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ABSTRACT 
 
Marker assisted plant breeding achieved various plant breeding objectives in a cost effective and 
time consuming manner through molecular marker techniques or statistical and bioinformatics tools. 
Molecular markers indicate the differences in the nucleotide sequence of different organs or 
species. Apart from the application of molecular markers in linkage map construction, they are 
suitable for assessing genetic variations within cultivars and germplasm, in genome selection and 
fingerprinting studies. The most engaging fact of molecular markers is in Marker assisted selection 
(MAS). In comparison with traditional breeding, molecular markers have the efficiency to increase 
the effectiveness of breeding programmes. In this study, the applications of molecular markers in 
plant breeding studies are described. 
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1. INTRODUCTION  
 
The main objective of plant breeder in agriculture 
is to improve the existing cultivars which are 
lacking in one or more traits. The improvement 
can be made by crossing these cultivars with 
lines that possess the desired trait. In the 
conventional breeding programme, whole 
genomes are crossed followed by the selection 
of superior recombinants which is a laborious 
and time consuming process because it involves 
several crosses, several generations, careful 
phenotypic selection and the linkage drag (tight 
linkage of the undesired loci with the desired 
loci). These limitations may make it difficult to 
achieve the desired objectives. Advancement in 
DNA marker technology makes it possible to 
overcome many of the problems faced during 
conventional breeding due to development of 
several types of molecular markers and 
molecular breeding strategies. 
 
Molecular markers are used in many steps of a 
plant breeding program, e.g. germplasm 

characterization, parental selection for crossing, 
F2 hybrid confirmation test, in pedigree and 
evolution studies, seed purity test, cultivar 
protection, construction of linkage maps, 
mapping of genes or quantitative trait loci (QTLs) 
and in breeding strategies establishment. These 
markers are mainly independent of 
developmental stages and environmental 
conditions which are useful to map traits 
governed by major genes as well as for QTLs. 
Marker assisted selection (MAS) involves the 
indirect selection of the desired trait through 
genetically associated molecular markers. MAS 
is generally applied in the following situations: 
when direct phenotypic selection is less efficient, 
time consuming or expensive, low heritability of 
the traits, requirement of specific biological or 
environmental conditions for gene expression 
and QTL (for multiple traits or several genes) for 
the same trait are simultaneous or cumulative 
under selection (pyramiding).  
 
The MAS in plant breeding opens up a new era 
to develop improved cultivars or fix transgenes 
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within the cultivars through backcross marker 
assisted method [1-5]. In each backcross 
generation, transgenic individuals are selected 
on the basis of molecular marker or markers 
linked to the transgene, while other polymorphic 
markers of donor and recurrent parents are used 
to eliminate linkage drag or to retrieve recurrent 
parent genome. MAS can be used in any plant 
breeding method to transfer single gene which is 
linked with a reliable marker (e.g.backcross 
marker assisted method) or in indirect selection 
which is more advantageous than the direct 
selection of the trait. Most of the agronomic 
important traits are under quantitative genetic 
control, having low heritability. So MAS 
strategies (e.g.backcross marker assisted 
method) is used to introgress favorable alleles at 
quantitative trait loci in corn [6], common bean 
[7], and in rice [8-10]. For the selection of such 
trait, accurate statistical analysis or well 
established field experiment strategies are 
required to overcome part of environmental 
effects. Additionally, molecular markers linked to 
QTL are mainly used to increase the genetic 
gain. The magnitude of increased genetic gain 
depends on positions and effect of QTLs, the 
stability of QTLs across multiple environments 
and across relevant breeding germplasm [2]. 
  
Nowadays, recent technique, DNA barcode is 
used for the identification of the species by 
isolating a short DNA sequence from a 
standardized region. The major aim associated 
with DNA barcoding is the screening of one or 
more reference genes on large scale in order to 
assign unknown individuals to species and to 
enhance discovery of new species. This principle 
has been applied by biological taxonomists for 
species classification. The first proposed 
applications of DNA sequences in systematical 
biological taxonomy followed by the concept of 
using DNA barcoding for mtDNA gene, 
mitochondrial cytochrome c oxidase I (COI) [64]. 
The DNA barcoding provides a new, quick and 
convenient way for genetic diversity identification 
with an accuracy level of 97.9%. This method 
has disadvantages also such as genome 
fragments are very difficult to obtain and are 
relatively conserved (no or very less genetic 
variations).        
 
The main aim of this manuscript is to provide a 
trail to shade alight on the different types of 
molecular markers by introducing a brief 
summary. This review could be helpful in better 
understanding of different characteristics of 
genetic markers and the genetic diversity of plant 
genetic resources. 
   

