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Wheat (Triticum aestivum) is the second most important food crop in India only after
rice and providing food for about 2 billion people which is about 36% of the world
population. Annual production of wheat and rice together should be increase by 2 mt
every year in order to maintain self-sufficiency for wheat in India. The demand of
wheat is projected to be 109 mt by 2020 in India. Globally, the demand for wheat by
the year 2020 is forecasted to be around 950 mt. This target will be achieved only, if
the global wheat production would be increase by 2.5% per annum. This must be
achieved under reduced water availability, a scenario of climate change and increasing
the temperature mainly at the time of reproductive stage. The major factors behind
yield plateau are different kinds of abiotic stresses which significantly restrict from
expressing the full yield potential of existing wheat varieties/ genotypes and are
eventually seen into reduces or stagnated the actual yield production. Major problem
faced by the wheat-growing areas of South Asia is high temperature stress and
terminal heat stress. Some possible ways to break the yield plateau under these kinds
of abiotic stresses are to identifying the allelic sources for heat tolerance and their
introgression into elite lines through conventional breeding, modern biotechnological
and molecular tools are an important area for future research. A novel approach in
plant breeding for tolerance to abiotic stresses is to identify the genomic reasons
strongly associated with resistance/ tolerance and further utilization thereof to develop
resistant/tolerant genotypes along with appreciable yield performance. Hence, this
review briefly explains about to explore the updated information and tagging/mapping
of genes/QTLs for heat tolerance in wheat to be used for crop improvement under
breeding for mankind.

Introduction

Scenario of wheat cultivation

Wheat is one of the most important staple
food crops of the world, occupying 17% of
crop acreage worldwide, feeding about 40%
of the world population and providing 20% of
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total food calories and protein in human
nutrition (Gupta et al., 2008). It is considered
to be the second most important food crop in
India only after rice and providing foods for
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about 2 billion people which is about 36% of
the total world population. In Indian
subcontinent India, Nepal, Bangladesh and
Pakistan are major wheat producing countries.

Wheat is cultivated over a wide area all over
the world and is grown on an area of about
224.82 million hectare and production of
about 732.98 million tonnes with productivity
of 3.26 tonnes per hectare (Anonymous,
2015a). Half of the total cultivated area under
wheat, is located in less developed countries
where there have been steady increase in the
productivity since green revolution, mainly
through genetic improvements in vyield
potential (Reynolds and Borlaug, 2006). In
India, wheat is grown on an area of about
30.37 million hectare which produces 90.78
million tonnes of wheat with a productivity of
2.99 tonnes per hectare (Anonymous, 2015b).
However, to feed the continue increasing the
population, it has been projected that yields of
rice, maize, and wheat must increase by at
least 70 % before 2050 (Furbank and Tester,
2011).

Impact of Climate Change on Wheat

The demand of wheat is estimated to be 109
million tonnes by 2020 as stated by
Nagarajan, 2005 in article “Can India
produce enough wheat even by 2020?” In this
context a significant progress has been made
in wheat production after green revolution
due to the efforts from national agricultural
research system and the efforts from
CIMMYT, Mexico under leadership of Dr.
MS Swaminatan and father of green
revolution and Novel Prize winner Dr. NE
Borlaug, it is a matter of great concern that
the plateau for highest yield level has been
persisting since last decade. Globally, the
demand for wheat by the year 2020 is
forecasted to be around 950 million tonnes
(Singh et al.,, 2011). This target will be
achieved only, if global wheat production will
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be increased by 2.5% per annum (Singh et al.,
2011). This must be achieved under reduced
water availability, a scenario of climate
change and increase in temperature. The
major factors behind vyield plateau are
different kinds of abiotic stresses which
restrict from expressing the actual yield

potential of the cultivated wheat
varieties/genotypes that eventually are
observed into  reduced/stagnated yield

production of the crops because of stress.

