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biology experimentation, and systems analyses in finding solutions to 
the challenging goals of plant breeding and agricultural biotechnology 
for crop improvement.1 In addition, the amount of genetic variability 
particularly additive genetic variability available and the effectiveness 
with which the selection is performed for the trait of interest decides 
the advance of any breeding program. Selection based on phenotypic 
basis becomes confined especially when the traits are of complex 
nature. Here, molecular markers may prove to be beneficial as they 
provide several advantages over traditional phenotypic markers.1 
Hence, selection based on molecular marker approach will be more 
precise and accurate way of selection. This method will screen the 
markers linked to the gene(s) or quantitative trait loci (QTLs). 

Drought is the most devastating abiotic stress affecting crop 
productivity. The primary step to understand the genetic control of 
tolerance is the physiological dissection of complex traits that as a 
result could improve competence of molecular breeding strategies.2 
High temperature related to drought promotes evapotranspiration 
and affects photosynthetic kinetics intensifying the effects of drought 
and resulting into reduced crop yields. Unfortunately, in response to 
climate change, the occurrence of drought in many food–producing 
regions has been predicted to be increased considerably.3,4 Hence, it is 
focused to ensure sustainable and long–term benefits through genetic 
improvement for water stress tolerance.5

There is acute need for having corresponding information of plant 
physiological response and integrative modelling to embark upon the 
puzzling effects connected with environment and gene interaction.6 
Physiological progress in this connection increases the probability 
of crosses resulting in additive gene action for stress adaptation, a 
benefit over empirical breeding for yield per se offering thorough 
characterization of the germplasm than for yield alone.7 Further, 
mapping and cloning of genes concerned in various physiological 
traits is somewhat a complex progression. However, sequencing 
technology has provided affluence of genomic (total DNA) and 
expressed sequence information in locating, interpreting, and 
assigning biological function.8

Plant breeding institutes have adopted the capacity for marker 
development and marker–assisted selection (MAS) recognizing 
the enormous potential of DNA markers. Though non–molecular 

biologists may not understand the utility of DNA markers in plant 
breeding in view of the rapid progresses made in marker technology, 
statistical methodology for identifying quantitative trait loci (QTLs) 
and the terminology used by molecular biologists.

This review provides an introduction to criteria for using 
physiological traits in breeding programmes; molecular markers 
that includes DNA markers and the concept of polymorphism; QTL 
detection for physiological traits focusing upon mapping QTLs 
relevant to photosynthetic potential, absorption and assimilation 
of nutrients, flowering, drought tolerance and water use efficiency. 
Besides these, a brief idea regarding heat tolerant–related morpho–
physiological traits followed by techniques for identification of 
putative molecular markers associated with root traits have been also 
incorporated. This compact and comprehensive review can be of 
assistance to related researchers.

Criteria for using physiological traits in 
breeding programmes

Osmotic adjustment, accumulation and remobilization of stem 
reserves, superior photosynthesis, heat– and desiccation–tolerant 
enzymes, and so on are important physiological traits (PTs) in a 
breeding programme either by direct selection or in the course of a 
substitute such as molecular markers. Several pieces of information 
on important PTs may be collected on potential parental lines that 
engross screening of whole crossing block, or a set of commonly used 
parents, thus bringing into being an index of useful PTs which have 
to imperatively establish their heritability and genetic correlation 
with yield in target environments that can be used advantageously 
in designing crosses, which bring together desirable traits through 
increasing transgressive segregation events.9,10

It is vital that the application of the trait as a selection criterion 
be definite when significant genetic diversity for a physiological 
trait in a germplasm collection for the given species is established. 
Subsequently, breeding strategies are effective only when these traits 
are rightly defined in terms of the stage of crop development so as to 
using specific attributes of the target environment and their potential 
contribution to yield.7
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Introduction
Numerous significant traits controlled by several genes associated 

with a particular quantitative trait are known as quantitative trait 
loci (QTLs). Major advances in the characterization of quantitative 
traits to select for QTLs was amplification of DNA (or molecular) 
markers that will enable plant breeders and researchers in increasing 
the competence of worldwide food production. Knowledge through 
advances made in QTL analysis and the application of markers in 
marker–assisted selection needs to be exploited by conventional 
breeders, physiologists, molecular biologists and so on. RFLP markers 
execute demands of breeding programmes for crop improvement, as 
such markers are versatile tools in various disciplines of plant sciences 
encompassing generation of large number of molecular–genetic 
data, development of impressive methodological skills in molecular 
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Molecular markers for physiological traits
Mendel’s classical studies on garden peas led the foundation of 

the plant genetics. After this the researchers started identifying, 
categorizing and mapping single gene markers in different plant 
species. Based on the visual observation of morphological features, the 
markers on first genetic map for phenotypic traits were scored in the 
fruit flies. The morphological markers have been found in nature or as 
the result of mutagenesis experiments. These are highly influenced by 
environmental factors. Besides this, based on the proteins produced 
by gene expression are also employed that comes under the category 
of biochemical markers. These proteins are generally isozymes i.e. 
isomorphs of an enzyme that catalyzes the same reaction. Discrete 
bands of isozymes can be isolated and recognized by electrophoresis 
and staining. They are the products of various alleles of one or several 
genes. As isozymes are coded by the genes, the resulting isozyme 
banding patterns are used to infer genetic relationships based on 
interpretations of banding polymorphisms.11 However, being post 
transcriptional markers, expression of isozymes is influenced by 
environmental changes causing polymorphisms that might not reflect 
real variances at the molecular level. Development of molecular 
markers in the 1980s proved to be a major breakthrough in the field 
of plant breeding as it facilitated the selection and characterization 
of QTLs. Molecular markers assists the construction of linkage maps 
which represents the position of genes within a linkage group. This 
dissolved the problem of creation of multimarker lines for contruction 
of linkage map. Using QTL analysis, linkage maps can be exploited 
for detection of chromosomal regions governing traits controlled 
by either oligogenes or polygenes. In addition, the efficiency and 
precision of conventional breeding can be enhanced through DNA 
markers which have the potential to be used as molecular tool for 
marker–assisted selection (MAS) in plant breeding.12 MAS permits for 
the selection of genes that control traits of interest using the presence/
absence of a marker. Combined with traditional phenotypic selection 
techniques, MAS has become an efficient, effective, reliable and 
cost–effective tool compared to the more conventional plant breeding 
methodology. The use of DNA markers in plant breeding as marker– 

assisted selection has unlocked a new realm in agriculture and is a 
component of the new discipline called ‘molecular breeding’.13

Different types of molecular markers, with differences in their 
principles, methodologies, and applications exists which requires 
careful consideration.1 With the advancement in the sequencing 
techniques making more DNA sequence data available, molecular 
genetics and genomics approaches focussing on cross–referencing 
genes and genomes using sequence and map–based tools will offer 
great promise to plant breeders. Generally a marker taken into 
consideration must be polymorphic. It must exist in different forms so 
that clear cut distinction between the chromosome carrying the mutant 
gene and the one carrying normal gene by the form of marker it also 
carries can be accomplished. This polymorphism in the marker can 
be detected by observing the difference in the nucleotide sequence of 
DNA (by Molecular markers).