2. MOLECULAR MARKERS IN PLANT 
BREEDING 

 
Genetic markers represent genetic differences 
between species and individuals by act as ‘sign’ 
or ‘flags’ to close proximity to genes. Such 
markers do not affect the functioning of genes 
because they are present near or linked to the 
genes controlling the traits. Sometimes markers 
present over the gene of interest, those markers 
are known as ‘perfect markers’. Genetic markers 
are of three types: Morphological markers which 
are phenotypic characters or traits, Biochemical 
markers are an allelic variant of enzymes called 
as isozymes and DNA (molecular) markers 
represents variation at DNA levels [11]. 
Morphological and biochemical markers are not 
frequently used because they are limited in 
number and influenced by environmental and 
developmental stages [12]. These limitations of 
morphological and biochemical markers can be 
overcome by molecular markers which are 
mainly polymorphic and abundantly distributed 
throughout the genome.  
        
2.1 Construction of Linkage Map 
 
A linkage map is a ‘road map' of the 
chromosome which depict the order of genetic 
markers and the relative distance between them 
in terms of recombination frequencies. Linkage 
maps help in the identification of genes or QTLs 
associated with traits of interest on the 
chromosome. Markers which are tightly or 
closely linked to the gene of interest will be 
transmitted together from parents to progeny as 
compared to markers that are located further 
apart. Lower recombination frequency between 
two markers indicates that they are closer 
situated on a chromosome. The recombination 
frequencies are converted into map units called 
centi Morgan (cM) using mapping functions. Two 
most commonly used mapping functions are 
Kosambi (indicates that the recombination events 
influence the occurrence of adjacent 
recombination events) and Haldane (assumes 
that no interference between crossover events) 
[13, 14]. Construction of Linkage maps are 
divided into three types:  Production of the 
mapping population, identification of 
polymorphism and linkage analysis of markers.  
 
2.1.1 Mapping populations 
 
Mapping population is required for linkage map 
construction. Parents used in mapping 
populations should be different for one or more 
traits of interest. Size of mapping populations 
should be varying from 50-250 individuals but 
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larger populations size is required for high 
resolution mapping. If map will be used for QTL 
analysis than the populations must be 
phenotypically evaluated. In self pollination, 
mapping population is originated from two 
homozygous parents whereas, in case of cross 
pollination, mapping population is mainly derived 
from a cross between a heterozygous parent and 
a haploid or homozygous parent [11]. Different 
types of populations are utilized for mapping 
within plant species, with each having 
advantages and disadvantages.     
 
2.1.2 Identification of polymorphism 
 
The second step in the construction of linkage 
map is to identify a polymorphic marker which 
provides sufficient difference between parents. It 
is critical to identify sufficient amount of 
polymorphism for linkage map construction. In 
general, cross pollinated species revealed higher 
DNA polymorphism as compared to self 
pollinated species. So, sometimes in self 
pollination, parents are selected on the basis of 
the level of genetic diversity between species. 
Only polymorphic markers are screened around 
the entire population along with parents. This 
process is known as ‘genotyping’.  
 
2.1.3 Linkage analysis of markers  
 
The final step of linkage maps construction is the 
data analysis using computer software 
(Mapmaker/EXP, MapManager QTX and 
JionMap) for each marker on each individual. 
The linkage between markers is usually 
calculated in terms of logarithm of odds (LOD) 
value or LOD score [15]. The LOD value of >3 is 
used for linkage map construction because it 
shows that linkage is 1000 times more likely (i.e. 
1000:1) than no linkage. The major difficulty in 
obtaining an equal number of linkage groups and 
chromosomes is the non-random distribution of 
markers and unequal recombination frequency 
over the chromosome.     
  
2.2 Linkage Mapping of Molecular 

Markers and Oligogenes 
 
2.2.1 Analysis of QTLs 
 
The region of the genome which contains genes 
associated with quantitative traits is known as 
quantitative trait loci (QTLs). QTL analysis is 
worked on the principle of detecting an 
association between phenotypic and genotypic 
data of markers. The marker which is closely 
associated with QTLs are inherited together, 
shows lower chances of occurrence of 

recombination. When two markers are linked on 
each side of QTLs, these markers are known as 
‘flanking’ markers. Flanking markers based 
selection is more reliable than that of single 
markers because of the lower recombination. 
The QTLs are mainly detected by three methods: 
single-marker analysis, simple interval mapping 
and composite interval mapping [16,17].  
 