The effects of global warming are being felt
in India, with the most significant impact
being experienced in the Eastern Gangetic
Plains Zone in the form of shorter winters and
the onset of significantly higher temperatures
much earlier than normal. The significance of
high temperature (heat) stress in limiting
productivity of wheat in India was first
indicated by Howard (1924) who stated that
““Wheat growing in India is a gamble in
temperature”. This statement is valid even
today (Sharma et al., 2002). The cultivation
of wheat is limiting by temperature at both
ends of the cropping season and high
temperature stress has an adverse effect on
wheat productivity. A decade ago, 40°C
before March 30 was uncommon in the
eastern  Gangetic  Plains. Now such
temperatures occur frequently even before
March 30, with 40°C being recorded, on
average, around one week earlier than normal.
Therefore, there is a new urgency to efforts to
develop genotypes which are either tolerant to
terminal heat stress or could mature very early
and escape from the stress without yield
penalty caused by heat or terminal heat stress.

Heat stress a Key threat to Wheat
production

The scenario for wheat in India is undergoing
the following major changes: the cool period
for the wheat crop is shrinking, while the
threat of terminal heat stress is increasing
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(Rane et al., 2000; Sharma et al., 2002). This
makes the wheat crop vulnerable to different
stresses. Major problem faced by the wheat-
growing areas of South Asia is high
temperature stress, mainly terminal heat stress
(Joshi et al., 2007a) and high temperature
stress for wheat is defined as when the mean
average temperature of the coolest month is
greater than 17.5 °C (Fischer and Byerlee,
1991).

Both the proximity to the equator and the
popular cropping systems, which involve late
sowing of wheat, are the major causes of
exposure of wheat in India and other
neighbouring countries to high temperatures
during grain filling (Tandon, 1994; Rane et
al., 2000). Effect of high temperature is
particularly severe during grain filling; which
leads to the yield loss up to 40 % under severe
stress conditions (Hays et al., 2007). The heat
stress is estimated to affect some 40% of
irrigated wheat grown in less developed
countries (Joshi et al., 2007) representing
about 13.5 million hectare in India alone
(Joshi et al., 2007a).

Based on some current predictions it is
foresaid that by the end of this century, mean
day-time temperature in South Asia would be
risen by up to 4 'C (IPCC Climate and
change, 2007), causing the transformation of
as much as one half of the Indo-Gangetic
plain into an environment which is sub-
optimal for wheat production (Ortiz et al.,
2008). Modeling has suggested that grain
yield in this area will fall by 3-17% per 1°'C
increase in mean air temperature. It is
therefore recommended to design a breeding-
led approach to adapting wheat to elevated
temperature environments (Reynolds et al.,
2007; Singh et al., 2007). The genetic basis of
high temperature tolerance in wheat is not
very well understood; to date it has been
assessed largely by monitoring the response
of grain yield (Yang et al., 2002; Singh and
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Trethowan, 2007; Pinto et al., 2010), grain
filling duration (Yang et al., 2002), grain size,
canopy temperature depression (Reynolds et
al., 1994; Ayeneh et al.,, 2002), a heat
sensitivity index (Mohammadi et al., 2008;
Mason et al., 2010; Paliwal et al., 2012) or
various senescence-related traits
(Vijayalakshmi et al., 2010) to exposure to
high temperature.

The Directorate of Wheat Research, being
nodal centre for wheat research in the country
has been instrumental in screening of large
number of wheat genotypes at hot spot
locations for heat stress under AICW&BIP
network.

The major cooperating centres identified in
the country for screening material for heat
stress include Karnal and Hisar in NWPZ,
Varanasi and Sabour in NEPZ; Indore,
Jabalpur, Bilaspur, Sagar, Vijapur and
Junagarh in Central zone and Dharwad, Akola
and Pune in the Peninsular zone. The efforts
made under coordinated system resulted in
identification of sources of heat tolerance
such as WH 730, CBW 12, NIAW 34, NIAW
845, RAJ 4037 and HD 2808 which are being
used in breeding programme.

