse over 

production and its supply, demand, 

availability (in million tons) in India (1980-81 

to 2015-16). (13), (18) 

 

Mutation breeding: a potent technique 

against malnutrition  

 

Role played by mutation in evolution is very 

significant and in generation of variations 

contribution of mutation is paramount. 

Mutation integrates with hybridization may 

give rise to new kinds of genetic variation 

which causes improvement. Mutation was 

defined by Hugo de varies. He proposed a 

chain of articles (1901, 1903, and 1905). He 

announced that mutation is not the result of 

normal recombination process but mutation is 

sudden change in genetic material which 

keeps running progeny to progeny. He used 

word sudden because he observed on the basis 

of phenotype. However changes in genotypic 

level may not be necessarily mean that it will 

occur suddenly in phenotype too. These 

changes are very small and can only be 

identified by the use of molecular techniques. 

Modern view regarding mutation says that it 

happens when gene structure changes at 

molecular level which is called as gene or 

point mutation. When changes occur at 

chromosomal level which leads to change in 

phenotype and these types of changes are 

called chromosomal mutation. Mutants are 

those individuals in which mutation happened 

and cab be identified by phenotyping (19). 

 

There are various ways to classify mutations; 

a rough classification has been given as 

follows: Macro mutations are those which are 

driven by fewer genes and their effect on 

phenotype is comfortably identifiable. Micro 

mutations are driven by numerous genes and 

finding their phenotypic effect is a laborious 

task and in this case we have to identify 

phenotypic effect on large population to 

detect phenotypic effect of genes in micro 

mutations (20). 

 

Morphological mutations are those which are 

recognized by physical properties of an 

individual such as organism’s shape, its size 

and its color. Alleles in which mutation 

happens and cause death of that organism, 

these mutations can be identified by studying 

the cause of death of that organism, are 

known as lethal mutations. In conditional 

mutation special environment is required to 

detect mutant phenotype. Biochemical 

mutations happen due to lacking or 

accumulation of some substance or due to 

misbalances and losses in normal biochemical 

paths and functioning of cells and these 

changes make tissues incapable to work 
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normally (21). 

 

A brief explication of mutation breeding  

 

In late 1920s Lewis john stadler made the 

base of a different method to prompt genetic 

change in plants which was different from 

conventional breeding and that technique was 

called mutation breeding. He was a plant 

breeder and experimented with x rays on 

crops and observed changeability in genetic 

material of those crops. Mutation breeding is 

different from other breeding methods 

because it fastens the speed of achievement of 

desired characters in plants generated by 

mutant gene. In mutation breeding the way of 

selection, evaluation, Investigation of 

experimented breeding lines is different .It 

has potentiality to generate a complete new 

variation in genetic structures. Muller in 1927 

proved that X rays effect significantly on rate 

of mutation in Drosophila. After Stadler work 

had been done on many physical mutagens 

like ionizing radiations, alpha, and Beta and 

neutrons particles in many research centers. 

Later on, during the time of Second World 

War chemical mutagens were also came in 

use like mustard gas. Chemical mutagens 

became prominent soon because they were 

easier to use and success rate was higher. 

Lately mutation breeding technique has been 

merged with techniques like molecular 

markers and mutation screening techniques. 

Combination of these technologies made 

mutation breeding more effective and 

influential (22). 

 

We can categorize mutagenesis in following 

ways: In induced mutagenesis radiations and 

chemical mutagens have been applied for its 

occurrence. Mutation induction is another 

way to say induced mutagenesis. Insertion 

mutagenesis is that in which DNA 

introduction has been done by various 

methods for example through the help of T-

DNA and through stimulus in transposons 

particles. Site detected mutagenesis is a sort 

of mutagenesis in which mutation has been 

generated at a circumscribed location of a 

DNA. This mutagenesis can be attained by 

installing a strain of T-DNA as a substitution 

of wild type DNA sequence (23) (Fig. 9). 

 

Kinds of mutagen and their brief 

description 

 

Chemical mutagens 

 

Alkylating agents are mutagens which count 

among most effective chemical mutagens. 