Single-marker analysis is the simplest method for 
QTLs detection with single markers. The 
statistical approaches used are analysis of 
variance (ANOVA), t-tests and linear regression. 
An advantage of single marker analysis is that it 
does not require a complete linkage map and 
can be performed with simple statistical 
programs. Along with its advantage, the major 
disadvantage is that this method is unable to 
detect further the same QTL as it is detected 
previously.  MapManager QTX and QGene are 
mostly used in computer programmes for single 
marker analysis [18, 19]. 
 
Simple interval mapping (SIM) analyses intervals 
between adjacent pairs of linked markers on 
linkage maps [20]. This method is statistically 
more powerful than that of single point analysis 
because linked markers compensate for 
recombination between the markers and the 
QTL. Many researchers conducted a SIM using 
Map Maker/QTL [21] and QGene [18]. Recently 
popular method for QTLs mapping is the 
composite interval mapping (CIM).  The interval 
mapping is combined with linear regression 
along with statistical models to detect QTLs with 
CIM [22-25]. CIM has the advantage that it is 
effective and precise method for QTL analysis, 
especially when linked QTLs are involved, as 
compared to single-point analysis and interval 
mapping. Researchers have used QTL 
cartographer [26, 27], PLABQTL [28] and 
MapManager QTX [19] to perform CIM.     
 
2.2.2 Advanced backcross-QTL analysis (AB-

QTL)  
 
Advanced backcross QTL analysis is a method 
of combining QTL with varietal development. 
This method involves the identification of 
valuable QTLs from unadapted germplasm (e.g 
wild species, land races) and transferring them 
into established elite lines [29]. In the first 
generation, BC1 population undergoes negative 
selection to reduce deleterious donor allele 
whereas BC2 and BC3 populations are 
evaluated for traits of interest and genotyped 
using molecular markers. In this way, the QTLs 
are transferred to the adapted genetic 
background. This method has been applied in 
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various crops, e.g Tomato (Lycopersicon 
esculentum L.) [29-31], rice (Oryza sativa) [32-
34], maize (Zea mays) [35, 36], Wheat (Triticum 
aestivum) [37] and barley (Hordeum vulgare L.) 
[38].    
 
2.2.3 Association mapping 
 
Association mapping or linkage disequilibrium 
mapping is the method of QTL identification by 
utilizing historic linkage disequilibrium to link 
phenotype (observable characteristic) to 
genotype (the genetic constitution of the 
organism). In association mapping, genetic 
markers lie within the candidate genes and 
association mapping based on linkage 
disequilibrium between the candidate gene 
markers and causal polymorphisms caused in 
the gene. Association mapping is also known as 
LD mapping. LD is the nonrandom association of 
alleles at different loci (frequency of occurrence 
of genes in population than it would be 
expected). Association mapping is the powerful 
tool for identification of natural variations in 
genes. The main advantage of association 
mapping is that it is applied within current 
existing populations instead of creating a new 
population. Association mapping has been 
applied in a number of crops e.g flowering time in 
maize [39], growth habit and bolting in sea beet 
(Beta vulgaris sp. maritima) [40], kernel 
composition in maize [41] and kernel size in 
wheat [42], and flowering time and pathogen 
resistant genes in Arabidopsis [43].  
 
2.3 Gene Tagging 
 
The QTL analysis and linkage map construction 
is a laborious and expensive process. Therefore 
there is an alternative method for QTL detection 
which saves both time and money, especially 
useful in those cases where resources are 
limited. The two methods are bulked segregant 
analysis (BSA) and selective genotyping which 
identify markers that tag QTLs. Mapping 
populations are required in both the cases. BSA 
method helps in the identification of markers 
present in specific chromosomal regions [44]. In 
this case, DNA from two contrasting bulks of 10-
20 individuals (e.g. resistant vs. susceptible for a 
particular disease) was combined. Markers are 
used to screen across the two bulks. The marker 
which shows polymorphism across the bulks may 
represent as markers that are linked to a QTL or 
gene of interest. Once polymorphic markers are 
identified then entire populations genotyped with 
these markers and localized linkage map may be 
developed. This method usually used to tag 
genes controlling simple traits but in some cases, 

markers linked to major QTLs are also identified 
[11]. In selective genotyping (also known as ‘trait-
based marker analyses’ or ‘distribution extreme 
analysis’) only those individuals that have 
phenotypic extremes or trails of the trait are 
selected for analysis [20, 45-46]. Linkage maps 
are construction or QTLs are detected only using 
those individuals which shows extreme 
phenotypes for the trait of interest. Then 
subsample of the population is being selected for 
genotyping which reduces mapping cost. 
Selecting genotyping is performed in those cases 
when growing or phenotyping of individuals are 
easier or cheaper in mapping population as 
compared to genotyping using DNA marker 
assays. The major disadvantage associated with 
this method is that only one trait can be tested at 
a time and in some cases, it is not efficient in 
determining the effects of QTLs. 
 