Molecular markers
Molecular markers or DNA markers refers to 

specific  DNA  variations between individuals which are easily 
detected and whose inheritance can be monitored readily. It is the 
variation in the DNA bands i.e. polymorphism on which the use of 
molecular markers depend. A molecular marker has some providential 
properties,14 which include highly polymorphic nature; co dominant 
inheritance; evenly and frequent distribution throughout the genome; 
neutral to environmental conditions; easy access (availability), 
which is rapid and cheap to detect; simple and quick assay; high 
reproducibility and easy exchange of data between laboratories. 
Selection of molecular markers becomes a difficulty as wide range 
of molecular marker techniques viz. hybridization based and PCR 
based is available for the detection of polymorphism at the DNA 
level. Based on the study to be taken into consideration a suitable 
marker technique can be identified that would satisfy at least few of 
the above listed characteristics. Kumar et al.,15 summarized advantage 
and disadvantage of some commonly used molecular markers in a 
tabular form as follows: (Table 1) (Table 2).

Table 1 Advantage and disadvantage of some commonly used molecular markers

Type of markers Advantages Disadvantages 

Restriction Fragment Length 
Polymorphism (RFLP) 

-High genomic abundance -Large amount of good quality DNA is required 

-Co-dominant markers -Time consuming 

-Robust -Automation is difficult 

-Reproducibility is high -Requires radioactive labelling 

-Can use filters many times -Requirement of cloning and characterization of probe 

-Good genome coverage 

-Can be used across species 

-No sequence information 

-Can be used in plants reliably 

-Needed for map based cloning 
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Type of markers Advantages Disadvantages 

Randomly Amplified 
Polymorphic DNA (RAPD) 

-High genomic abundance -No probe or primer information 

-Good genome coverage -Dominant markers 

-No sequence information -Not reproducible 

-Ideal for automation -Cannot be used across species 

-Less amount of DNA 

-No radioactive labelling 

-Relatively faster 

Simple Sequence Repeat (SSR) 

-High genomic abundance -Cannot be used across species 

-Highly reproducible -Sequence information is required 

-Fairly good genome coverage 

-High level of polymorphism 

-No radioactive labelling 

-Easy to automate 

-Multiple alleles 

Amplified Fragment Length 
Polymorphism (AFLP) 

#NAME? -Very tricky due to changes in 

-High level of polymorphism patterns with respect to materials  
used -No need for sequence information 

-Can be used across species -Not reproducible 

-Work with smaller RFLP fragments -Need to have very good primers 

-Useful in preparing contig maps 

Sequence-Tagged Site (STS) 

-Useful in preparing contig maps -Laborious 

-No radioactive labelling -Cannot detect mutations out of the target 

-Fairly good genome coverage sites 

-Highly reproducible -Need sequence information 

-Can use filters many times - Requirement of cloning and characterization of probe 

Table 2 Comparisons of the most commonly used markers

S.no. feature RFLP RAPD AFLP SSRs SNPs 

1. DNA Require (μg) 10 0.02 0.5-1.0 0.05 0.05 

2. DNA Quality High High Moderate Moderate High 

3. PCR Based No YES YES YES YES 

4. No. of Polymorph loci analyzed 3-Jan 1.5-50 20-100 3-Jan 1 

5. Ease of Use Not easy Easy Easy Easy Easy 

6. Amenable to automation Low Moderate Moderate High High 

7. Reproducibility High Unreliable High High High 

8. Development Cost Low Low Moderate High High 

9. Cost per analysis High Low Moderate Low Low 

Table Continued
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In addition, Kumar et al.,15 made comparisons of the most 
commonly used markers as given below:

Identification of DNA polymorphism between different 
groups through molecular markers has become worthwhile. These 
polymorphisms either being a single nucleotide changes, small or 
large insertions and deletions or length variation in repeat sequences 
provides significant information of the locus in the genome associated 
with a particular phenotypic character. The linkage map prepared can 
be utilized to relate the marker loci to a particular plant phenotypic 
data obtained from field trials and laboratory or glasshouse 
experiments.16 Each marker loci is genetically characterized in a 
segregating population and recombination frequency among alleles 
at each pair of loci is determined using concept of classical linkage 
and markers are arranged in linear order in linkage map. The distance 
between loci is expressed as map units given in centiMorgans (cM) 
where one map unit is equal to 1% recombination. Several computer 
programs viz. MAPMAKER, THREad mapper, QTL IciMapping 
etc. are available which generates a map once markers have been 
applied to a segregating population. Creation of linkage map allows 
developing markers which can efficiently mark the polygenic traits 
and in addition assists in identifying the genes associated with the 
traits which will enhance the speed and precision of crop improvement 
in the coming days.

QTL detection for physiological traits
Comprehensively, genetic level based selection where markers 

linked to the gene(s) or quantitative trait loci (QTLs) underlying 
the trait screened is the precise approach of selection. For the plant 
breeders to have a better understanding of the genetic correlation 
among important traits, QTL mapping of physiological traits will be 
very valuable. As determining physiological traits on routine basis is 
time consuming as well as expensive. In such case, QTL mapping 
assists as a potential approach to facilitate efficient incremental 
improvement of specific individual target traits. DNA markers closely 
linked to QTL responsible for the expression of a physiological trait 
once identified the identified loci can be successfully used to enhance 
the genetic advance through marker assisted selection. For dissection 
of genetic control of a number of traits QTL mapping has become 
a standard protocol. Moreover, with the availability of wide range 
of markers and powerful statistical analysis tools the application of 
QTL mapping has been facilitated in identifying genes, alleles and 
physiological processes that are biologically vital. QTL analysis is 
based on the principle of detection of association between phenotype 
and the genotype of markers. In this, first of all the mapping 
population is categorized into different genotypic groups on the basis 
of presence or absence of a particular marker locus and then significant 
difference between groups with respect to traits under consideration 
is determined.17 If significant difference between phenotypic means of 
the genotypic groups exists it designates that the marker loci is linked 
to the QTL that governs or influences the trait.

