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ABSTRACT

Twelve accessions including two diploid, four tetraploid and six hexaploid genotypes were used in
this study to assess heat tolerance in wheat. All possible crosses were made and the resulted hybrids with their
parents were subsequently evaluated for heat tolerance in two sowing dates. Evaluation was based on 1000
grain weight, grain yield per plant, cell membrane thermostability and tetrazolium chloride reduction. Results
revealed significant variability among wheat genotypes and hybrids in all evaluated traits under favorable and
heat stress conditions. However, tetraploid genotypes showed the highest performance under heat stress
followed by hexaploid and diploid genotypes, respectively. According to results of heat tolerance index, one
tolerant and one susceptible parent from each ploidy level along with 6 related interspecific hybrids were
chosen to be involved in molecular analysis. Target region amplification polymorphism (TRAP) markers were
used based on fixed primers of heat shock protein genes. TRAP clearly confirmed the morpho-physiological
findings and generated a dendrogram which was quietly like that of morpho-physiological data. TRAP was
able to generate one and five specific bands for diploid and hexaploid genotypes respectively, while no specific
bands were generated for tetraploid. In addition, the different genomes showed some shared bands between
each other revealing their relationship. Interestingly, two specific bands for tolerant genotypes of different
ploidy level were generated which were absent in all susceptible genotypes. Findings herein are of high

importance and could help in successive breeding programs for wheat improvement.
Keywords: Triticum, Heat shock protein, PCR, CMS, TTC

INTRODUCTION

Wheat is an important cereal that is used as an
important product for human consumption in most areas of
the world. The genus Triticum is grouped into diploids
(2n=2x=14), tetraploids (2n=4x=28) and hexaploids
(2n=6x=42). Triticum aestivum, the common bread wheat,
contains three different but genetically related genomes (A, B
and D) with a total genomic size of 1.7x10%° base pairs,
illustrating the complex nature of wheat genome (Abd EI-
Fatah et al., 2017).

The main losses in wheat production are due more to
abiotic stresses such as drought, salinity and high
temperatures than to biotic stresses. Therefore, understanding
the effects of these stresses becomes indispensable for wheat
breeding programs that have relied mainly on genetic
variations present in the wheat genome through conventional
breeding. (Abhinandan et al., 2018). Temperature is involved
in determining growth, heading, flowering and wheat
production for that it is one of the important factors in plant
growth (Heo et al., 2020). With the growing worry about
global warming and rising earth temperatures, it is very
important to know the proteins that supply thermo-tolerance
to crop plants. One such gene family involved in heat stress
tolerance is heat shock protein (HSP) family (Kumar et al.,
2020). HSPs play in plants a wide variety of roles including
stress signal transduction, protecting and repairing damaged
proteins and membranes, protecting photosynthesis, and
regulating cellular redox state (Asthir et al., 2015). HSPs are
classified based on their molecular weight, which ranges from
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10 to 200 kDa. There are six major subfamilies of HSPs,
namely HSP100, HSP90, HSP70, HSP60, HSP40, and small
HSP (Kumar et al., 2020).

High temperature affects yield decrease by about 8.0
and 2.6% for corn and wheat, respectively for every Celsius
degree of increase in global average temperature (Zhao et al.,
2017). In addition, the photosynthetic product translocation
rate to different plant parts is reduced under high temperature
stress caused by decrease in membrane stability (Farooq et al.,
2011). Moderate but prolonged time of heat stress outcome to
gradual senescence, while intensive heat stress for a short time
leads to denaturation and aggregation of proteins, resulting in
plant death (Hasanuzzaman et al., 2013).

Many physiological processes in plants are often
measured as a stander of heat tolerance phenotypes. The
electrolyte leakage is an index of reduction of cell membrane
thermostability (CMS) and reverberate the performance of
wheat genotypes subjected to in vitro heat shock (Farooq et
al., 2011). Furthermore, the reduction of tetrazolium triphenyl
chloride is one of the physiological evaluation assays for heat
stress. It is considered as an index of respiratory enzyme
inactivation or mitochondrial dysfunction reflecting the
relative level of cell viability (Tewolde et al., 2006 and Mirza
etal., 2013).

Genetic diversity evaluation at molecular level gave
an important overview to understand the genome variability
among species. Thus, molecular analysis of different related
species would help in successive breeding approaches.
Among several molecular markers available in detecting
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genetic diversity at molecular level, TRAPs (target region
amplification polymorphism) which are based on PCR
amplification of DNA regions related to coding sequences,
open a new route in the assessment of genetic relationship and
diversity among different wheat species, providing
information to understand and exploit polymorphisms that are
mainly associated with functional regions of the genome.
TRAP marker is an efficient method for studying wheat
genomes for polymorphism and to detect marker loci at large
scale and has been shown to be reliable and reproducible in
wheat (Liu et al., 2005; Chen et al., 2006; Li et al., 2006;
Gadaleta et al., 2010). The TRAP technique it appears to be
very efficient relative to other systems where it is a relatively
high-throughput PCR-based marker system. The objectives
of the study were to evaluate wheat genotypes derived from
different species (i.e. diploid, tetraploid and hexaploid) based
on physio-morphological traits related to heat tolerance and to
determine the association of heat tolerance with the different
genomes molecularly.