2.4 Marker Assisted Plant Breeding 

Applications  
 
Marker assisted selection is the combination of 
traditional genetics and molecular biology. In 
MAS, the phenotype is selected on the basis of 
the genotype of the markers. The markers used 
in preliminary mapping studies are suitable for 
marker-assisted selection without further testing 
and development. Markers that are not used in 
previous MAS studies may not be reliable for 
predicting phenotype and will be useless. The 
genes which control traits of interest such as 
color, quantity, or disease resistance etc are 
selected through MAS. The major steps included 
in MAS are high resolution mapping, validation of 
markers and marker conversion if required. In 
high resolution mapping, a greater number of 
markers and larger population size is used to 
found tightly-linked marker. Then the 
effectiveness of these markers is validated on an 
independent population or on the different 
genetic background to determine the target 
phenotype. 
 
2.5 Fingerprinting and Gene Cloning 
 
2.5.1 DNA fingerprinting 
 
With the advent of DNA fingerprinting, that is the 
profiling of the DNA which is unique and different 
for all individuals like the fingerprints, in humans 
by Sir Alec Jeffrey a decade ago, soon it was 
adopted for other organisms as well like fungi, 
plants etc. for the betterment of mankind. Plant 
DNA fingerprinting has evolved beginning from 
the RFLP- in conjunction with southern 
hybridisation based fingerprinting to mostly 
employed PCR-based fingerprinting approaches 
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for single or multilocus profiling and nowadays 
the developing next generation sequencing 
strategies being exploited for generating high 
throughput plant DNA fingerprinting. Though 
NGS invention will definitely support 
fingerprinting approach either in terms of marker 
development or to adopt Genotype-by-
Sequencing but there's no second thought about 
the fact that the wide applications of plant DNA 
fingerprinting still relies on PCR-based molecular 
markers to a greater extent. 
 
Shortly after the invention of PCR (the 1980s), 
many approaches came into limelight for 
generating plant fingerprints. The strategy 
adopted was such that PCR fragments from the 
plant genomic DNA were produced using short 
oligonucleotides primers along with arbitrary 
sequences. Further after electrophoretic 
separation and visualisation of bands using 
autoradiography, multilocational banding patterns 
were observed. The markers employed for this 
purpose were starting from RAPD, AFLP, ISSR 
to newly developed and less frequently used 
markers like SRAP (sequence related amplified 
polymorphism) where the junction which is 
polymorphic in between the exons and flanking 
introns are amplified, TRAP (Target region 
amplification polymorphism), SAMPL (Selective 
amplification of polymorphic microsatellite loci) a 
combination of AFLP and microsatellite based 
primers, DAMD (Direct amplification of 
minisatellite DNA) that use primers specific to 
minisatellites only, RGAP (Resistant gene analog 
polymorphism) that makes use of primers binding 
to only conserved domains of  resistant gene 
[47,48]. 
 
Likewise, PCR based single locus markers 
gained importance due to their high 
reproducibility, being codominant in nature, 
increased polymorphism rate and high accuracy 
ratio as compared to other fingerprinting 
strategies. Here two microsatellite flanking 
primers are used to amplify the target region 
using PCR and bands are separated 
electrophoretically using polyacrylamide or 
capillary separation and bands are visualised 
using autoradiography or fluorography. EST-
SSRs and SNPs have shown high applicability 
nowadays where ESTs are generated either from 
cDNA cloning or from existing databases of 
ESTs available. Single nucleotide polymorphism 
(SNPs) on the other hand are nowadays most 
widely employed authentic single locus markers. 
Apart from these, SCAR (Sequence 

characterised amplified region) and CAPs 
(cleaved amplified polymorphic sequences) have 
also been developed [49]. 
 
Plant DNA fingerprinting possess many 
advantages in the crop improvement 
programmes such as marker assisted breeding, 
identification of genotypes, genetic similarities 
and variations, population structure and gene 
flow, introgression, polyploidy, association and 
linkage mapping studies etc. And soon the high 
throughput sequencing strategies will possess a 
stronghold in the fingerprinting field and in 
alliance with both the strategies new qualitative 
and quantitative outcomes can be generated. 
 