There is a new urgency for efforts to develop
genotypes that are either tolerant to terminal
heat stress or that mature early (without a
yield penalty) and thus escape the stress.
Wheat cultivars that have been recommended
for planting under delayed sowings of the
Indo-Gangetic Plains are PBW 373, RAJ
3765, and UP 2425 for the NWPZ; and, HUW
234, HUW 510, NW 1014, HW 2045, HD
2643, HP 1744, DBW 14, and NW 2036 for
the NEPZ. Despite the release of a multitude
of varieties over the last 20 years, HUW 234
(released in 1986) is still the dominant variety
in the eastern Gangetic Plains (Joshi et al.
2007a).
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Way to Combat against Climate change
with reference to wheat Heat Stress

Some possible ways to break the yield plateau
under these kinds of abiotic stresses are
increasing area under production along with
good crop management or by developing
varieties with enhanced genetic tolerance to
get a required output level. Since the increase
in area does not seem to be practical, the only
pragmatic approach available is the utilization
of genetic tolerance.

Conventional Wheat heat stress breeding

Conventional breeding aims are to screen the
large genotypes and select the desirable
genotype for trait of interest is only based on
phenotypic observation, in order screening of
wheat germplasm lines for selecting the
promising heat tolerance genotype based on
phenotypic data were performed through
above mentioned approach during early stage.
In order to exploit phenotypic selection the
breeding line for heat stress must have
desirable variability. Conventional breeding
method like pure line, pedigree method, Bulk
scheme, single seed descent method, back
cross breeding has increase the yield up to 3
% (Singh and Singh, 2015). This variability
were exploited by several author in order to
screen their germplasm based on heat
susceptibility index, membrane thermo
stability, canopy temperature depression and
stay-green character (Reynolds et al., 2001).
Grain weight under heat stress during grain
filling is a measure of heat tolerance (Tyagi et
al., 2003; Singha et al., 2006). Selection
based on the phenotype of the plant is
influenced by environment. Hence there is an
urgent need to inclusion of tools which are
environmentally neutral like DNA Markers.

Need of Molecular Breeding

Identifying allelic sources for heat tolerance
and their introgression into elite lines through
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conventional  plant  breeding, modern
biotechnological and molecular approaches
(Ortiz et al., 2008) are an important area for
future research. A novel approach in plant
breeding for tolerance to abiotic stresses is to
identify the genomic reasons positively
associated with tolerance and further
utilization thereof to develop the tolerant
genotype with appreciable yield performance
and desirable for another ergonomical
important trait as well.

To date, the extent of success in identifying
genetic markers associated with terminal heat
tolerance in wheat, and indeed other crop
species, has been limited. Robust marker-trait
associations are considered to be a pre-
requisite for an efficient marker-assisted
breeding program (Kato et al., 2000), and
these are most effectively achieved through
quantitative trait locus (QTL) mapping
(Patterson, 1998).

Mapping of desired genomic regions using
SNP genotyping are becoming popular mainly
due to their precise and high throughput
results. Use of RIL populations for mapping
of QTLs is considered to be highly
advantageous due to the facts that multiple
selfing events increase the recombination
events which allow a finer mapping of QTLs.
More importantly, once the RILs are
established having fixed genotypes as
homozygote, these lines can be repeatedly

used for investigating QTLs of various
phenotypes under different environments
provided the parents involved were

contrasting for the trait of interest.