Steps involved in QTL mapping are: 

i.	 development of appropriate mapping populations segregating for 
trait of interest [F2 or Fx derived families, backcross (BC), double 
haploids (DH), recombinant inbred lines (RILs) and near isogenic 
lines (NILs)], 

ii.	 precise phenotyping for related traits (morphological characters, 
agronomic traits, disease and pest scores, drought resistance, etc.), 

iii.	 deciding the type of marker(s) and identification of polymorphism, 

iv.	 genotyping of the mapping populations with polymorphic markers, 

v.	 construction of genetic maps using statistical programs and 

vi.	 QTL mapping using both genotypic and phenotypic data.18,19 

Single–marker analysis, simple interval mapping and composite 
interval mapping are the three widely–used methods for detecting 
QTLs.17,20 Single–marker analysis is the detection of QTLs associated 
with single markers. This includes statistical methods like t–tests, 
analysis of variance (ANOVA) and linear regression for the analysis. 
Among these, linear regression is the most common used one because 
in this the coefficient of determination (R2) from the marker explains 
the phenotypic variation arising from the QTL linked to the marker. 
Whereas, simple interval mapping (SIM) instead of analyzing single 
markers utilizes linkage maps taking up one marker interval at a time 
and analyses intervals between adjacent pairs of linked markers along 
chromosomes simultaneously.21 SIM has become the standard method 
for mapping QTL as use of linked markers for analysis compensates 
for recombination between the markers and the QTL and has been put 
into practice in several freely distributed software packages.20,21 Once 
the candidate gene or the markers associated with the trait of interest 
has been identified the next step is their utilization in the breeding 
programme. Here, Marker assisted backcrossing (MABC), marker 
assisted recurrent selection (MARS) and genome wide selection 
(GWS) is few important approaches which can be taken up. MABC 
is the process in which the QTLs are introgressed into the recipient 
parent (breeding lines) without linkage drags i.e. transfer of any 
undesirable genes from donors.22 However, MARS that engross the 
use of F2 base population involves intermating of selected individuals 
in each selection cycle can be efficiently used in self pollinated 
crops.23–25 In addition, MARS can also be used for Multiple QTLs 
controlling the expression of a complex trait which is a constraint in 
case of MABC.

Often, from the perspective of a plant breeder, grower or an end 
user the most important trait is the yield. However, yield taken as a 
‘single’ trait is actually the most complex trait which is the end result 
of the direct and indirect effect of many physiological processes 
interacting to different levels contributing to the final biomass of 
the crop. Thus, a better understanding of physiological processes 
individually along with their interaction turning out in a handy end 
product is the prime objective. Here QTL mapping can play a major 
part both at the basic research as well as in applied breeding programs 
to boost the crop variety and productivity. The most fundamental 
of plant processes such as photosynthesis, through growth and 
development along with the secondary functions such as response 
to stress, all have important implications for crop yield. Through a 
number of different physiological processes which have been studied 
at the molecular level to underline the potential for marker–assisted 
breeding even for complex traits, examples of how QTL mapping can 
and is being applied to increase understanding of plant physiology and 
will subsequently impact on plant breeding will be demonstrated. This 
section will cover the aspects of photosynthesis, nutrient absorption, 
flowering, drought tolerance and water use efficiency. 
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Mapping QTLs relevant to photosynthetic 
potential

Research associated to mapping QTLs relevant to photosynthetic 
potential was initiated because the conversion of unusable sunlight 
into usable chemical energy occurs in many steps and many factors 
contributing to efficiency intimately associated with the actions of 
the green pigment chlorophyll, of course the process is complex. 
However, the trait does not lend to huge scale screening of segregants 
in a breeding program. The leaf photosynthesis dimension is difficult 
at field scale. Hence, the process needs to be split into a range of 
processes and factors of significance, then through endeavors be ready 
to map these factors. Certain factors have a role in determining the 
plants possible photosynthetic potential, viz., such as chlorophyll 
content, gas diffusion, water availability, leaf size, root properties, 
and temperature. Teng et al.,26 substantiated in rice the photosynthetic 
rate, chlorophyll content, stomatal resistance, and transpiration rate 
from the parents and a doubled haploid (DH) population containing 
127 lines and established a map from this population. This was done 
by means of restriction fragment length polymorphism (RFLP) and 
simple sequence repeat (SSR) markers, viz., mapped on chromosome 
4 and 6, two putative QTLs for net photosynthetic rate (qNPR–4 
and qNPR–6), respectively. In the similar fashion, on chromosome 
1, 3 and 8, three QTLs (qCC–1, qCC–3 and qCC–8) for chlorophyll 
content were detected respectively , whereas one QTL for stomatal 
resistance (qSR–4) was identified on chromosome 4 and two QTLs 
for transpiration rate (qTR–4 and qTR–7) on chromosome 4 and 7, 
respectively (Figure 1). 

Figure 1 QTL map for photosynthesis and related physiological traits in rice 
NPR, net photosynthesis; CC, chlorophyll content; SR, stroatal resistance; TR, 
transpiration rate.

In addition, working on low temperature and water stress, the 
interrelationship amid photosynthesis and other physiological traits 
have been highlighted. The combination of high light intensity 
and low temperature can cause photosynthetic inhibition of 
photosynthesis. This might be due to number of factors that include 
the ability to develop a functional photosynthetic apparatus at low 
temperature and the susceptibility of enzymes in the C4–cycle. 
Jompur et al.,27 observed that in maize when grown under chilling 
stress, photosynthetic performance along with shoot biomass were 
affected under low temperature and accordingly QTL’s were mapped 
for a number of attributes. Of them, on chromosome 6, a major 
QTL for the cold–tolerance of photosynthesis was identified, which 

alone explained 37.4 of the phenotypic variance in the chronic 
photoinhibition at low temperature. This was significantly concerned 
in the expression of six other traits including the rate of carbon fixation 
and shoot dry matter accumulation. The main QTL on chromosome 
6, responsible for cold–tolerance, was also detected for the relative 
nitrogen content of the shoot at 15˚C, but with a negative sign of 
additively suggesting that it contributes to an increase in growth and 
photosynthesis and a decrease in the nitrogen content of the shoot. 
Therefore, cold sensitivity is not due to nitrogen deficiency and the 
tolerance to photoinhibition is a key factor in the tolerance of maize 
to low growth temperature. Following these, some common genetic 
basis of regarding cold–tolerance of photosynthesis in different 
maize germplasm was suggested. Photosynthetic traits like net CO2 
uptake, stomatal conductance, and abscisic acid have been measured 
in relation to water stress too. Hence, exemplifying through these 
precise experiments the relationships between traits and their final 
manifestation as of yield traits and their potential.