2.5.2 Gene cloning 
 
Gene cloning refers to the phenomena of 
construction of a recombinant molecule first and 
then transforming into a suitable host for its 
multiplication and increasing copy number or say 
producing clones. Basically, the two major 
components of gene cloning process are 
 
• The DNA fragment to be cloned 
• The plasmid/vector in which the fragment 

is to be ligated 
 
The DNA fragment containing the desired gene 
of interest along with operons, regulatory 
elements etc are isolated from the genomic DNA 
either using restriction enzymes or amplifying by 
PCR and similarly side by side plasmid which is 
the extrachromosomal circular DNA in bacterial 
cells is also linearised using restriction enzymes. 
Further, the desired gene is ligated into the 
plasmid by physical joining with the help of ligase 
enzyme that creates phosphodiester bonds 
between them and a new recombinant molecule 
is constructed. The recombinant molecule is then 
transformed into suitable host say E.coli where it 
replicates along with the host organism (Fig 1).  
 
Plasmid vectors enable the rapid multiplication of 
the desired gene along with substituting the 
required control elements required for further 
transcription and translation of the cloned gene. 
Gene cloning is not considered successful until 
its presence is checked which can be done by 
plating the bacterial host on to the selective 
media and further if the colonies observed then 
confirmation is done using colony PCR and 
sequencing.  
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The recombinant DNA technology and gene 
cloning have enabled the researchers and plant 
breeders to exchange and inculcate desired 
genes conferring traits of interest into target 
crops and overcome the barriers of traditional 
breeding approaches. The cloned gene when 
successfully express in the host may possess the 
ability to produce such trait which otherwise 
would be lacking like disease resistance, 
enhanced vitamin content etc. This rDNA 
technology has enabled the researchers to 
inculcate and characterize all genes for crop 
improvement irrespective of those found in a 
specie or its close relative only. Also, the 
technique is quite specific, only desired traits are 
inserted unlike wide crosses made by breeders 
where undesired genes can also transfer. Gene 
cloning is widely employed in case of woody 
trees and vines where it takes a number of years 
to acquire a phenotypic trait by traditional 
breeding whereas genetic manipulation 
eliminates the need of full growth of the crop 
rather with molecular techniques, researchers 
can analyse the genetic makeup of the whole 
plant at an early stage [50]. 
 
2.6 Genomic Selection 
 
Although phenotyping and pedigree analysis 
have been successful in providing information 
regarding traditional crop improvement strategies 
still they are inefficient in providing precise 

values. Due to the favourable results depicted by 
gene tagging and QTL mapping, MAS (Marker-
assisted selection) have been extensively used 
in crop improvement programmes since 1990. 
But the strategy face many limitations as single 
gene effect is not solely responsible for 
governing all the economically important traits 
hence DNA markers can only identify a small 
number of genetic variations, also single genes 
possess minute effects and therefore a high 
amount of data is required for compilation of the 
effects. The complication is further worsening if 
QTL is traced by a haplotype of marker. The 
modified strategy of MAS to overcome all these 
problems and named it Genomic selection [51]. 
Basically, genomic selection is a type of Marker-
assisted selection only where the complete 
genome is traced with the help of genetic 
markers where all the quantitative trait loci (QTL) 
are in linkage disequilibrium with at least one of 
the genetic marker so that the estimated effects 
per QTL is small. The estimation in the target 
population is based according to the distinct but 
related clusters namely training and breeding 
populations. The resultant breeding values 
confirm the selection estimated by the breeding 
population. Instead of estimating novel genes 
governing a particular trait, GS estimates highest 
genomic estimated breeding value (GEBV) which 
means, using statistical model(s) to estimate the 
genotyped population to in turn predict the 
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breeding values of future phenotypes in the 
candidate specie. 
 
To enhance the authenticity of statistical 
analysis, phenotyping can be considered as a 
key source. Also GS along with gene pyramiding, 
and Marker assisted recurrent selection (MARS) 
can serve as an integrated platform for 
diversifying corp improvement programmes. 
 
HOW TO ESTIMATE GEBV... 
 

1. The inferring genotype of the plant at each 
QTL using genetic markers 

2. Estimating the consequence of each QTL 
on the trait 

3. Acquiring the GEBV value by summing up 
the total effects of QTL for selection 
candidates. 

 
Prediction models used to estimate GEBV... 
 

1. Prediction using genome-wide dense 
marker maps 

2. LASSO-related penalyzed regression 
method 

3. Whole genome regression model 
4. Kernel Hilbert spaces regression method 
5. Random forest method 
6. Elastic net algorithm 
7. Bayesian regression model etc 

 
2.7 Advantage over Other Breeding 

Strategies 
 
Genome-wide selection in crop protection is an 
emerging area as compared to animals where its 
significance is increasing day by day. Genomic 
selection needs to be implemented in plants as 
an integrated breeding programme to enhance 
the efficiency of other conventional breeding 
strategies.  
 