Relevant studies related to Marker assisted
heat tolerance in wheat

Yang et al., (2002) studied the genetic basis
of heat tolerance in wheat using Ventnor
(heat-tolerant) and Karl 92 (heat-susceptible)
cross in F, generation and found that two SSR
markers namely Xgwml1l and XgwmZ293,
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linked with QTLs responsible for heat
tolerance and these QTLS were associated
with grain filling. Whereas Mohammadi,
(2004) studied the effect of post-anthesis heat
stress in RILs of wheat and concluded that
kernel weight and kernel weight reduction are
the best measurements of heat tolerance,
hence these traits can be used for studies such
as quantitative trait loci mapping. Patil et al.,
(2008) evaluated wheat genotypes for
terminal and continual heat stress tolerance
and reported that the reduction in grain
number in terminal heat stress environment
was due to sudden increase in temperature
during grain growth period.

Mason et al, (2010) identified QTL
associated with heat susceptibility index
(HSI) of yield components in response to a
short term heat shock during early grain
filling in wheat. The HSI was used as an
indicator of yield stability and a proxy for
heat tolerance. QTL analysis identified 15 and
12 QTLs associated with HSI. The results of
this study validate the use of the main spike
for detection of QTLs for heat tolerance and
identify genomic regions associated with
improved heat tolerance level.

Moshatati et al.,, (2012) reported the
significant effect of sowing date, cultivars and
their interaction on vyield and other traits.
Highest grain vyield (5.949 t/ha) were
produced in sowing dates of 6" December
consider timely sown and the lowest grain
yield (1.690 t/ha) was produced in sowing
dates of 4™ February which is consider very
late.

Garg et al., (2012) envisaged the involvement
of a complex phenomenon including a
number of physiological and biochemical
changes for terminal heat stress tolerance and
these are governed by multiple genes. They
explained 29.89 % and 24.14 % phenotypic
variation for grain weight per spike and
thousand grain weight respectively based on
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the single marker analysis. One SNP
molecular marker was detected between heat
tolerant genotype (K7903) and heat
susceptible genotype (RAJ4014) and the
analysis of amino acid sequence showed that
the base transition (A/G) positioned at 31
amino acid resulted in missense mutation
from aspartic acid to asparagine residue. This
is the first report of HSP (HSP16.9) derived
SNP marker associated with terminal heat
stress in wheat.

Aryal et al., (2013) elucidated the response of
twenty drought tolerant wheat genotypes to
different dates of sowing and found the
significant reduction in grain yield under late
sown that was exposed to terminal heat stress.

Hossain et al., (2013) evaluated eight spring
wheat cultivars under three heat stress
conditions (early, late and very late) in order
to identify suitable cultivars to develop heat
tolerant genotypes resistant to future global
warming. Results from the study indicate that
BARI Gom-26, Shatabdi and Sufi have the
greatest potential to be used as high-yielding
wheat genotypes wunder warm to hot
environments and could be used in a breeding
programme to develop heat-tolerant wheat
genotypes.

Mondal et al., (2013) explained Canopy

Temperature  Depression  (CTD)  was
positively associated with grain yield, thereby
suggesting that cooler canopies may

contribute to higher grain yield under normal
as well as high temperature stress conditions.

Pandey (2013) utilized difference in grain
filling rate between the timely and late sown
conditions as a phenotypic parameter to find
association with molecular markers in a set of
111 RILs derived from Raj 4014, a heat
sensitive genotype and WH 730, heat tolerant
cultivar using with 300 SSR markers out of
which 15% (45) were polymorphic between
parental lines. Using these polymorphic
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markers they found significant association of
dGFR of RILs with two markers viz., Xbarc04
and Xgwm314 with coefficients of
determination (R?) values of 0.10 and 0.06,
respectively through regression analysis.

Pandey et al., (2014) evaluated mapping
population (RILs) and screened parental lines
with approximately 300 SSR markers out of
which about 20% showed polymorphism
which was eventually utilized for genotyping
a subset that had clear contrasting variation
for difference in thousand grain weight
between the timely and late sown conditions.
With  Regression analysis they found
significant association of difference in
thousand grain weight of RILs with two
markers viz., Xpsp3094 and Xgwm282 with
coefficients of determination (R?) values of
0.14 and 0.11, respectively.