They are easy to handle. EMS, MMU, MMS, 

diepoxybutaneetic are some of the examples 

of alkylating agents. Sodium azides are 

second most commonly used chemical 

mutagen after alkylating agents. Sodium 

azides are proved to be very useful in crops 

like maize, rice, soybean etc. (19). 

 

Physical mutagens 

 

Physical mutagens include non-ionizing and 

ionizing radiations which comprise various 

types of radiations for example; X- rays, 

gamma rays, alpha and beta particles, protons, 

neutrons, atomic radiations, UV light etc. X 

rays are produced by electrons and its 

wavelength is 0.001 to 10 nm. X-rays are 

produced by striking of electrons with targets 

like tungsten, gold etc. Gamma rays are 

produced by nucleus of an atom and they 

have more energy than X-rays. Cobalt 60 and 

Caesium 137 are commonly used for 

production of gamma rays. UV light 

categorize under non ionizing radiation. It is 

especially helpful in inducing mutations in 

pollen grains and tissue cultures. UV 

radiations are sub divided into three 

categories on the basis of their wavelength. 

UVA, UVB, UVC and their wavelength 

ranges are 320-390 nm, 280-320 nm, 280 nm 

respectively. Beta particles are also effective 

in causing mutations. Beta particles have 



Int.J.Curr.Microbiol.App.Sci (2019) 8(5): 1068-1096 

1075 

 

weak penetration power as compared to X-

rays and gamma rays. Some sources of beta 

particles are 3H, 32P, 35S etc. Specialty of 

beta particles (generated from sources like 

32P and 35S) is that they can be put directly 

into nuclei of cells. Neutrons are proved to be 

highly productive in induction of mutations in 

plants. They are uncharged particles, energy 

produced by neutrons ranges between (0.003 

eV – 10 MeV). Californium 252 (252 Cf) is 

commonly used for neutrons. Ion beam 

irradiation is highly effective and has 

specialty that it lowers the unnecessary 

damage of tissues (19). 

 

EMS (Ethyl methylsulphonate), EI (Ethylene 

imine), NMU (N-Nitroso-N-methylurea), 

NEU (N-nitro N-ethyl urea    

 

Figure 10 shows different types of chemical 

and physical mutagens we can use in 

mutagenesis (24). 

 

Pie chart as figure 11 shows amount of pulses 

released by different kinds of mutagens and 

we observed that most pulse mutant varieties 

are released by Gamma rays. (24). 

 

Mutagenic dose for treatment of pulses 

 

Roentgen (R) is unit which expresses number 

of ionization that occurs in an experiment like 

mutagenesis. Dose of radiation generally 

indicated as KR or Gy (Gray)  

 

Gy = 100 rad , 1 KR = 10 Gy 

 

Dose which has been absorbed is measure in 

unit rad (radiation absorbed dose) which 

means 1 rad = 100 erg/g = 10^-2 joule/kg. If 

time is included, it symbolizes as rad/hr, 

rad/minute and rad/second. Main factors on 

which chemical mutagen dose depends are: 

concentration of chemical mutagen, duration 

of application and temperature during the 

application. 

EMS dose ranges between (0.01% - 0.8%), is 

use to cause morphological mutations. It has 

been found out that seeds with 12-14% of 

moisture content have comparably higher 

chances of occurrence of mutation when 

treated with radiations. Soaking of seeds with 

water before mutagenic treatment and drying 

of seeds after chemical mutagenesis are quite 

important steps (20). In general it has been 

assumed that application of mutagens which 

are causing 30-40 percent reduction in growth 

expected to give optimum amount of yield 

containing mutants/mutations. When there is 

no data available from trusted sources 

regarding dose of mutagen in any crop then in 

that case LD50 (lethal dose 50) has been 

applied. LD50 is common criteria to decide 

adequate mutagenic dose which can cause an 

effective mutation. LD50 defined as the dose 

which causes 50% death of seeds on which 

mutagen has been used (22).  
 