Breeding strategies like MAS which deals with 
the markers associated with only qualitative traits 
and association genetics on the other hand focus 
on LD mapping rather than evaluating the 
functional alleles. A successful variety is a 
combination of valuable traits governed by minor 
genes which might get skipped in MAS and 
association mapping and hence GS comes into 
play to overcome these drawbacks by covering 
the whole genome with the help of markers and 
estimating GEBVs to identify the phenotype of 

target trait. Phenotypic prediction accuracy of 
genomic selection models is much higher than 
any other model say multiple linear regression, 
where GS models outperformed than MLR by 
approximately 47% in case of the biparental 
wheat experiment [52]. The annual genetic gains 
per annum was given by GS is much higher than 
MAS and phenotypic selection as depicted in the 
case of wheat and maize [53]. The only hurdles 
in the path of exercising genomic selection for 
crop improvement are that the quantity of 
genomic markers required is high along with the 
genotyping cost. However, to counteract both 
these hurdles, next-generation sequencing 
techniques and single nucleotide polymorphism 
(SNP) have been inculcated that has enhanced 
the rate of implementation of genomic selection 
for crop improvement strategies. 
 
2.8 High Throughput SNP Genotyping 
 
Because of their high density and even 
distribution among the genomes of various crop 
plants, SNPs have been reported as the most 
applicable genetic markers as of now. They are 
readily used for association mapping studies and 
analysing genes for disease loci which require 
high throughput SNP genotyping. There are 
many strategies being employed nowadays for 
SNP genotyping as it deals with a large number 
of SNP markers and efficient technology (Fig 2). 
 
The efficient genotyping strategy involves: 
 
• Amplification of target fragment 
• Discrimination of alleles 
• Product identification with allele specificity 

 
Target amplification is mostly done using 
Polymerase chain reaction (PCR) where specific 
amplicons are applied to achieve accurate 
amplification as using primers that amplify 
multiple loci can lead to serious genotyping 
errors. For designing primers for SNP 
genotyping, pseudogenes, conserved sequences 
and repetitive sequences should be neglected as 
they may hinder the amplification step. After 
amplication, a purification step is carried out to 
remove excess of dNTPs, PCR primer leftovers 
so as to initiate the extension step. For 
purification, shrimp alkaline phosphatase (SAP) 
or E.coli exonuclease can be used. 
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Allelic discrimination is a crucial step where this 
discrimination strength emerge from DNA 
polymerase and DNA ligase and also the 
thermodynamics of matched and mismatched 
DNA duplex are exploited for the same [54]. This 
step is important for its accurate and specific 
product outcome. Protocols employed nowadays 
like Molecular Beacons, the TaqMan assay, 
FRET-DOL assay etc are single step assays 
combining PCR amplification and allele 
discrimination. 
 
Various techniques being exploited for the 
identification of product with allele specificity are 
Mass Spectrometry which identifies products on 
the basis of their molecular weight, DNA 
sequencing approaches that detect product on 
the basis of fluorescence and size. Also, other 
methods such as FRET (fluorescence resonance 
energy transfer), FP (Florescence polarisation), 
absorbance, luminescence etc uses direct 
correlation of the indexes with the product. 
Detection can be divided into two groups: 
Homogeneous based detection and Solid-phase 
mediated detection [55]. 
 
Homogeneous based detection are more efficient 
for automated scoring because no purification 
and clean up steps are required but also face the 
limitation of reduced multiplexing whereas, solid-
phase detection methods employ purification 
strategies using mass spectrometry, Illumina 

color beads, Zip Code technology, Orchid SNP 
IT technology etc. Most of the detection protocols 
employ simultaneous genotyping assays by 
using 96 or 384 well plates or microarray and 
above all most detection systems have automatic 
genotyping scoring depending upon the cost and 
throughput [56]. 
 