Pinto and Reynolds (2015) studied common
genetic basis for canopy temperature
depression under heat and drought stress,
associated with optimized root distribution in
bread wheat. Under water stress, the cool
genotypes showed a deeper root system
allowing the extraction of 35 % more water
from the 30-90 cm soil profile. The strategy
under heat was to concentrate more roots at
the surface, in the 0-60 cm soil layer where
water was more available from surface
irrigation. Since cool genotypes showed better
agronomic performance, they concluded that
their QTL are associated with more optimal
root distribution in accordance with water
availability under the respective stresses.

Sharma et al., (2015) explained that wheat
genotypes differed significantly in their
response to high temperature. Among 25
SSCP variants detected in HSP 16.9 targeted
coding sequence, 12 were polymorphic and
three of them were found significantly
associated with canopy temperature (CT),
relative water content (RWC), thousand grain
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weight (TGW) and normalized difference
vegetation index (NDVI). These associated
alleles explained range 11.4 to 32.9% of the
variation for individual trait. The association
between HSP variants and these traits may
provide new insight for HSPs potential
contribution to thermo-tolerance which can be
used for improvement of thermo-tolerance in
wheat through marker assisted selection.

List of QTLs identified for heat tolerance
mentioned in tables 1, 2, 3 and 4. Hence, with
this information robust QTLs can be choosen
and introgressed into an elite variety and
screening of breeding material can be done
using robust marker tightly linked with heat
tolerance for crop improvement.

Desirable traits for measuring the heat
tolerance in wheat (Kumar et al., 2013)

Yield traits

Plot yield (Fisher et al., 1998)

Thousand grains weight (Shpiler and Blum,
1991)

Grain filling duration (Randall and Moss,
1990)

Number of effective
(Richards, 1996)

tillers per plant

Morphological traits

Early ground cover (Richards, 1996)

Stay green (Zhao et al., 2007)

Epicuticular wax/leaf glaucousness (Richards,
1996)

Leaf rolling (Araus, 1996)

Biomass (Reynolds et al., 2001)

Physiological traits

Canopy temperature (Reynolds et al., 1994)
Photosynthetic rate (Rijven, 1986)
Chlorophyll content (Al-Khatib and Paulsen,
1984)
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Chlorophyll fluorescence (Azam et al., 2015)
Stomata conductance (Reynolds et al., 1994)
Stem reserve (Mohammadi et al., 2009)
Membrane thermostability (Shanahan et al.,
1990).

Insight into Important Criteria for Heat
Stress Tolerance

Grain filling duration (GFD)

Grain filling duration can be calculated using
the difference between the date of anthesis
and physiological maturity (when the
peduncle turns to yellow). The phenotypic
selection using indirect selection parameters
viz., grain filling duration (Yang et al., 2002b)
for heat tolerance has been done.

Canopy Temperature Depression (CTD)

Developing  cultivars  with  improved
adaptation to drought and heat stressed
environments is a priority for plant breeders.
Canopy temperature is a useful tool for
phenotypic selection of tolerant genotypes, as
it integrates many physiological responses
into a single low-cost measurement (Mason
and Singh, 2014). CTD has shown clear
association with yield in warm environments
shows it association with heat stress tolerance.
CTD shows high with yield and high values
of proportion of direct response to selection
(Reynolds et al., 1998). Canopy temperature
can be recorded on each plot (4 rows) using a
handheld infrared thermometer on bright
sunny days between 1 and 3 pm. For each
plot, measurements were made at
approximately 0.5-1 m distance from the edge
of the plot and approximately 50 cm above
the canopy with an approximate angle of 30°-
60° from horizontal giving a canopy view of
10 cm x 25 cm (Ayeneh et al., 2002). CTD
calculated using the following formula:

CTD Ambient temperature
temperature

Canopy
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Where, ambient temperatures will be
measured in each plot, using a handheld
thermometer.

