
 

~ 837 ~ 

International Journal of Chemical Studies 2019; 7(1): 837-841

 
 
 
 
 
 
 
 
 
 
 
P-ISSN: 2349–8528 
E-ISSN: 2321–4902 

IJCS 2019; 7(1): 837-841 

© 2019 IJCS 

Received: 01-11-2018 

Accepted: 05-12-2018 

 
Kuldeep Pandey 

ICAR-Indian Agricultural 

Research Institute, New Delhi, 

India 

 

Ravindra Dangi 

ICAR-Indian Agricultural 

Research Institute, New Delhi, 

India 

 

Uma Prajapati 

ICAR-Indian Agricultural 

Research Institute, New Delhi, 

India 

 

Sunil Kumar 

ICAR-Indian Agricultural 

Research Institute, New Delhi, 

India 

 

Naveen Kumar Maurya 

ICAR-Indian Agricultural 

Research Institute, New Delhi, 

India 

 

Abhay Vikram Singh 

ICAR-Indian Agricultural 

Research Institute, New Delhi, 

India 

 

Ankit Kumar Pandey 

Bihar Agricultural University, 

Sabour, Bhagalpur, Bihar, India 

 

Jagveer Singh 

Punjab Agricultural University, 

Ludhiana, Punjab, India 

 

Rajni Rajan 

Bihar Agricultural University, 

Sabour, Bhagalpur, Bihar, India 

 

 

 

 

 

 

 

 

 

 

 

Correspondence 

Ravindra Dangi 

ICAR-Indian Agricultural 

Research Institute, New Delhi, 

India 

 

 

 

 

 

 

 

 

 

 

 

 

Advance breeding and biotechnological 

approaches for crop improvement: A review 

 
Kuldeep Pandey, Ravindra Dangi, Uma Prajapati, Sunil Kumar, Naveen 

Kumar Maurya, Abhay Vikram Singh, Ankit Kumar Pandey, Jagveer 

Singh and Rajni Rajan 

 
Abstract 

In this changing climate scenario, rapid increase of human population resulted in increased demand of 

food production. During the last century crop plants have been improved through classical breeding 

techniques and numerous varieties of several crops have been developed across the world. However 

conventional breeding in improving crop plants is constrained due to genetic erosion, genetic drag, 

reproductive obstacles and usually take longer time. Thus, there is an urgent need for the novel breeding 

and biotechnology-assisted crop improvement, which ultimately aimed to obtain novel plant traits. Many 

novel techniques such as marker assisted selection, marker assisted back cross breeding, marker assisted 

gene pyramiding plays crucial role in improvement of crop plants. Advancement in plant genetic 

engineering (genetic transformation and genome editing) have made it possible to transfer gene into crop 

plants from unrelated plants and even from non-plant organism. These biotechnological approaches are a 

great option to improve crop plants with significant commercial properties such as increased biotic stress 

resistant or abiotic stress tolerances; nutrition; yield and quality. 
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1. Introduction 

In this changing climate scenario, rapid increase of human population resulted in increased 

demand of food production. The current world population of 7.3 billion is expected to reach 

9.7 billion in 2050. “FAO estimates that we have to double food production by 2050 to feed 

the expected 9 billion people, knowing that one billion people are already going to bed hungry 

every day." (Rijsberman 2012) [34]. Plant breeding will play very important role in this 

coordinated effort for increased food production. Given the context of current yield trends, 

predicted population growth and pressure on the environment, traits relating to yield stability 

and sustainability should be a major focus of plant breeding efforts. These traits include 

durable disease resistance, abiotic stress tolerance and nutrient and water-use efficiency 

(Mackill et al. 1999 and Trethowan et al. 2005) [20, 43]. Despite optimism about continued yield 

improvement from conventional breeding, new technologies such as biotechnology will be 

needed to maximize the probability of success (Huang et al. 2002) [10]. Development of 

molecular (DNA) markers has created a powerful and practicable tool to perform gene 

selection in plant breeding, although it is not a real gene selection but the best indirect 

selection for target genes at the DNA level. By using DNA markers to assist in plant breeding, 

efficiency and precision could be greatly increased. The use of DNA markers in plant breeding 

is called marker-assisted selection (MAS). Many novel techniques such as marker assisted 

selection, marker assisted back cross breeding, marker assisted gene pyramiding plays crucial 

role in improvement of crop plants. Advancement in plant genetic engineering (genetic 

transformation and genome editing) have made it possible to transfer gene into crop plants 

from unrelated plants and even from non-plant organism. These biotechnological approaches 

are a great option to improve crop plants with significant commercial properties such as 

increased biotic stress resistant or abiotic stress tolerances; nutrition; yield and quality. 