The cost and throughput structures rely on their 
applicability in different fields like in clinical and 
diagnostic field where SNP marker requirement 
is low but sample size is high and methods like 
TaqMan assay, Molecular beacon and Invader 
technology fit efficiently in this field and where 
requirement of SNP markers is high, the 
microarray method is employed [57]. Applications 
like gene mapping and linkage disequilibrium for 
different traits require both a high amount of SNP 
markers and large sample size and for this most 
cost effective and flexible methods should be 
taken into account. The most popular methods 
employed for SNP genotyping as of now are FP-
TDI, TaqMan assay and pyrosequencing. Other 
methods such as invader's technology and 
fluorescence detection are efficient in terms of 
accuracy and success rate. 
3. PHYLOGENETIC RELATIONSHIPS 

AND GENETIC DIVERSITY 
 
Molecular markers play a crucial role in 
extracting genetic profiles from the tested 
germplasm along with the clarification of the 
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evolutionary relationships among different 
groups, communities, genera, tribe etc. This 
evolutionary relationship studies helps to 
elucidate the various ancestral information, 
relatedness among different species and            
further exploiting this fact for various genetic 
variation studies [58]. Phylogenetic relationships 
are depicted in form of an evolutionary tree 
where it highlights the relatedness among 
different species and genera, their migration 
pattern, infection prevalence etc in a graphical 
manner. 
 
The basic elements of a phylogenetic tree which 
comprise an edge connected to nodes which can 
be internal or external [59]. External nodes 
depicts operational taxonomic units (OTU) which 
are the molecular sequences from which tree 
was hypothesized. The last common                
ancestors (LCA) is depicted by the internal 
nodes, also the phylogenetic tree could                         
be a result of a single gene or multiple                   
genes. Root depicts the common ancestor                     
of all the taxa and in absence of common                    
one, it can be placed in the middle of the tree. 
 
A molecular phylogenetic relationship can be 
predicted using evolutionary information 
generated by using biomolecular sequence 
alignment of amino acids, DNA, RNA or                

single nucleotide polymorphism (SNP), 
morphological data etc. Statistical methods that 
are applied for the generation of a phylogenetic 
tree are maximum parsimony, maximum 
likelihood, UPGMA ( Unweighted pair group 
method with arithmetic mean), transform 
distance method, neighbour joining method etc. 
Various software now dealing with the 
phylogenetic tree assessment are Paup,                
PAML, PHYLIP, Pfam, TREEfam, PANTHER etc. 
[60]. 
 
4. PLANT GENETIC DIVERSITY 
 
Genetic diversity is an important aspect for the 
crop improvement which is being exploited since 
ages for supplementing the growing food 
demands. Genetic diversity in plant genetic 
resources has enabled to inculcate desired traits 
as per the choice of farmers as well as plant 
breeders. Basically plant genetic diversity deals 
with the genetic changes in a specie for its 
adaptation to various biotic and abiotic changes 
and inherit that ability to cope with the 
environmental changes in further generations. 
These genetically diverse species can be 
preserved in the form of plant genetic resources 
in biorepositories, gene banks, DNA libraries etc 
for a longer duration (Fig 3). 
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Fig. 3. Genetic diversity analysis in plants 
5. ASSESSMENT OF GENETIC 

DIVERSITY 
 
Various techniques being employed for the 
assessment of genetic diversity are: 
 

Morphological evaluation 
Biochemical evaluation (allozyme) 

Molecular marker based evaluation 
 
Morphological and biochemical based evaluation 
were being employed in the pregenomic era 
where morphological parameters dealt with 
visual characteristics for the diverse traits and 
evaluating them. On the other hand, biochemical 
evaluation deals with allelic variants called 
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isozymes that are detected using electrophoresis 
and staining. 
 
The third and most applicable evaluation system 
is by employing molecular markers. These 
molecular markers help in assessing genetic 
diversity such that they can detect all sort of 
mutagenic actions like deletions, additions, 
inventions etc and unlike biochemical markers, 
these can be both dominant as well as 
codominant [61]. Advantages of using these 
genetic markers are that they are capable of 
assessing cultivar purity, parental selection, 
assessing genetic variability and cultivar identity 
along with marker assisted backcrossing and 
gene pyramiding. The various genetic markers 
being employed for the genetic variability 
assessment are RAPD, RFLP, AFLP,SSRs, 
ISSRs, EST-SSRs, SNP etc. 

 
6. GENETIC DIVERSITY ANALYSIS 
 
There are various statistical approaches that can 
be employed to assess the genetic diversity 
which is based on the following concepts: 
 
• Measuring polymorphism 
• Similarity coefficient 
• Shannon’s information index 
• Allele frequency based approaches 
• Heterozygosity 
• F statistics 
• Effective population size etc 

 
Nowadays, various analytical programs are 
available for estimating the genetic diversity 
using computational tools like NTSYSpc, 
Arlequin, DARWIN, Power Marker, DnaSP, 
MEGA, STRUCTURE, fast STRUCTURE, 
fineSTRUCTURE, POPGENE etc. many of these 
software perform similar tasks only differing in 
modes of input and output data, user interface 
and platform, solely depending on the user's 
choice. 
 