A brief commentary over strategy and 

procedure of mutagenesis  
 

6000 seeds selected for mutagenic treatment 

and homogeneous parent material would be 

preferred (M0) 

Heterogeneous population needs more 

selections for identification of mutant traits in 

them. 

M1 progeny is grown and prevented from 

outcrossing and harvest the seed of every 

plant carefully. 

M2 population has been grown head to row 

and screen for mutant 

For qualitative traits we can simply select 

mutants from grown M2 plants. 

To get rid of contamination we have to 

identify it first and differentiate from mutants, 

for that M0 plants should be planted at the 

same time with M2 plant. This will help in 

identifying the contamination from mutant 

population. 

Selfing of M2 to produce M3. We have to 

grow M3 for selection and identification of 

quantitative traits. 
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M3 is selfed to produce M4. M4 is grown and 

similar mutants has been selected from it and 

grown in replicated trials. 

In M5 plants, selection of superior mutants 

has been done and grown in preliminary yield 

trial. 

Selected mutant plants are further grown in 

multi-location yield trials. 

After growing 2-3 years in multi-location 

yield trials, a new variety can be released or 

they can be used in researches and breeding 

programs for production of hybrids (19)(20). 

 

Table 8 shows different types of pulses and 

mutagenic doses required for them to induce 

effective amount of mutation (23). 

 

Effect of Gamma rays and EMS doses on 

Chickpea 

 

Table 9 shows effect of different doses of 

Gamma rays and EMS on germination, height 

and survivability of chickpea compared with 

non-treated Chickpea. In the above table we 

can see as rise in dose amount of mutagen on 

Chickpea leads to decrease in germination, 

seedling height and survivability. Data of 

seedling height has been observed on 15
th

 day 

and data for survivability has been observed 

on 30
th

 day (25). 

 

Few examples of Chickpea mutants 

 

There are few mutant varieties like Pusa-408 

(Ajay), Pusa-413 (Atul), Pusa-417 (Girnar) 

and Pusa-547. These mutant varieties were 

grown at Indian agriculture research institute 

(I.A.R.I), New Delhi. These varieties are high 

yield producing and provide resistance against 

Wilt disease in Chickpea. Releasing year of 

Pusa-547 was 2006 and it has good looking 

eye-catching seeds, finer cooking quality, 

high yield producing ability in late sown 

circumstances of North-Western part of India 

(25), (26), (27). 

 

Techniques to recognize mutants and genes 

responsible for it 
 

Figure 12 is describing brief procedure of 

TILLING screening technique to find out 

mutants (27) 
 

TILLING procedure includes following steps 

like mutagenesis of plant material with EMS. 

EMS has high potential to create mutation. It 

is commonly used for TILLING. EMS cause 

mutation in high frequency, all over the 

genome and also keeps it safe from much 

undesirable damage to DNA. M1 plants are 

self-crossed to produce M2 progeny, which 

are used for extracting DNA samples for 

evaluation to find mutation. The samples of 

DNA are bulked and assembled on 

microplates. Then amplification of desired 

DNA fragment has been done through PCR 

technique. Then application of celery 

endonuclease has been done on PCR 

products, Celery endonuclease cut 3’ sides of 

ill matched sequences in heteroduplex. 

Cleaved nucleotide sequences are 

electrophoresed and analyzed on LI-COR gel 

analyzer (28) (Table 10). 
 

HRM was introduced in 2002 and it is the 

first technique which works on post PCR 

products for detection of variations in genes. 

The principle on which it works is deviation 

in curve of mutant sample from wild type 

DNA sample during the process of DNA 

denaturation. Main steps involved in HRM 

are given below: 
 

EMS application on sample (seeds, pollens 

etc). 

Drawing out DNA from sample by DNA 

extraction technique. 

Amplification of desired segment by PCR and 

primers used should be labeled with 

florescent dyes like Eva green and Resolight 

HRM dye. 

Melting of DNA segments. 

DNA analyses. 
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HRM technique can be operated right after 

PCRwithout having electrophoresis of PCR 

amplicons and we don’t even need to change 

the container in which reaction happening. 

HRM procedure includes PCR operation 

which is done in prescience of florescent dye. 