QTLs in absorption and assimilation of 
nutrients

Green plants synthesize their own organic compounds from the 
raw materials to survive in an inorganic environment. As seen in 
the last section, the raw materials most needed for photosynthesis 
are carbon dioxide and water which supply carbon, oxygen, and 
hydrogen, the predominant components in organic molecules. Carbon 
dioxide is obtained from the air through the leaves and water from 
the soil through the roots for the synthesis of carbohydrate that makes 
up the bulk of dry weight of the plant. Nitrogen is present in amino 
acids and two important amino acids also contain sulfur. Phosphorus 
is contained in ATP and magnesium in chlorophyll. Other elements 
must be therefore supplemented mainly from the soil, hence the 
development of fertilizer regimes in agriculture. Modern fertilizers 
are often designated by their ratios of N–P–K. These three elements 
are getting eliminated at a rapid rate from the soil and needs to be 
replenished if crops are to continue to flourish. Therefore, for making 
breeding successful for improved Nutrient use efficiency (NTUE) a 
number of conditions need to be met: 

i.	 need of exploitation of constructive genetic variation in NTUE; 

ii.	 Need of understanding the genetic basis of the trait; and 

iii.	 Understanding the physiological elements of nutrient efficiency 
and defining suitable selection criteria is needed. 

Functions of leaves and roots essential to nutrient absorption 
must therefore impact greatly on plant biomass. Plant modeling of 
nutrient uptake suggests that the important determinants responding 
to soil nutrient supply, soil moisture, soil temperature are changes in 
root length and surface area.28–30 Thus, water uptake capacity of roots 
is the fundamental for crop productivity and the capacity of uptake 
depends on the absorption area of roots (degree of root extension), 
which is determined by complex root morphology. The lateral roots 
occupying more than 90% of the total length of the root system plays 
a significant role in water uptake. To date, studies have been carried 
out to identify QTLs associated to root morphological features such 
as root mass and depth, root axis length and lateral branching.31–33 
Among other factors, effects of QTLs on the plant against boron 
toxicity at high concentrations have been identified34 and 17% 
grain yield differences have been found due to differences in boron 
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concentrations. An et al.,35 detected several QTLs under low and high 
nitrogen conditions and demonstrated that greater seedling vigor 
of root and shoot influences increased nitrogen uptake in wheat. A 
number of studies taking Common bean (Phaseolus vulgaris L.) as the 
most widely studied species, efforts have been done to associate the 
root architecture and developmental traits with QTLs for phosphorus 
uptake or utilization efficiency.36–44 Three QTLs contributing to 
phosphorus acquisition efficiency (Pup4.1, Pup7.1, and Pup11.1) 
in the field were found linked to some of the QTLs associated with 
root gravitropism,36 suggesting that root gravitropism contributes to 
phosphorus use efficiency (PUE). Some promising work has been 
done in this direction in rice to improve PUE. A QTL linked with 
phosphorus uptake (Pup 1) has been identified conferring significant 
improvements in growth and yield in upland rice under low soil 
phosphorus.45–47 The use efficiency of many nutrients at physiological 
and molecular bases are, in general, poorly inferred and often only 
defined in broad terms. Therefore, a great potential for significant 
yield improvement depends on the comprehension and optimization 
of physiological processes related with plant nutrient uptake. In this 
context, the rapid development of an array of molecular and genomic 
techniques which aids in understanding the genetic basis of the traits 
and their mechanism will surely offer an opportunity to overcome the 
impediments that have stalled the progress so far.

QTLs involvement in flowering
Development of plant is seasonal with flowering and erstwhile 

developmental processes happening at particular times of the year. 
The reproductive success of plants depends on the critical timing 
of the transition to flowering, viz., photoperiodism (the response 
to day length) and vernalization (the response through exposure to 
a period of cold). Genes determine the flowering time that control 
vernalization response. Individual genes that have qualitative effects 
on these responses have been identified using molecular markers. The 
intricate interactions among genes of these three classes often result 
in continuous variation in flowering time that is usually analyzed by 
quantitative trait loci (QTL) techniques.48 The flowering inhibition 
in short day plant and stimulation of flowering in long day plants 
involves the operation of phytochrome. Photoperiodism is an example 
for physiological preconditioning. The most prominent current 
advances in our understanding of the genetic control of the timing 
of flowering have come from work on Arabidopsis. The hypothesis 
that the transition to flowering is under multifactorial control is duly 
supported by the genetic analysis of flowering time in pea, cereals, and 
Arabidopsis. For control of flowering time, multiple genes have been 
identified in different species. Equivalences between transmission of 
the vernalization signal and of DNA methylation patterns suggested 
that vernalization may result from a change in DNA methylation 
of specific gene(s), allowing expression of these genes which 
subsequently triggers flowering.49

 The critical day length firmly controls the expression of many rice 
flowering–time genes and the molecular genetic pathway has been well 
characterised, (Figure 2)50,51 viz., Hd3a and Ehd1 are expressed in the 
morning under SDs, whereas Ghd7 is expressed in the morning under 
LDs. OsGI expression shows a daily circadian oscillation with a peak 
at the end of the light period.52 Analyses revealed a comprehensive 
series of QTLs involved in natural variation in flowering time and 
clearly demonstrated that a limited number of loci [Hd1, Hd2, Hd6, 
RFT1, Ghd7, DTH8 (Ghd8:Hd5), and Hd16] explaining a large part of 
the varietal differences in flowering time.53 Consequences indicate that 
a large portion of the phenotypic variation in heading date and day–

length response can be generated by combinations of different alleles 
at these loci.53,54 Through appropriate allele combinations, it should 
be possible to develop rice lines with flowering times ranging from 
extremely early to extremely late. Besides these, the maize flowering–
time mutants include INDETERMINATE 1 (ID1)55 (orthologous to 
rice flowering–time gene EHD2) and DELAYED FLOWERING 1 
(DF1).56 Both mutants generate more leaves than the wild type and 
act within the autonomous pathway. In addition, the flowering–time 
QTL on maize chromosome 8, VEGETATIVE TO GENERATIVE 
TRANSITION 1 (VGT1), has been positionally cloned using a 
combined biparental and association mapping approach.57

Figure 2 Flowering-time genes in rice with regulatory network in accordance 
with SD (short day) and LD (long day) circadian clocks at the top.