The phenotypic selection using indirect
selection parameters, canopy temperature
depression (Ayeneh et al., 2002; Reynolds et
al., 1994; 2001) for heat tolerance has been
done. Genotypes having cooler canopies
(higher CTD) showed longer grain filling
period and consequently maintained less
reduction of 1000-grain weight under heat
stress condition. Late planting potential can
be understood by higher canopy temperature
depression during post anthesis heat stress
condition which might be used as selection
criteria (Ray and Ahmed, 2015).

Stomatal conductance

No doubt canopy temperature depression is a
very important criteria for heat tolerance,
however in high humidity area, observing
stomatal conductance will be fruitful.
Because, leaves maintain their stomata open
to permit the uptake of CO, and differences in
the rate of CO, fixation may lead to
differences in leaf conductance that can be
measured using a porometer.

1000- Grain weight

The phenotypic selection using indirect
selection parameters viz., thousand grain
weight (Sharma et al., 2008) for heat
tolerance has been done.

Membrane thermostability

In presence of heat stress membrane will be
affected severely. Hence checking membrane
thermostability by measuring solute leakage
from tissue is good estimate to membrane
damage. Fokar et al., 1998 also states that
membrane thermostability is heritable and
shows high genetic correlation with yield.
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Chlorophyll fluorescence

Chlorophyll fluorescence represents a very
small fraction of the energy that is dissipated
from the photosynthetic mechanism, but it is
widely used to provide information about the
structure and function of the electron
transport chain (Strasser et al., 2004). Plants
exposed to high temperatures exhibit two
opposite effects in the electron transport chain
of photosynthesis. Photosystem | (PSI) is

stimulated by heat (as measured by the rate of
P700" reduction) due to greater reduction of
the plastoquinone (PQ) pool by ferredoxin
(Fd) at high temperatures (Toth et al., 2007).
In contrast, photosystem Il (PSII), particularly
the oxygen-evolving complex, is deactivated
even at slightly elevated temperatures
(Yamane et al., 1998), demonstrating that this
process is especially sensitive to temperature
stress (Pushpalatha et al., 2008).

Table.1 QTL related to the grain filling rate as indicator for heat tolerance genes in the 162 F2
plants population of Debra X Yecora Rojo (Barakat et al., 2011)

Markers QTL (cM) Chromosome LOD R? (%)
Xgwm132-6A 36.6 6A 6.3 7.0
Xgwm577-6B 6.1 6B 50.4 25.0
Xgwm617-7D 17.1 7D 23.9 3.3
Table.2 QTLs for heat stress tolerance (Ali et al., 2013)
Trait QTL Chromosome | Marker Map LOD | R?
distance
(cM)
Chlorophyll content | QChlc.tamu-1B 1B Xbarc128 18 8.0 22.5
at ADPA
Chlorophyll content | QChlc.tamu-1B 1B Xbarc128 18 6.0 453
at 8DPA
Flag leaf | QFlt.tamu-2B 2B Xbarc10 43 4,5 11.0
temperature
depression at 4DPA
Flag leaf | QFlt.tamu-2B 2B Xbarc10 43 4.5 43.8
temperature
depression at 8DPA
Individual kernel Qlkw.tamu-5A 5A Xgwm205 32 4.0 60.1
weight
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Table.3 QTLs for heat stress tolerance in NW1014 (heat tolerant) x HUW468 (heat susceptible)
RILs population (Paliwal et al., 2012)

Traits/QTLs Marker interval Interval Chromosome | LOD % PVE
size (cM)