That binds with DNA strands. Dye’s 

fluorescent is visible in bound and unbound 

state of DNA. It emits high intensity of 

fluorescence when in bound state 

comparatively.  

 

As incensement in temperature happens 

simultaneously changes in fluorescence 

occurs due to DNA melting. This whole 

process has been seen with the help of 

temperature melting curve. Difference 

between curves denotes that how much 

degree the fluorescence of mutant sample 

differs from fluorescence of non-mutant 

sample. Even minor difference of 0.05 

between fluorescence of two samples 

considered as significant (28).  

 

Table 9 shows advantages and disadvantages 

of different mutation detection techniques and 

compare them (28). Table 10 shows different 

species and mutagen applied on it to induce 

mutation. It also shows different techniques 

(28). 

 

 

 

Plants and their traits 

 

Pulses varieties released through mutation 

breeding in India 
 

Chickpea 
 

Table 11 Chickpea varieties released with the 

help of mutation breeding in India (97). 
 

Cowpea 
 

Table 12 shows Cowpea varieties released by 

mutation breeding technique in India (97). 
 

Mung Bean  
 

Table 13 Mutant varieties of Mung bean (97). 
 

Lentil 
 

Table 14 shows mutant varieties of Lentil 

released in India (97). 
 

Pigeon pea 
 

Table 15 shows mutant varieties of Pigeon 

pea released in India (97). 
 

Black gram 
 

Table 16 shows mutant varieties of Black 

gram (97). 

 

Table.1 NFHS (National family health survey), BMI (Body mass index) 

 

(Adults) 15-49 year 

old 

NFHS-3 

(2005-06) 

NFHS-2 

(1998-99) 

BMI below normal 

(Female) 

33% 36.20% 

BMI below normal 

(Male) 

28.10%   

Obese (Female) 14.80% 10.60% 

Obese (Male) 12.10%   
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Table.2 The data of whole India and its two main regions 

 

(ADULTS) 15-49 

year old 

NFHS-4 

(2015-16) 

(in %) 

Whole 

India 

BMI below normal 

(female) 

22.9 

BMI below normal 

(male) 

20.2 

Obese (Female) 20.6 

Obese (male) 18.9 

BMI below normal 

(female) 

25.3 Utter 

Pradesh 

(UP) BMI below normal 

(male) 

25.9 

Obese (Female) 16.5 

Obese (male) 12.5 

BMI below normal 

(female) 

14.9 Delhi 

BMI below normal 

(male) 

17.7 

Obese (Female) 33.5 

Obese (male) 24.6 

 

Table.3 Percent of adults (age groups 15-65 and 65+) with respect to their BMI in Mumbai (11) 

 

Age Groups  

(15-65 and 65<) 

BMI (Body Mass Index) 

Sex <15 15-

16 

16-

18.5 

18.5-

25 

25-

30 

30-

35 

35-

40 

40< 

Female 

population(%) 

2.57 2.17 8.82 43.5 22.86 11.56 4.23 4.29 

Male 

population(%) 

3.59 2.4 11.35 54.52 17.28 6.32 2.01 2.53 
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Table.4 Categorization of different BMIs in different classes of malnutrition and obesity (12) 

 

BMI(Body 

Mass 

Index) 

Categorization 

<16 extreme malnutrition 

16–16.99 Medium malnutrition 

17–18.49 lightly malnourished 

18.5–24.9 Normal 

25–29.9 Overly weight 

30–34.9 First class of obesity 

35–39.9 Second class of obesity 

≥40 Third class of obesity 

 

 

Fig.1 Percent of male and female population of mumbai 

 

 
 

Fig.2 shows protein content (in g/100g) in different types of pulses and soybean 
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Fig.3 Carbohydrates in pulses (g/100g) (13) 

 

 
 

 

Fig.4 shows amount of different types vitamins found in different pulses. Rajmah (kidney bean) 

has highest amount of Vitamin C (13) 

 

 
 

Table.5 shows amount of different types of minerals present in different pulses.(13) 

 
  Iron Zinc Calcium Magnesium Potassium Sodium 

PULSES (In Miligrams/100g dry weight) 