Genes which responds for vernalization are termed as VRN genes 
and are mainly exploited in the epigenetic control of expression 
of flowering locus. Similarly, genes associated with day length 
sensitivity are termed as photoperiod (PPD) genes. The VRN and PPD 
genes cloning and identification of the influence of variation at these 
loci have led to greater precision in the optimization of flowering 
time. In addition, matching the appropriate photoperiod response 
to agro–environment is of meaning, as exemplified by an estimated 
35% yield advantage in wheat associated with the photoperiod–
insensitive Ppd–D1a mutation in southern European environments.58 
Vernalization requirement in wheat and barley is quantitative and 
controlled predominantly by orthologous VERNALIZATION 1 
(VRN–1), VRN–2, and VRN–3 loci located at collinear chromosomal 
locations,59 with early flowering vernalization nonresponsive alleles 
at all three loci epistatic to late flowering vernalization–responsive 
alleles. Further, VRN–1 is thought to positively regulate expression 
of cereal FT–like 1 (FT1) genes, which show high homology to the 
Arabidopsis floral pathway integrator, FT. Indeed, collinear cereal 
VRN–3 vernalization response loci have recently been found to be 
encoded by mutations within FT1 genes, which are upregulated under 
inductive LD photoperiods once the vernalization requirement has 
been met.60–62 VRN–1 genes appear to be activators of flowering, 
which are upregulated by vernalization, allowing the plant to respond 
to inductive photoperiods. In fact, the cloning of VRN1, VRN2 and 
FT facilitated progress in understanding how flowering is regulated 
by vernalization and day–length in cereals. The gene sequences of 
VRN1, VRN2 and FT, as well as PPD–H1, should be useful to cereal 
breeding programs.
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Above and beyond, vernalization promotes spring flowering in 
many ecotypes of Arabidopsis. The central regulator of vernalization 
induced flowering in Arabidopsis is a MADS box transcription factor 
gene, FLOWERING LOCUS C (FLC).63,64 FLC is a floral repressor 
that delays both the transition to reproductive apex development 
and long–day promotion of flowering until plants have experienced 
vernalization.63,64 FLC represses transcription of two floral promoters; 
FT and SUPPRESSOR OF OVER–EXPRESSION OF CONSTANS 1 
(SOC1), a MADS box transcription factor that promotes the transition 
to reproductive apex development.65,66 FLC is expressed at high levels 
in plants, which have not experienced vernalization,63,64 and the FLC 
protein binds to sequences in an intron of FT and the promoter of 
SOC1 to repress transcription of both these genes,67 which delays 
flowering. Vernalization represses transcription of FLC.63,64 The 
degree to which FLC is repressed is relative to the duration of cold 
exposure, permitting quantitative changes in flowering time in 
response to different lengths of vernalization. Just about the time of 
meiosis, repression of FLC ceases, permits the vernalization response 
to be reset in the next generation.64

Drought tolerance
With the advancement in the field of crop physiology, systematic 

plant phenotyping and genomics a better understanding towards 
the gene network offering new tools for plant improvement against 
drought tolerance coupled with increase in yield have been developed 
in the crop breeders.68 The response to drought stress is a complex 
and polygenic trait at the molecular level. A number of genes that 
respond to drought stress at transcriptional level have been recognized 
by means of high–throughput molecular studies.69 Several QTLs for 
drought tolerance have been identified for major and important crop 
species like rice, maize, wheat, barley, sorghum, pearl millet, soybean 
and chickpea. Important traits for which QTLs have been identified 
which include: 

i.	 Yield and yield–contributing traits under water–deficit conditions 
(wheat, maize, rice, soybean and pearl millet), 

ii.	 Physiological responses including water–soluble carbohydrates, 
osmotic potential, osmotic adjustment, relative water content, 
chlorophyll content, grain carbon isotope discrimination, flag leaf 
rolling index, leaf osmotic potential, chlorophyll and chlorophyll 
fluorescence parameters to drought stress (wheat, maize and rice), 

iii.	 Flowering time incuding anthesis to silking interval in maize, 

iv.	 Root traits in rice, maize, wheat, chickpea and soybean, 

v.	 Stay green traits in sorghum and 

vi.	 Nitrogen fixation in soybean. Still, there is no documentation for 
the effect of QTL on the impact of drought on grain quality.

In addition, on one side where plant physiology advances our 
perceptiveness of the complex association of drought tolerance–related 
traits and consequently improving selection efficiency, molecular 
biology and genomics approaches on the other side discovers the 
candidate genes and quantitative trait loci (QTLs) associated with 
these traits. Varshney et al.,70 advocated that although QTLs can be 
organized in crop improvement from end to end molecular breeding, 
candidate genes are the prime targets using genetic engineering for 
generating transgenic. Nevertheless, there is still a wider acceptance 
of products generated through molecular breeding70–72 and Targeted 
Induced Local Lesions in Genome (TILLING)73 than the application of 

genetic engineering approach because of negative public perceptions 
towards biosafety issues and the high–priced regulatory process.

In rice, genes for protection of plants from desiccation through 
stress perception, signal transduction, transcriptional regulatory 
networks in cellular responses to dehydration have been identified.74 
Several major QTLs with large and reliable effects on grain yield under 
drought stress have been identified at IRRI. However, identification of 
major QTLs for grain yield under drought stress and their successful 
introgression in drought susceptible varieties of rice can prove to 
be a successful marker assisted breeding method to overcome the 
challenges of drought stress. This can be supported by the findings 
of Zou et al.,75 who reported that the identified major QTLs were 
effective across water regimes and are appropriate for development 
of varieties combating losses due to different levels of water stress. 
Bernier et al.,76 reported a QTL, qDTY12.1 on chromosome 12 in a 
Vandana/Way Rarem population which improves the grain yield under 
severe drought stress mainly through a slight improvement (7%) in 
plant water uptake under water scarcity. Similarly, Venuprasad et al. 
in 2009 identified two major–effect QTLs, qDTY3.1 and qDTY2.1 
in an Apo/2*Swarna population which had a large effect on grain 
yield under severe lowland drought stress and aerobic environments. 
The major QTLs associated with drought tolerance76,77 are being 
transferred using marker assisted backcrossing into a few Sub1 
varieties that are popular for both drought and submergence prone 
areas, such as Swarna–Sub1 and IR64–Sub1. Further, a consistent 
major–effect QTL for grain yield, qDTY1.1, was identified.78,79 
Recently, in Adaysel/IR64–derived populations four major–effect 
QTLs, qDTY2.2, qDTY4.1, qDTY9.1, and qDTY10.1 have been 
identified.80 In addition to this, 23 QTLs linked to plant phenology 
and production traits under stress using meta–analysis, have also 
been identified.81 SNAC1 gene, under drought condition is induced 
in guard cells mainly which encodes a NAM, ATAF and CUC (NAC) 
transcription factor with transactivation activity.82–84 Over expression 
of stress–responsive rice SNAC genes such as SNAC1, OsNAC6/
SNAC2 and OsNAC5 improves drought tolerance. Significant level of 
improvement for drought tolerance in rice was observed when there 
was an over–expression of TFs like AREB185 and DREB/CBF.85–87