MATERIALS AND METHODS

Plant materials

The initial plant materials used in the present study
consisted of two genotypes of wild diploid wheat Triticum
monococcum L. (P1: diploid-01 and P»: diploid-02), four
genotypes of tetraploid durum wheat Triticum turgidum L.
var. durum Desf. ( P3: Ciccico, Ps: Bani-Suef-05, Ps: Svevo
and Pg: Sohag-03) and six genotypes of hexaploid bread
wheat Triticum aestivum L. (P7: Kuwaiti-01, Pg: Pavon F-076,
Pg: Gemmiza-09, Pio: Line_1x15, Py Sakha-08 and P
Line_6). Subsequently, two parents of each ploidy level and
six interspecific hybrids were selected for molecular
evaluation based on heat tolerance index, those were: Py
(tolerant), P, (susceptible), Ps (susceptible), Ps (tolerant), Psg
(susceptible), P11 (tolerant), (P1xPs susceptible), (P1xPs
susceptible), (P1xP1; tolerant), (P2xPs susceptible), (PsxP11
tolerant) and (PgxP11 tolerant).

Field experiment:

The field experiments of the present study were
carried out at the Experimental Farm of the Faculty of
Agriculture, Assiut University, Assiut, Egypt.

Traits measurements:

All possible crosses were achieved (2016-2017) and
the resulted hybrids with their parents were subsequently
evaluated under favorable and heat stress conditions (2017-
2018). After the maturity stage, grain yield per plant (g) and
1000- kernel weight (g) were recorded for each individual

plant grown under favorable (1% sowing date: 25 November)
and heat stress (2™ sowing date: 30 December) conditions.
Cell membrane thermostability (CMS) assay:

The CMS assay was carried out according to the
method described by (Fokar et al., 1998). At the beginning of
the flowering stage, flag leaf samples were taken from five
individual plants of each genotype per replicate at the
beginning of flowering.

Tetrazolium chloride (TTC) reduction assay:

Flag leaf samples for the TTC reduction assay were
taken from five individual plants of each genotype per
replicate at the beginning of the flowering stage. The level of
acquired high temperature tolerance was determined by
measuring the percent reduction from TTC to formazan using
(lbrahim and Quick, 2001).

Molecular analysis
DNA extraction:

Total DNA was extracted form high (tolerant) and
low responsive (susceptible) genotypes under heat stress of
parents and their intraspecific hybrids according to morpho-
physiological parameters. The protocol of Youssef et al.,
(2015) for plant DNA isolation was used. DNA concentration
and purity were determined using spectrophotometer and gel
electrophoresis.

Target Region Amplification Polymorphism (TRAP)
analysis:

Ten TRAP primer combinations were used, consisted
of three fixed forward primers related to heat shock proteins
genes, ie. HSP-03 (GQ280382, 70kDa), HSP-05
(LC383647, N1-506) and HSP-10 (GQ240792, Hsp90.3-
Al), in combination with five arbitrary reverse primers (EM-
1,EM-2, EM-3, EM-4 and EM-7) selected form the sequence
related amplified polymorphism (SRAP) reverse primers list.
Primer codes and sequences are shown in Table (1). The
method of Li and Quiros (2001) was followed for TRAP PCR
with some modifications. Each 20-uL amplification reaction
consisted of 2 pL of 10X PCR buffer, 0.8 uL of 50 mM
MgCly, 1.6 pL of 10 uM of each forward and reverse primer,
2.5 puL of 2 mM dNTPs, 25 ng template DNA, and 0.25 pL.
of 5U Tag-DNA polymerase (Invitrogen). PCR conditions
were performed as follows: an initial cycle at 94°C for 2 min;
5 cycles of 94°C for 30 s, 35°C for 30 s, and 72°C for 1 min;
an additional 35 cycles of 94°C for 30 s, 50°C for 30 s, and
72°C for 1 min; and a final extension at 72°C for 5 min. PCR
products were separated on 2.5% agarose gel and visualized
by ethidium bromide staining.

Table 1. Primer sequences and codes used in the molecular analysis.