Chickpea 6.2 3.4 105 115 875 24 

Pigeonpea 5.2 2.7 130 183 1392 17 

Urdbean 8.4 3.5 110 - - - 

Mungbean 6.7 2.7 132 189 1246 15 

Lentil 7.5 4.7 56 122 955 6 

Fieldpea 4.4 3 55 115 981 15 

Rajmah 3.4 1.9 186 188 1316 18 

Cowpea 7.54 3.77 80.3 250 1450 23 

Horse 

Gram 

7 - 287 - - - 

Mothbean 9.6   202       
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Fig.5 shows energy (Kcal/100g) in different types of pulses (13)   

 

 
 

Fig.6 shows percent of dietary fiber present in different types of pulses (13). 

 

 
 

Fig.7 shows yields of different types of pulses (in kg/ha) in India (2004-05 to 2013-14) (17) 
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Table.6 shows import percent of pulse over production and its supply, demand, availability (in 

million tons) in India (1980-81 to 2015-16). (13), (18) 
 

Year Import

s as % 

of 

Supply Demand Availability 

product

ion 

(In MT) 

 

(in MT) 

 

(Million 

tonnes) 

1980–81 1.63  -  - - 

1985–86 3.22  -  - - 

1990–91 6.25  -  - - 

1995–96 2.86  -  - - 

2000–01 3.17  -  - - 

2005–06 12.7  -  - - 

2006-07   -  - 16.46 

2007-08 -  14.76 16.77 17.59 

2008-09 -  14.57 17.51 17.05 

2009-10 -  14.66 18.29 16.51 

2010–11 14.79 18.24 19.08 20.93 

2011–12 19.69 17.09 19.91 20.45 

2012–13 20.93 18.34  - 22.18 

2013–14 18.93  -  - - 

2014–15 26.73  -  - - 

2015–16* 31.78  -  - - 

(*Second advance estimates, *for the period April 2015 to February 2016) 

 

Fig.8 Availability of pulses per person per day (in grams) from 1991 to 2018 in India  

 
 

Fig.9 Pie chart shows number of different varieties of pulses released by mutagenesis (24) 
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Fig.10 shows different types of chemical and physical mutagens we can use in mutagenesis 

 

 

 
EMS (Ethyl methylsulphonate), EI (Ethylene imine), NMU (N-Nitroso-N-methylurea), NEU (N-nitro N-ethyl urea 

 

Fig.11 Pie chart shows amount of pulses released by different kinds of mutagens  
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Table.7 Different types of pulses and mutagenic doses required for them to induce effective 

amount of mutation (23) 
 

Mutagen Plants Plant Material Used Concentration (mM) Dose (GR50) (Gy range) 

 MNU Lathyrus Presoaked seed (12h) 0.5-1.4   

Lentil seeds 0.49-3.88   

ENU Common bean seeda 1.5-6.2   

EMS Soybean Embryo genic culture 1-30.00   

Soybean seeds 18   

Common bean seeds 6.2-25   

Sodium 

Azide 

Common bean seeds 0.04,0.12,0.36,1.08 (mM)   

PisumSativum seeds 2mM   

Fast 

Neutrons 

Peanut     18-28 

Pigeon pea     25-35 

Chickpea     28-45 

Lentil     9 to 14 

Common bean     10 to 14 

Mung bean     50-70 

Cowpea     25-45 

Soybean     20-40 

(GR50 = 50% growth reduction, Gy = Gray, mM = MilliMolar) 

 

Table.8 Effect of different doses of Gamma rays and EMS on germination, height and 

survivability of chickpea compared with non-treated Chickpea 
 

Mutagen Treatment Germination 

(%) 

Seedling 

height (cm) 

Survivability 

(%) 

Control   98 12.03 96 

Gamma 

rays 

40 Kr 50 9.32 49 

50 kR 44 9.3 40 

60 Kr 36 6.76 35 

Ethyl 

methane 

sulphonate 

30 mM 48 11.31 48 

40 Mm 38 8.78 36 

50mM 28 8.06 27 

 

Fig.12 Brief procedure of TILLING screening technique to find out mutants.(27) 
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Table.9 Different methods of spotting mutation and their advantages and disadvantages 

 
Technique Advantage Drawbacks References 

TILLING- 

CEL I 

 

 

(1) Responsiveness is high 

(2) High rate of processing and high 

throughput. 