Thus, identification of QTLs with major effect independent of 
genetic background not affected by genotype–environment interaction 
and devising an efficient and effective approach of breeding for the 
introgression of the major QTLs is the prerequisite.88 In this regard, 
Malosetti et al.,89 suggested multitrait multi–environment (MTME) 
QTL models which can be helpful in identifying the genome regions 
accountable for genetic correlations and how these genetic correlations 
are influenced by environmental conditions. 

Besides these, for accumulating complementary physiological 
traits in selected progeny, the conceptual models of drought–adaptive 
traits for strategic trait–based crossing have been found helpful. The 
significant steps to assess the variation leading to increase in genetic 
gain include: 

i.	 Classification of crossing block lines for stress–adaptive 
mechanisms, 

ii.	 Strategy based crossing among parents with diverse but potentially 
complementary physiological trait expression, which ascertains 
cumulative gene action in selected progeny, and 

iii.	 Early generation selection (EGS) of bulks for canopy temperature 
(CT).90,91 
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iv.	 Morphological traits viz., maintenance of turgor, leaf rolling 
initiation, cuticular wax, root characteristics like deep and course 
root with greater xylem vessel radii and lower axial resistance to 
water flux can be used as measures for scoring drought tolerance.

Water Use efficiency
Mounting demand of food supply and risk of frequent drought 

due to climate change coupled with diminishing fresh water supplies 
has drawn the attention of researchers to enhance “agricultural water 
productivity” through agronomic and genetic means.90,92,93 Therefore, 
better understanding of water use efficiency (WUE), a major challenge 
to global agriculture is of immense need.94 Till date, very few studies 
have been conducted to measure WUE as WUE is a complex 
quantitative trait. Presence of genetic variation within species and 
among species encouraged plant breeders to develop selection criteria 
for improving WUE.95–97 On the other hand, it was also observed that 
traits responding to high WUE are often associated with low yield 
potential.97,98 For this reason, till date, very few studies have been 
conducted to measure WUE and being a complex quantitative trait, 
its study becomes more tiresome. Many scientists have suggested 
that direct measurement of WUE at plant level is the most accurate 
method for evaluating WUE as it has the advantage of monitoring the 
complete growth cycle along with significant indexes like biomass 
and yield.99–101 Several plant characters have been found that influence 
WUE. Physical attributes of plant influencing WUE comprise canopy 
size and architecture (influences evapotranspiration, leaf transpiration 
and photosynthesis); leaf size and orientation (heat load and radiation 
interception); leaf morphology and anatomy (stomatal conductance, 
water holding capacity) and root anatomy and architecture (water 
transport efficiency). Apart from this, biochemicals and enzymes like 
ABA, an important stress hormone also plays a role in controlling 
loss of water. Among physical attributes, leaf characteristics are the 
probable supreme factors contributing for transpiration efficiency 
(TE). Expression of KNOX 1 gene present in most of the eudicots 
controls the variation in leaf shape complexity.102,103 Another trait, 
pubescence can also be helpful in case of increased resistance to 
water vapour diffusion. For this a single dominant gene SPUB has 
been identified in Brachypodium distachyon, whose expression can be 
manipulated and utilized in crops like wheat and barley.104

In the last decade, the research has progressed focussing on finding 
the genes playing a significant role in influencing WUE and genes 
mainly involved in signalling, water transport or transcription of 
processes that affects transpiration efficiency and have been identified. 
The major advancement in manipulating the WUE became possible 
when a gene ERECTA, a leucine–rich repeat receptor likes kinase 
(LRR–RLK) was identified in Arabdiopsis thaliana that regulates 
the coordination between photosynthesis and transpiration.105 
Several transcription factors which control the expression of 
many genes influencing stomatal density and ABA signaling have 
also been documented. GTL 1 was found to be associated with 
stomatal development and overexpression of HARDY, an AP2–
ERF–like transcription factor induced thicker leave in Arabdiopsis 
thaliana.106,107 In addition to this, DREB 1 associated with increased 
antioxidant activities during drought response108 has been expressed 
in groundnut97,109 and ABP 9 which takes part in ABA–dependent 
signaling pathway has been exploited to isolate drought and high 
temperature tolerant transgenic Arabdiopsis.110

Moreover, aquaporins, a membranous channel proteins serving as 
channel in transfer of water plays crucial role in the control of water 

content of cells. Overexpression of a tobacco aquaporin NtAQP1 in 
tomato has been found which enhanced the transpiration efficiency 
without any yield penalty (Sade et al. 2010). Adding to this, a few 
regulatory genes that contribute both directly and indirectly for 
WUE regulating transpiration efficiency have also been identified. 
ESKIMO 1 gene which encodes a protein of unknown function is 
associated with the regulation of processes responding to osmotic, 
salt and ABA treatments and has been found beneficial in maintaining 
water balance.111 ABA–inducible HVA1 gene of barley is another 
gene associated with ABA signaling has shown positive effect for 
transpiration efficiency.112 This HVA 1 has been utilized in production 
of transgenic wheat having larger root system and improved 
transpiration efficiency.113 Thus, genetic variation existing for traits 
having direct effect on WUE should be exploited and exhaustive 
research to determine the traits and genes influencing WUE both 
under well irrigated as well as water limited conditions is needed.