 

2. Molecular marker -assisted breeding or Molecular-assisted breeding  

Molecular-assisted breeding (MAB), is the use of molecular technologies (particularly DNA 

markers) with linkage maps and genomics approaches, to edit and improve trait of interest on 

the basis of genotypic analyses (Jiang 2013) [11].  
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Molecular-assisted breeding describes various novel breeding 

approaches, comprising marker-assisted selection (MAS), 

marker-assisted backcrossing (MABC), marker-assisted 

recurrent selection (MARS), and genomic selection (GS) 

(Ribaut 2010) [32]. This is considered as a novel approach and 

a potential methodology to improve genetic make-up of 

plants. Moreover, it has been applied extensively in many 

crop plants including horticultural crops. 

 

2.1 Marker-assisted selection (MAS) 

Marker-assisted selection or marker aided selection (MAS) is 

an indirect method of selection whereby a phenotype is 

selected based on a marker (morphological, biochemical or 

DNA/RNA variation) associated to a trait of interest (e.g. 

productivity, disease resistance, abiotic stress tolerance, and 

quality), instead of the trait itself the genotype of a marker 

(Rosyara 2006) [35].  

 

2.2 Marker-assisted or marker-based backcrossing 

(MABC) 

Marker -assisted backcrossing (MABC) is considered as the 

easiest form of marker-assisted selection, intends to transfer 

targeted genes/QTLs from a genetic source (donor parent) 

into a superior variety or elite breeding line (recurrent parent) 

to improve the trait of interest and the backcrossing totally 

based on the markers lined to gene or QTL of interest rather 

than phenotypic performance of trait of interest. Moreover, It 

is an important and advantageous approach when phenotyping 

is difficult, heritability of trait of interest is low, the 

expression of trait in later stages of growth and development 

of plants (such as flowers, fruits, and seeds), the traits are 

governed by genes that need a particular condition to express, 

the traits are governed by recessive genes, and gene 

pyramiding is required for the traits (Jiang 2013) [11]. It has 

been practised in various kind of traits i.e. disease and pest 

resistance, drought tolerance and quality related traits in many 

crop species like rice, wheat, maize, barley, pear millet, 

soybean, tomato, etc. (Collard et al. 2005 and Dwivedi et al. 

2007) [6, 8]. 

 

2.3 Marker -assisted gene pyramiding  

Marker-assisted gene pyramiding has been aimed and used to 

improve resistance against diseases and pests by targeting two 

or more genes simultaneously (Jiang 2013) [11]. For instance, 

gene pyramids has been developed in paddy against bacterial 

blight and blast (Singh et al. 2011) (Luo and Yin 2013) [19]. 

Similarly, in barley successful pyramiding of qualitative gene 

and QTLs for resistance to stripe rust also reported (Castro et 

al. 2003) [3]. In this case molecular markers which linked to 

genes or OTLs of interest has great importance and allows 

precise selection of targeted traits at initial stage of plant 

growth and developments. Furthermore, it is a potential 

approach to improve quantitatively inherited characters in 

plants and pyramiding of multiple genes or QTLs (Richardson 

et al. 2006) [33]. The pyramiding of multiple QTL and their 

cumulative effect has been reported in many crop plants such 

as wheat, barley, and soybean (Li et al. 2010 and Wang et al. 

2015) [17, 37]. 

 

2.4 Marker-assisted recurrent selection (MARS) 

Pyramiding of genes or QTLs with the help of molecular 

markers is more cumbersome and less practised while, the 

recurrent selection is considered as competent approach for 

the improvement of quantitative traits. Moreover, the 

selection’s effectivity and efficiency are unsatisfactory some 

times because phenotypic selection is purely based on 

environments whereas, the genotypic selection is a tedious 

and time-consuming job (One selection cycle need at least 2-3 

cropping season). Marker -assisted recurrent selection is a 

strategy which appropriates genotypic selection and 

intermating in the same cropping season for one cycle of 

selection. Consequently, it could enhance the efficiency of 

recurrent selection and accelerate the progress of the 

procedure. It is especially useful in introgression of multiple 

targeted genes or QTLs from various sources through 

recurrent selection based on a multiple-parental population 
[18].  