(3) Population which has been 

developed for TILLING can play 

quality role in field of research and 

teaching 

(4) This technique is appropriate for 

those organisms which have multiple 

numbers of chromosomes (polyploidy) 

because frequency of occurring 

mutation is high in them. 

(1) Expensive, consumes high cost, 

time-dependent and this screening 

technique relies on the use of enzymes. 

(2) It requires multi-dimensional 

pooling for detection of variants. 

(3) Truncated mutations are only 5% in 

this population, which is treated with 

EMS for generating mutations. 

(29), (30), 

(31), (32), 

(33), (34), 

(35), (36) 

TILLING-

HRM 

(1) In this screening system there is no 

need of any enzyme. 

(2) High rate of processing and high 

throughput. 

(3) Comparably cost-effective, saves 

time, cheaper and faster. 

(1) This technique is highly lean on 

good PCR apparatus and type of dye 

has been used. 

(2) For detection of mutants it needs 

multi-dimensional pooling of DNA. 

(3) Insertion and deletion mutations in 

small amount are hard to spot by this 

technique compared to substitution 

mutations which are easy to identify. 

(4) This technique works properly on 

amplicons less than 450 base pair long. 

(37), (38), 

(39), (40), 

(41), (42), 

(43), (44) 

TILLING-

NGS 

(1) There is no need of enzymes in the 

process of this screening technique. 

(2) Rate of processing is high and high 

throughput technique. 

(3) Faster technique which saves a lot 

of time. 

(4) It sequences the target DNA 

segment, moreover spot mutation on it. 

(5) More coherently works on 

polyploids. 

(6) With the help of this technique 

mutations can be spotted in pools 

which are deeper than 8 individuals. 

 

(1) A major disadvantage of this 

technique is that it consumes high cost. 

(2) Requires multi-dimensional 

pooling to work properly. 

(3)During sequencing of the DNA 

segment rate of erroneous 

reorganization of DNA bases is very 

high, which leads to millions of errors 

and flaws in sequencing, which are 

very hard to be rectified. 

(4) Handling, processing and making 

stock of immense quantity of sequence 

data is very hard job. For analyzing 

that data, it requires lot of time and 

outstanding understanding and skills in 

bioinformatics to assemble precise 

information from sequence data. 

(45), (46), 

(47), (48), 

(49) 

NGS (Next-generation sequencing), TILLING (Targeting induced local lesions in genomes), HRM (High-resolution melting). 
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Table.10 Different types of mutation detection techniques and their application on different crop 

plants, model 

 
Species (With 

their ploidy level) 

Muta

gen 

Mutation detection technology Traits References 

Arabidopsis (2×) EMS dHPLC, LI-COR –  (50),(51),(30),(52) 

Maize (2×) EMS LI-COR Chromomethylase  (53), (54) 

Rice (2×) EMS LI-COR LI-COR CEL-I, Agarose gel –  (55), (56), (57) 

Rice (2×) EMS TILLING –  (58) 

Rice (2×) EMS TILLING by sequencing Metabolism of Phytic acid  (59) 

Barley (2×) EMS dHPLC Control of floral organ  (60) 

Barley (2×) EMS LI-COR Morphologically row type and immune 

against fungus 

(61) 

Barley (2×) NaN3 TILLMore CEL-I. Agarose gel Metabolism of starch  (62), (63), (64) 

Wheat (6×) EMS TILLING-HRM A resistance gene (TaMlo gene) against 

powdery mildew disease 

 (65) 

Wheat (6×) EMS TILLING by sequencing –  (66) 

Wheat (6×) EMS LI-COR PAGE, LI-COR CEL-I, 

Agarose gel 

Quality of starch and hardness in grain (67),(68),(69),(70), 

(71) 