Heat tolerant related morpho–physiological 
traits

High temperature is the major factor that limits growth and 
development in transitional and warm climatic regions. High summer 
temperature ranging from 35°C to 40°C could restrain growth, 
inhibit photosynthesis, and several physio–morphological features, 
which might be much more detrimental a stress in the future, as the 
global temperature is rising on an average by 1–4.5°C over the next 
50years. The development of improved heat tolerant cultivars is now 
necessity under the crucial circumstances for mitigation of heat stress 
damage. Consequently, genetic variability could be evaluated by both 
phenotypic characters like morpho–agronomic traits, physiological 
traits besides molecular data. Phenotypic characters are useful tools 
for a preliminary assessment because they could rapidly insight 
into the range of diversity.114 Despite these, molecular markers 
significantly reveal natural germplasm diversity of crops. Further, 
the markers could directly characterize the genome of organism. The 
microsatellites or simple sequence repeats (SSRs) are now favoured 
at length for diversity analysis due to their simplicity, repeatability, 
and high polymorphism levels115–120 among the various PCR–based 
markers available for genetic characterization. Molecular markers 
detected the entire genome as a substitute of only the regions 
responsible for the manifestation of the traits of interest.121 Therefore, 
to classify plant genotypes in evaluation and utilization of genetic 
resources, genetic diversity and pre–breeding programs, molecular 
markers would be integrated with phenotypic characters.122 Evaluation 
of genetic variation by the morpho–physiological characterizations in 
response to heat stress and by comparing and integrating the matrices 
of the heat tolerant–related morpho–physiological data and molecular 
data are thus initiated to measure genetic diversity of plants. The heat 
tolerant–related morpho–physiological traits are growth rate (GR), 
evapotranspiration rate (ET), survival rate (SR), and leaf chlorophyll 
content (CHL) followed by DNA isolation and SSR analysis.123 The 
Power Marker program, which is a comprehensive set of statistical 
methods for genetic marker data analysis, is used to measure 
polymorphic information content (PIC) and gene diversity.124 

Even though the QTL approaches have not been used in breeding 
for heat tolerance on a large basis, some QTLs have been identified 
in crop species that may be applicable. Frova and Sari–Gorla (1994) 
identified QTLs controlling pollen germination and pollen tube growth 
in maize and Yang et al. 2002 identified QTLs related to grain–filling 
duration on the short arms of chromosomes 1B and 5A in wheat. 
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Recent studies have shown that heat tolerance is under relatively 
simple control125–128 and hence few QTL analyses have been completed 
and molecular markers have yet to be developed for marker–assisted 
selection (MAS). Using Genotype–by–Sequencing (GBS) approach 
SNP markers can be developed which can used for mapping traits in 
diverse species. Utilizing GBS approach, one of the first linkage maps 
in wheat using genotype by sequencing SNP (GBS–SNP) markers to 
extreme response to post anthesis heat stress conditions comprising of 
972 molecular markers (538 Bin, 258 AFLPs, 175 SSRs, and an EST) 
has been reported. Five QTL region identified through composite 
interval mapping showed significant association with response to heat 
stress. Regions of 7A, 2B and 1D chromosomes were found associated 
with plasma membrane damage; 6A, 7A, 1B with Spad chlorophyll 
content; and 6A, 7A and 1D with thylakoid membrane damage.129 The 
identified QTLs can be used for marker assisted breeding program in 
wheat for improved heat tolerance. In rice, QTL qHTSF4.1 showing 
consistent performance across different genetic backgrounds has been 
identified which could be used as an important source for enhancing 
heat tolerance in rice at flowering stage.130

Certain techniques for identification of 
putative molecular markers associated with 
root traits

Drought–adapted plants are often characterized by deep and 
vigorous root systems, since root associated traits play a crucial 
role in maintaining canopy hydraulic conductance with high carbon 
assimilation in drought.131,132 Such studies provide more detailed 
information of root and associated physiological traits relationships 
under drought and identification of markers linked to such traits 
with the limited polymorphic markers by employing Single Marker 
Analysis (SMA). QTL maps could be used for long–term, drought 
breeding. Some of the techniques have been detailed to identify the 
markers linked to root and associated physiological traits. 

Phenotypic analysis
The moisture regime of 70% field capacity (FC) is imposed for 

seedlings establishment in carbonized rubber containers. Gravimetric 
approach is followed to maintain 70% FC, where potted plants 
were daily weighed to add water which is evapotranspired.133 The 
observations are recorded during treatment period, cumulative 
water is added, evaporation, evapotranspiration are recorded. After 
the treatment period, root traits such as root length (cm), number 
of secondary roots, root dry weight (g/plant), shoot dry weight (g/
plant), and root to shoot ratio are recorded. Besides, morphological, 
gravimetric, and gas exchange parameters were also recoded.134

Genomic DNA extraction
Leaves are frozen in liquid nitrogen and stored at −80°C. DNA 

is extracted from frozen leaves using cetyltrimethyl ammonium 
bromide (CTAB) method.135 For the CTAB technique, 900µL of 
CTAB extraction buffer is added to lyophilized leaf tissue in 2mL 
Eppendorf tubes and then lightly vortexed. The tubes are placed in hot 
water bath (65°C) for 45min and mixed with 400µL of chloroform: 
isoamylalcohol (24:1) and centrifuged for 15min.The aqueous layer is 
collected, and 800µL of isopropanol is added to precipitate the nucleic 
acids. Nucleic acid pellets are washed with 400µL of 70% ethanol, 
dried, and resuspended in 100 µL of Tris–EDTA buffer (10mM Tris 
with pH 7.5 and 0.5mM EDTA).

Polymerase Chain Reaction (PCR)
RAPD (Random Amplified Polymorphic DNA, Operon 

Technologies) primers are used to genotype mapping population. 
Polymerase chain reaction is carried out in 15µL reaction containing 
1x buffer, 2mM dNTPs, 2.5mM MgCl2, 5µM primer, and 1U Taq 
DNA polymerase (NEB). Amplification is performed with the 
following thermal cycle profile:940C/4min hot start denaturation, 
followed by 35 cycles of 940C for 1min, primer annealing at 380C 
for 1min, extension at 720C for 2min, and a final extension at 720C 
for 8min. The PCR is performed using Eppendorf thermocycler 
(Eppendorf, Hamburg, Germany). The PCR products are run on 
1.5% agarose gel at 90 volts for 1h 30min and amplified fragments 
are documented using Hero Lab Gel Documentation system (Inkarp). 
SSR (simple sequence repeats) primers for polymerase chain reaction 
are synthesized based on the information available in plant genome 
database. PCR amplification is carried out with 15µL reaction 
mixture having 50ng DNA, 1x PCR buffer, 100µM dNTPs, 250µM 
primers, and 1 unit Taq polymerase enzyme (NEB). Amplification is 
performed with the following thermal cycle profile: 950C for 5min, 
followed by 35 cycles of polymerization reaction, each consisting 
of denaturation at 940C for 15s, annealing at 600C for 45s, and an 
extension step at 720C for 1min. A final extension step is run for 
5min at 720C. The PCR is performed using Eppendorf thermocycler 
(Eppendorf, Hamburg, Germany). The PCR products are run on 6% 
polyacrylamide denaturing gels. Amplified fragments are detected 
using a silver–staining procedure (Promega, Madison, WI, USA).