 

2.5 Genomic selection (GS) or genome -wide selection 

(GWS) 

Genomic selection is a kind of marker-based selection, 

concerning to the simultaneous selection for a large numbers 

of markers, which deals the complete genome in a dense way 

so that all genes are assumed to be in linkage disequilibrium 

with at least few of the markers (Meuwissen 2007) [23]. In this 

method genotypic data of the entire genome are applied to 

predict complicated traits precisely to grant the selection on 

the prediction only. Selection of desirable plants is totally 

based on genomic estimated breeding value (GEBV) (Nakaya 

and Isobe 2012) [25]. GEBV is a predicted breeding value 

estimated by using genome wide dense DNA markers. In 

addition to that genomic selection can avoid the requirement 

to search the significant QTL-marker loci correlations 

individually (Desta and Ortiz 2014). In the other terms, in the 

genomic selection, QTL mapping with populations which 

obtained from particular crosses can be skipped whereas it is a 

need to formulate GS models which is the formulae for 

genomic estimated breeding value prediction. In this 

statistical approaches are first used to predict significant 

correlation between genotypes and phenotypes by the 

investigation of phenotypes and genotypes in the training 

populations (a subset of a population). Afterward, genomic 

estimated breeding values are in the action to select desirable 

individuals in the breeding process, rather than the genotypes 

of markers practised in marker-assisted selection (Jiang 2013) 
[11].  

 

3. Genetic Transformation 

Plant genetic engineering has opened new avenues to modify 

crops, and provided new solutions to solve specific needs 

(Rao et al. 2009) [31]. Contrary to conventional plant breeding, 

this technology can integrate foreign DNA into different plant 

cells to produce transgenic plants with new desirable traits 

(Newell 2000) [27]. These biotechnological approaches are a 

great option to improve crop genotypes with significant 

commercial properties such as increased biotic (resistance to 

disease of virus, fungi, pests and bacteria) (Fagoaga et al. 

2007) [9] or abiotic (temperature, salinity, light, drought) stress 

tolerances; nutrition; yield and quality (delayed fruit ripening 

and longer shelf life) and to use as bioreactor to produce 

proteins, edible vaccines and biodegradable plastics 

(Khandelwal et al. 2011) [4]. Currently, public concerns and 

reduced market acceptance of transgenic crops have promoted 

the development of alternative marker free system technology 

as a research priority, to avoid the use of genes without any 

purpose after the transformation protocol as selectable and 

reporter marker genes. Typically, it is employed for the 

selection strategy that confers resistance to antibiotics and to 

herbicides.  
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3.1 Transgenic 

Genetically engineered organisms are referred as transgenic. 

In other words, a genotype developed by the process of 

genetic engineering is called transgenic. It may be a plant, an 

animal or microbes such as fungi, bacteria and viruses. 

Transgenic plants are obtained involving tissue culture and 

genetic engineering techniques. 

 

3.2 Cisgenics: Other relevant advance in genetic 

transformation was the proposal made by (Schouten et al. 

2006), the “cisgenesis”. This term means the use of 

recombinant DNA technology to introduce genes from 

crossable donors plants, isolated from within the existing 

genome or sexually compatible relative species for centuries 

therefore, unlikely to alter the gene pool of the recipient 

species. Cisgenesis includes all the genetic events of the T-

DNA as introns, flanking regions, promoters, and terminators. 

Cisgenesis is one of the new plant breeding technologies 

emerging as a promising tool for the future, more publicly 

accepted than the traditional transgenic approach. 

 

4. Genome editing 

The most forward-looking crop genome modification 

technology is genome editing. Genome editing is a mighty 

technology developed for precisely and site-specifically 

addition, modification or deletion of gene of interest from 

genome. Genome editing is utilized in improvement of basic 

understanding of gene functions of plants. Genome editing 

comprises ZFNs (zinc-finger nucleases), TALENs 

(transcription activator-like effector nucleases), and 

CRISPR/Cas (clustered regularly interspersed short 

palindromic repeats) systems. It is also applied for the 

improvement in important traits of crop plants. For example, 

ZFN system was exploited for the precisely and site-

specifically insertion of a transgene expression cassette in 

order to develop the herbicide tolerance corn (Shukla et al. 

2009). In spite of that, aromatic rice developed via TALEN 

(Shan et al. 2015) [28] a powdery mildew resistant wheat also 

developed via the CRISPR/Cas system (Shan et al. 2014) [27]. 

Though the these genome editing technologies can be used for 

elimination of the undesirable genetic sequences from plant 

genomes, a most recent genome editing system called “piggy 

Bac” might be the best choice (Nishizawa et al. 2015) [28] for 

excising of any undesirable sequences of DNA. In spite of 

everything, the genome editing systems are used, the crop that 

is genome edited is called “subgeneic” (Wang et al. 2014) [37]. 

 

4.1 Zinc Finger Nucleases (ZFNs) 

The science of Zinc Finger Nucleases was began in Johns 

Hopkins University when the scientist were trying to 

construct a new restriction enzyme (Kim et al. 1996) [15]. 