Wheat (6×) EMS LI-COR, HRM LI-COR quality of starch and its biosynthesis (72), (73)  

Wheat (6×) EMS Agarose gel, PAGE Development of spikes on plant  (74) 

Wheat (6×) EMS Direct sequencing Rigidity in grain  (75) 

Wheat (4×) EMS PAGE-LI-COR Quality of starch  (67), (68), (69) 

Wheat (4×) EMS TILLING-HRM Metabolism of starch  (76), (77) 

Wheat (4×) EMS CEL I, agarose gel, dHPLC Metabolism of carotenoid  (78) 

Wheat (2×) EMS CEL-I Quality of grain and synthesis of Lignin  (79) 

Wheat (2×) EMS CEL-I Waxy and lignin  (80) 

Sorghum (2×) EMS LI-COR Digestibility of Sorghum fodder  (81) 

Sorghum (2×) EMS TILLING by sequencing (ComSeq) –  (82) 

Soybean (4×) EMS LI-COR –  (83), (84) 

Brassica rapa 

(2×) 

EMS LI-COR –  (85) 

Brassica rapa 

(2×) 

EMS LI-COR DNA methylation  (86) 

Brassica oleracea 

(2×) 

EMS LI-COR Synthesis of wax and dwarf in build  (87) 

Brassica napus 

(canola) (4×) 

EMS LI-COR - NGS Spotting of mutation in desired gene  (34) 

Sunflower (2×) EMS LI-COR Synthesis of fatty acids and resistance 

against downy mildew 

 (88) 

Tomato (2×) EMS CE, HRM Synthesis of Proline  (40) 

Tomato (2×) EMS TILLING Ascorbate biosynthesis  (89) 

Tomato (2×) EMS TILLING Fruit set mechanisms  (90) 

Tomato (2×) EMS LI-COR Lycopene synthesis  (91) 

Peanut (4×) EMS LI-COR Seed quality  (92) 

Peanut (4×) EMS TILLING by sequencing Stress resistance  (93) 

Pea (2×) EMS LI-COR Gibberellin metabolism  (94) 

Tobacco (2×) EMS TILLING by sequencing Leaf yield  (95) 

Flax EMS LI-COR - (96) 

EMS ethyl methanesulfonate, TILLING targeting induced local lesions in genomes, dHPLC denaturing high performance liquid 

chromatography, HRM high-resolution melting, NGS next generation sequencing 
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Table.11 Chickpea varieties released with the help of mutation breeding in India (97) 

 
Variety 

ID 

Variety 

Name 

Country Registration 

Year 

Character 

Improvement 

Details In Brief 

390 Kiran India 1984 This mutant 

variety has erect 

plant type with 

high in pods 

number and 

shows salinity 

tolerance, 

moreover, it 

gives high yield 

and matures 

early. 

393 Pusa 

408 

(Ajay) 

India 1985 This mutant 

variety has semi 

erect type plant 

and matures in 

140-155 days 

and it shows 

resistance 

against blight 

disease as well 

3367 BGM 

547 

India 2005 This mutant 

variety shows 

medium level of 

resistance 

against disease 

like wilting, root 

rot and stunting. 

It provides high 

yield with good 

grain size and 

eye catching 

golden brown 

color. 

3354 Pusa 

547 

India 2006 This mutant 

variety shows 

tolerance 

against wilt, 

stunt virus and 

root rot. It gives 

good cooking 

quality as well. 

 

Table.12 Cowpea varieties released by mutation  breeding technique in India (97) 

 
Variety ID Variety Name Country Registration Year Character Improvement Details In 

Brief 

2933 Gujarat cowpea-1 India 1984   

1574 Cowpea-88 India 1990 This mutant variety has high grain 
yield as well as high green forage 

yield, in addition to that it shows 

resistance against  YMV 

2874 COCP 702  (=CoVu 702 & 

CO(CP) 7) 

India 2002 Gives good quality with high yield 

as well. 