With the advent of molecular marker 
assessment, new data can be characterized with 
accuracy and speed with low cost and high 
output and hence germplasm rich in qualitative 
and quantitative traits can be further analysed 
and stored for longer durations in the 
repositories. 
 
Samriti, 2017 studied genetic diversity in 21 
collections of Rubus ellipticus by using 20 SSR 
and 35 ISSR markers. A total of 20 EST-SSR 
were designed and custom synthesized. For 
polymorphism, DNA was isolated from young 
leaves of all the 21 collections using CTAB 

method (Doyle and Doyle, 1987). All EST-SSR 
and ISSR primers showed amplification, 
revealing 100% polymorphism. Jaccard’s 
similarity matrix was developed and 
dendrograms were generated using NTSYSpc 
ver.2.02h to establish the percent similarity 
among the 21 collections of Rubus ellipticus. 
From this study, conclusion has been drawn that 
both EST-SSRs and ISSRs used in the study 
showed a high level of polymorphism in the 21 
colllections of Rubus ellipticus, revealing their 
efficiency for diversity analysis studies. Use of 
molecular markers therefore provides an 
objective of genetic diversity analysis for 
unequivocal identification of elite genotypes and 
its conservation and improvement [62]. 
 
7. BIOINFORMATICS AND DATABASES 

FOR GENOMIC RESEARCH 
 
For the development of statistical tools and 
programs along with computer software’s for 
efficient storage, accumulation and visualisation 
of the biological samples, Bioinformatics comes 
into play. Bioinformatics emerged in the early 
1980s when it came into consideration that 
personal computers could be used as storage 
and evaluation device for the biological samples 
as well. And with passing time bioinformatics 
tools started showing up in sites such as 
European Molecular Biology Laboratory (EMBL), 
The National Centre for Biotechnology 
Information (NCBI), the DNA Databank of Japan 
(DDBJ) etc which are the international 
conventions which supplements the need of 
researchers all around the globe and are also 
progressing day by day. 
For sequence search and similarity approaches, 
analytical tools like BLAST and CLUSTAL have 
shown their applicability since the 1990s. In 
addition to that, for retrieving biological 
information based on their sequence information, 
several other databases like AutoSNP, 
SNP2CAPS, TASSEL, STRUCTURE are also 
being used nowadays. Bioinformatics also 
include some databases which are specifically 
designed for the purpose of storage of vast 
genetic information and the efficient ones are 
GenBank, Phytozome, SwissProt, UniProt, the 
EMBL nucleotide database etc. All these 
databases are in open access to the users and 
are readily available to them. KEGG (Kyoto 
Encyclopedia of Genes and Genomes) on the 
other hand aims at providing information 
regarding the metabolic pathways and the gene 
interaction among different organisms [63-65]. 
 
With the advancement in science and 
technology, many new approaches are being 
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employed and with the advent of NGS 
techniques, genome sequencing is no big task 
today. And bioinformatics plays a crucial role in 
the storage and analysis of the data and come 
up with valuable information to be exploited for 
crop improvement. Many new databases have 
been created for the analysis and functional 
annotation of plant genomes such as Blast2GO 
which provide information regarding functional 
regions within DNA sequence, another database 
i.e. SSR Locator that enables the user to identify 
the appropriate targets for primers to bind to the 
genomic DNA and ensure that they are unique in 
nature. It also plays a significant role in primer 
designing and contains a PCR simulator that 
helps in hypothetically analysing the comparison 
of amplified products among different crops.  
 
8. CONCLUSION 
 
Molecular markers play an important role in plant 
breeding to increase crop production or 
productivity.  However, plant breeders are facing 
major problems in crop yield production due to 
global warming, new biotypes of diseases and 
insects or with abiotic stress. In the recent year, 
sufficient results has been obtained in genetic 
studies on amino acid content, vitamins and 
minerals, proteins, phenolic and flavinoid 
compounds, phytic acid, glycemic index value, 
zinc and iron content along with QTLs linked to 
these traits but needs more research for 
processing and curative properties. In India 
recently released high zinc and protein rich rice 
varieties provides a positive note on crop 
improvement through molecular markers. The 
progress made in genomics is creating the path 
to identify new genes for resistance to biotic and 
abiotic stress using DNA markers. Integration of 
those desired genes from unadapted cultivars to 
elite cultivars will help in the development of 
improved crop varieties suitable for different 
agro-climate conditions. 
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