Study of parental polymorphism
The contrasting parents for root traits are screened with 320 RAPD 

and 55 SSR markers. The polymorphic RAPD bands are visually scored 
for the presence or absence and in SSR analysis the segregating band 
from the female parent, male parent and heterozygous individuals of 
F1 mapping population. The binary data is used for further statistical 
analysis. Based on the segregation of RAPD markers in the mapping 
population, the putative genotypic interpretation of the parents for the 
marker locus is made and the Chi–square test is performed (http://
www.physics.csbsju.edu/stats/chi–square form.html). 

Association of identified polymorphic 
markers with physiological traits

Single point analysis17,136 for detecting the association of molecular 
markers with complex physiological and morphological traits is done 
using SAS software. To find the amount of variability explained by 
these markers, regression (𝑅2) values are worked out by one–way 
analysis of variance (ANOVA), by general linear model (GLM) 
procedure. In this analysis, different traits are treated as dependent 
variable and the various molecular markers as independent variables. 
A total of 30 different physiological and morphological traits are used 
to associate with the 85 polymorphic molecular markers.137 

Conclusion
There are dissimilar types of markers, viz., morphological, 

biochemical and DNA. The molecular markers utilizations are based 
on DNA polymorphism. These DNA based markers are differentiated 
into hybridization based (RFLP) and PCR based markers (RAPD, 
AFLP, SSR, SNP, EST etc.) and amongst others, the microsatellite 
DNA marker has been now most widely used due to its easy use 
by simple PCR. Molecular markers in preponderance have been 
developed either from genomic DNA libraries (e.g. RFLPs and 
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SSRs) or from random PCR amplification of genomic DNA (e.g. 
RAPDs) or both (e.g. AFLPs) and can prove to be very practical for 
a multiplicity of purposes pertinent to crop improvement. In plant 
breeding programme, phenotypic and molecular markers can prove 
to be equally important. Crop models require detailed information 
which takes into account genetic relationships among traits and QTLs. 
Physiological models are needed to be created to define new ideotypes 
and to draw breeders’ attention to appropriate targets for selection. As 
abiotic stress tolerance is a multi–genic trait, the identification of robust 
marker gene(s) conferring the traits related to enhanced tolerance 
might prove to be elusive. The focus of research should be given on 
dissecting traits that enhance adaptation to stress conditions. QTL 
mapping or gene discovery through linkage and association mapping, 
QTL cloning, candidate gene identification, functional genomics 
along with transcriptomics, can be used to understand crop responses 
to different physiological traits. Dissecting complex phenotypes into 
their constituting QTLs will offer a more direct access to hit valuable 
genetic diversity regulating the adaptive response to stress conditions 
(drought, salinity etc.). Candidate genes can be identified through 
positioning consensus QTLs with more precision through meta–QTL 
analysis.

Since genetic variations exist in crop plants for most of the 
respective traits, more research is needed to determine their relative 
influence on TE under well–watered as well as water–limited 
conditions. Genetic variation in photosynthetic efficiency and 
transpiration will drive research to identify mechanisms and genes 
controlling WUE expecting rapidity in breeding efforts. Moreover, 
research is needed to demonstrate that improvements in TE will 
improve yields in different environments. This also necessitates 
studies crop–wise for identifying genetic material with high water 
use efficiency; developing diagnostic tools for more efficient 
incorporation of these traits into sorghum hybrids targeted for water–
limited cropping systems and taking measurements of photosynthetic 
and transpiration rate (gas–exchange) under dryland environment. All 
the more, there is a wider acceptance of products generated through 
molecular breeding and Targeted Induced Local Lesions in Genome 
(TILLING) than the application of genetic engineering approach 
because of the high–priced regulatory process and negative public 
perceptions of bio safety limit. 

QTLs are now known to involve in natural variation in flowering 
time and clearly demonstrated that a limited number of loci [Hd1, 
Hd2, Hd6, RFT1, Ghd7, DTH8 (Ghd8:Hd5), and Hd16] explaining a 
large part of the varietal differences in flowering time.53 Consequences 
indicate that a large portion of the phenotypic variation in heading 
date and day–length response can be generated by combinations of 
different alleles at these loci. The identification and introgression 
of major–effect QTLs for grain yield under reproductive–stage 
drought stress in drought–susceptible rice varieties have been 
suggested as an appropriate MAB strategy. Drought–adaptive 
traits for strategic trait–based crossing have been found helpful for 
accumulating complementary PTs in selected progeny. However, the 
challenge is to identify QTLs of major effect that are independent 
of genetic background, not affected by the genotype–by–environment 
interaction, and to devise more effective breeding approaches for the 
application of the resultant markers. 

It is highly suggestible to measure water use or ET for the whole 
growing season. One of the problems associated with the measurement 

of WUE in the field is that water use or ET includes water loss by soil 
evaporation as well as transpiration by the crop so that changes in WUE 
may reflect changes in soil evaporation rather than changes in plant 
production/transpiration. Pubescence as a trait may be beneficial in 
the drier climates expected for the future because greater atmospheric 
CO2 due to climate change will increase the gradient for CO2 diffusion 
into the leaf. Conversely, the development of improved heat tolerant 
cultivars would be a key way in alleviation of heat stress damage. In 
breeding protocols, availability of information about genetic diversity 
among parental materials with relevant selective traits would improve 
the development of high stress tolerant cultivars. This also calls for 
identifying heat tolerance and sensitive accessions with distant groups 
for breeding prominent heat tolerant cultivars.138–142

Deep and vigorous root systems are often characterized in 
drought–adapted plants, since root associated traits play a crucial 
role in maintaining canopy hydraulic conductance with high carbon 
assimilation in drought. Hence, certain techniques foridentification 
of putative molecular markers associated with root traits are also 
important, viz., phenotypic analysis, genomic DNA extraction, 
polymerase chain reaction (PCR), study of parental polymorphism, 
association of identified polymorphic markers with physiological 
traits and so on. Therefore, specific types of markers make their 
importance in understanding the genomic variability and the 
diversity between the same as well as different species of the plants. 
Genetic mapping through molecular markers is necessary not only 
for the reliable detection, mapping and estimation of gene effects 
of important agronomic traits, but also for further research on the 
structure, organization, evolution and function of the plant genome.
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