2771 TRC77-4 (Kalleshwari) India 2007   

 



Int.J.Curr.Microbiol.App.Sci (2019) 8(5): 1068-1096 

1088 

 

Table.13 Mutant varieties of Mung bean (97) 

 

Variety 

ID 

Variety 

Name 
Country 

Registration 

Year 

Character 

Improvement 

Details In Brief 

2303 
TARM-

18 
India 1996 

Capable to provide 

high yield and 

resistance against 

disease of 

powdery mildew  

2304 TARM-1 India 1997 

capable in 

providing high 

yield and 

resistance against 

powdery mildew 

disease and 

medium maturing 

variety  

2934 TMB-37 India 2005   

2935 TM-96-2 India 2007   

2936 TJM-3 India 2007 

This variety 

matures early and 

have large seeds 

and shows 

resistance against 

several diseases 

like YMV, 

Rhizoctonia root 

rot and powdery 

mildew.  

3337 
TM 

2000-2 
India 2010 

Shows resistance 

against powdery 

mildew disease. 

 

 

Table.14 shows mutant varieties of Lentil released in India (97) 

 

Variety 

ID 

Variety Name Country Registration 

year 

Character 

Improvement  

389 S-256 (Ranjan) India 1981 High yeild 

2352 RajendraMasoor 

1 

India 1996 This mutant 

variety is 

capable to 

mature early 

moreover it 

shows 

tolerance 

against cold 
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Table.15 Mutant varieties of Pigeon pea released in India (97) 

 
Mutant ID Variety Name Country Registration Year Character Improvement Details In Brief 

392 Co 5 India 1984 This mutant variety matures early and 

insensitive against photoperiod and shows 

tolerance against drought conditions. 

398 TAT 5 India 1984 This mutant variety matures in short 

period of 140 days and shows 50% 

incensement in size 

399 TAT 10 India 1984 This variety matures within short span of 

115-120 days 

3334 TT-401 India 2007 This mutant variety shows resistance 

against insects like pod borer and pod fly. 

3336 TJT-501 India 2009 This mutant variety shows tolerance 

against phytopthora blight disease, 

moreover it provides high yield as well as 

early maturity 

 

 

Table.16 Mutant varieties of Black gram (97) 

 

Mutant 

ID 

Variety 

Name 
Country 

Registration 

Year 

Character 

Improvement Details 

In Brief 

402 TPU-4 India 1992 

Yield is high in this 

variety and gives 

high weighted seeds 

2300 TAU-2 India 1992 bigger sized seeds 

2856 
Vamban 

2 
India 1997 

This variety gives 

high yield and 

matures early, 

moreover it shows 

resistance against 

powdery mildew  

2301 
TU-94-

2 
India 1999 

This mutant variety 

shows resistance 

against YMV and 

gives high yield 

2841 DU-1  India 2007 

This mutant variety 

shows resistance 

against insects and 

gives high yield 

 

Conclusion and Future expectations of this 

study are as follows: 

 

Population is increasing day by day and new 

challenges appearing in front of world to 

fulfill their demand of food. Supply and 

production of food is not enough to provide 

proper well-nourished food to every 

individual. Protein is one of the macronutrient 

which is very essential in our diets for our 

physical and mental development. Pulses are 

one of the chief source of vegetarian protein 

and very important constituent of balanced 

vegetarian diet. Area for pulse production is 

limited and can be increased up to a limit but 

we can develop those techniques which will 

be quite effective in achieving optimum yield 

as well as efficient in producing that much 

quantity and quality of yield enough to break 

all previous records. Mutation breeding is one 
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of that kind of technique which keeps enough 

potential to break all previous records in pulse 

production. Many aspects of mutation 

breeding are still undiscovered. Rate of 

development in this technique shows that 

soon scientists will able to develop technique 

which will give us full control over genetic 

material and its manipulation according to our 

need. Keeping all the relevant fact of the 

contemporary problem in view, it is 

indispensable not only to amplify pulse 

production, but also to increase the quality of 

pulses. Therefore, it is recommended to adopt 

the advance scientific technology as well as 

research approaches for pulse improvement 

by applying innovative techniques, 

specifically mutation breeding techniques for 

crop improvement (98). 
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