TGW Xgwm935-Xgwm1273 23.0 2BL 3.4 17.82

QHthsitgw.bhu-2B Xgwm1025-Xgwm745 3.6 7BL 8.7 20.34

QHthsitgw.bhu-7B Xgwm3062—-Xgwm4335 3.1 7DS 3.5 9.78

QHthsitgw.bhu-7D

YLD Xgwm1025-Xgwm745 3.6 7BL 4.4 13.21

QIsYLD.bhu-7B

GFD Xgwm935-Xgwm1273 23.0 2Bl 3.1 20.15

QHthsigfd.bhu-2B

CTD Xgwm1025-Xgwm745 3.6 7BL 6.9 19.81

QHtctd.bhu-7B

Table.4 QTLs associated with high temperature tolerance mapped in the cv. Berkut x cv.
Krichauff Double haploid population using heat susceptibility index (Tiwari et al., 2013)

Traits/QTL Marker interval Interval Chromosome LOD % PVE
size (cM)

HSIGY wmc216-cfd19 2.4 1DL 2.2 10.24

QHY .bhu-1DL

HSITGW wPt9664-cfd083 13.8 1DS 2.6 11.76

QHTgw.bhu-1DS gwme626-wPt4924 3.0 6BL 3.0 13.97

QHTgw.bhu-6BL

HSIGFD gwm349-wPt9797 51 2DL 4.5 21.01

QHGfd.bhul-2DL cfd233- cfd044 29.8 2DL 4.5 20.60

QHGfd.bhu2-2DL wmc065-wmc139 2.2 TAL 2.7 12.27

HGfd.bhul-7AL

HSICT wPt9664-cfd083 0.7 1DS 25 11.72

QHCt.bhu-1DS

Stay green

Stay-green is the term given to a variant in
which senescence is delayed in comparison to
a standard reference genotype (Thomas and
Howarth, 2000; Joshi et al., 2007). Abiotic
stress tolerance is a major feature of stay-
green genotypes, giving stability to grain
yield even in unfavourable environmental
conditions (Luche et al., 2015). Maintenance
of grain filling in the last stage of plant
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maturity has been considered as key to the
success of stay-green genotypes.

Susceptibility indices

Susceptibility Indices for some trait based on
the formula given by Fischer and Maurer
(1978) will be calculated using formula
mentioned below E.g. for heat stress it will be
calculated as:
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Susceptibility Index (SI) of X = [(1-X stress/ X
control)/D]

Where,

X = Trait of interest

X stress = X In heat stress environment

X control = X In control environment

D (stress Intensity) = (1 — X S"®s9/x controly

X %% = Mean of X *"** of all genotypes

X el = Mean of X ©™' of all genotypes

In conclusion, heat is a staple food crop of
India, which is unavoidable from the diets of
Indian population. However this crop is
severely affected by heat stress. To feed the
increasing population it will become
compulsory to breed the promising genotypes
for heat stress tolerance. To do this,
understanding the mechanism/genetics of heat
stress problem and criteria to measure this is
an important strategy and need of the time.
Hence, this review will provide the
information about the wheat heat stress, its
affect to yield loss, linked genes/QTLs or
molecular markers available till date and how
to combat to climate change. In the era of
climate change incorporating the marker
assisted selection is an efficient breeding
strategy. ldentified genomic region will play
an important role for further crop
improvement in terms of introgression of heat
tolerant QTLs into an elite variety or
pyramiding of all heat tolerant genes into an
agronomically  superior  variety/genotype.
Canopy temperature depression, thousand
grain  weight, membrane thermostability,
stomatal conductance, chlorophyll
fluorescence and stay green trait are an
important criteria for crop improvement
against heat stress or terminal heat stress..

Abbreviations

QTL-Quantitative Trait Loci

SNP-Single Nucleotide Polymorphism
RIL-Recombinant Inbred Line
CIMMYT-International Maize and Wheat
Improvement Center
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IPCC-Intergovernmental Panel on Climate
Change
SSCP-Single-Strand
Polymorphism  or
Polymorphism
CT-Canopy Temperature
RWC-Relative Water Content
TGW-Thousand Grain Weight
NDVI-Normalized Difference
Index

HSI-Heat Susceptibility Index

Conformation
Single-Strand  Chain

Vegetation
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