They were working on FokI (a type IIS restriction enzymes) 

which distinguish specific sequences of DNA and cleave 

thousands of base pair 5–3 downstream of the recognition 

site. The aim of the study was to fuse the FokI catalytic 

domain to a protein domain which recognises and binds to 

DNA to change restriction enzyme specificity. Subsequently, 

the scientist selected zinc finger (ZF) proteins as the domain 

of protein to recognize DNA. Zinc finger (ZF) proteins 

generally recognise three nitrogenous bases blocks in single 

sequential order. The pioneer report of ZFNs in plants were 

first studied in model plants like Arabidopsis thaliana and 

Nicotiana tabacum by (Lloyd et al. 2005 and Wright et al. 

2005) respectively. 

 

4.2 Transcription Activator-like Effector Nucleases 

(TALENs) 

The Xanthomonas is a Phyto Phathogenic bacteria, causes 

infection in many crop plants comprising rice, citrus, tomato, 

cole crops, and soybean. At the time of infection, the bacteria 

inoculated in vegetative cells and produce a chain of proteins 

which is known as transcription activator-like effectors 

(TALEs) (Boch and Bonas 2010) [1] (Bogdanove et al. 2010) 

[2] These TALEs proteins binds to a particular promoter’s 

sequences of hosts and imitating transcription factors of them 

(Kay and Bonas 2009) [29]. Moreover, TALEs contains a DNA 

binding domain which generally having 16-20 monomeric 

repeats. The each monomer is highly conserved and contains 

total 34 amino acids. However, the hypervariable amino acid 

residues at 12 and 13 positions are the exception, which are 

called as repeat-variable di-residues (RVDs). Currently, 

molecular biology and bioinformatics analysis have allowed 

the decoding of the TALE code to recognise DNA (Moscou 

and Bogdanove 2009) [24] Each of the RVD recognises a 

specific DNA base; for instance, NI repeats of RVDs bind to 

adenosine, HD to cytosine, NG to thymine, and NN to 

guanine or adenosine (Nakayama et al. 2014). After the 

elucidation of DNA recognition mechanism by TALEs got 

attention instantly for its utilisation in biotechnology 

(Bogdanove et al. 2010) [2] In foremost experiment, The 

TALE binding domain was fuse to the FokI endonuclease 

catalytic domain, which making TALENs. The coalition of 

binding domain for personalised or native DNA sequences 

with FokI caused specific double-stranded DNA break (DSB) 

production (Christian et al 2011) [4]. It have been applied to 

get site-specific modifications in various plant species like A. 

thaliana (Cermak et al. 2011) [4], tobacco (Mahfouz et al. 

2012) [21], and rice to developed heritable, disease-resistant 

lines.  

 

4.3 Clustered Regularly Interspaced Short Palindromic 

Repeats (CRISPR/Cas9) 

The newly discovered CRISPR-Cas9 nuclease is guided by 

short guide RNA that pair via Watson-Crick base pairing with 

its target DNA sequence and it overcomes the challenges of 

previously used nucleases. The ease of cas-9 targeting, 

efficient site specificity and ability for multiple editing made 

the CRISPR-Cas9 system more popular and helped in opening 

a wide range of practical applications in the medical and crop 

improvement research field (Song et al. 2016 and Paul et al. 

2016) [42, 30]. Nowadays CRISPR is being used not only for 

genome editing purposes but also for other gene expression 

regulation and epigenetic modifications. After completion of 

genome editing in the plant transgene (Cas9 or SgRNA) free 

plants can be obtained in next few segregating generations. 

This overcomes the traditional limitations of genetically 

modified crops which suffers much because of the presence of 

transgenes (Patidar et al. 2016) [29].  

 

5. Conclusion  

The breeding or improvement of plants has begun with the 

domestication of the crop plants. The modern breeding of 

crops totally based on the basic principles of inheritance and it 

has become the most prominent element of world agriculture. 

In addition, the traditional breeding approaches are utilising 

successfully in the varietal improvement and germplasm 

conservation of the crops. However, the traditional breeding is 

still based on the rigorous evaluation and selection process.
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Molecular marker-assisted breeding provides great 

opportunities for plant breeder to evaluate germplasm, map 

genes, and characterise complex traits effortlessly. Moreover, 

it permits selection at seedling stage which reduced the 

breeding cycle of the crop and so we can able to breed a 

variety in shorter time period. It also offers to perform 

selection in all the climatic conditions e.g. greenhouse and 

off-season nurseries. The genotyping of plants by using 

molecular markers is quicker, cheaper and precise than the 

traditional phenotyping. Similarly, the trending technology is 

genome editing which is a mighty technology developed for 

precisely and site-specifically addition, modification or 

deletion of gene of interest from genome. These technologies 

are highly effective and efficient in terms of resources, effort 

and time and having great potential to combat and solve the 

high population and hunger questions by the developments of 

crop varieties having higher yield and nutrients potential with 

resistant to diseases and pests. 
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