Codes HSP Sequence (5" — 3) Em Sequence (5° — 3°)

HSP-03/Em-01 ACCTTCTTCTCCGTCAAGCG GACTGCGTACGAATTAAT
HSP-03/Em-04 ACCTTCTTCTCCGTCAAGCG GACTGCGTACGAATTTGA
HSP-03/Em-07 ACCTTCTTCTCCGTCAAGCG GACTGCGTACGAATTATG
HSP-05/Em-01 CAAGAAGGGGCAGCTCAAGA GACTGCGTACGAATTAAT
HSP-05/Em-02 CAAGAAGGGGCAGCTCAAGA GACTGCGTACGAATTTGC
HSP-05/Em-03 CAAGAAGGGGCAGCTCAAGA GACTGCGTACGAATTGAC
HSP-10/Em-01 ACTCGTGATACGTCTGGGGA GACTGCGTACGAATTAAT
HSP-10/Em-02 ACTCGTGATACGTCTGGGGA GACTGCGTACGAATTTGC
HSP-10/Em-07 ACTCGTGATACGTCTGGGGA GACTGCGTACGAATTATG

Statistical data analysis:

All morphological and physiological measurements
were taken under a complete randomized design with three
replicates. Analysis of variance was performed using
MSTATC software (Nissen, 1984). Percentages of

crossability among tested wheat genotypes were compared
using t-test. Morphological and physiological data were used
for cluster analysis based on Euclidean coefficient using
NTSys tool. For molecular data analysis a binary data matrix
recording the presence (1) or the absence (0) of bands was
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made. Only strong and readable bands were detected and used
in the analysis. Some polymorphism measures were
calculated including, percentage of polymorphism,
polymorphism information content (PIC), primer resolving
power (Rp), diversity index (DI) and marker index (MI).
Estimated similarities among wheat parents and hybrids
based on Jaccard’s coefficient (Jaccard, 1908) were used to
perform cluster analysis using unweighted pair group method
with arithmetic means (UPGMA) by NTSys software.

RESULTS AND DISCUSSION

Results

Twelve wheat genotypes from different levels of
ploidy (i.e. 2 diploid, 4 tetraploid and 6 hexaploid) were
preliminarily used as parents in this study. All possible crosses
were performed and the resulted hybrids with their parents
were subsequently evaluated under favorable and heat stress
conditions. The percentage of crossabilty among parents of
different level of ploidy was estimated (Table 2). Results
showed that the percentage of crossability increased
significantly (t-test, P<0.05) within the same cross when the
parent of higher level of ploidy being used as mother parent.
Subsequently, six parents (two from each level of ploidy) and
six related interspecific hybrids were selected according to
heat tolerance based on heat tolerance index of the 1000 grain
weight. These 12 genotypes were furtherly used for molecular
analysis.

Table 2. Averages of percentage of crossability among

wheat genotypes.
Male Female Crossability (%)  Mean
Diploid Tetraploid 70.60+7.24 62.82
Tetraploid Diploid 55.04 +4.95 '
Diploid Hexaploid 4780+ 4.77 39.44
Hexaploid Diploid 31.07+7.15 '
Tetraploid Hexaploid 69.42 +3.85 60.44
Hexaploid Tetraploid 51.46 +4.60 '

Values represent means + standard errors

Morphological evaluation:
1000 grain weight and grain yield per plant:

Vegetative traits (i.e. 1000 grain weight and grain
yield per plant) were measured in each category of parents of
the same ploidy level and the corresponding hybrids as an
average. Results revealed significant variability among wheat
genotypes and hybrids in all evaluated traits under both
favorable and heat stress conditions. 1000 grain weight
ranged from 32.18 to 55.79¢ for diploid (D) and tetraploid x
hexaploid (TH) crosses in favorable environment,
respectively. While, it ranged from 16.56 to 41.28g for D and
T wheat under heat stress, respectively. The hexaploid and
tetraploid wheat genotypes showed the lowest reduction
percentage for 1000 grain weight (20.83 and 23.36%,
respectively) followed by diploid x tetraploid (DT) crosses
(24.42%). The hexaploid and tetraploid wheat genotypes
showed the highest heat tolerance index for 1000 grain weight
(0.79 and 0.77, respectively) followed by DT crosses (0.76)
(Table 3).

Grain yield per plant ranged from 33.64 to 104.38g for
D and T wheat respectively in favorable conditions.
Meanwhile, under heat stress the grain yield per plant ranged
from 4.32 to 15.22g for DT crosses and T wheat, respectively.
The DT crosses and H genotypes showed the lowest
reduction percentage for grain yield per plant (61.53 and

80.82%, respectively) followed by DH (81.91%).
Furthermore, the DT crosses and H genotypes showed the
highest heat tolerance index for grain yield per plant (0.38 and
0.19, respectively) followed by DH (0.18).

Table 3. Mean of 1000 grain weight and grain yield per
plant for D, T, H, DT, DH and TH genotypes
under favorable (F) and heat stress (H)
conditions as well as percentage reduction (%6R)
and heat tolerance index (HT).

1000 grain weight Grainyield per plant
Genotypes—=—1o/R 171 F__H %R HTI
D 32.18 16.56 4854 051 33.64 445 86.77 0.13
T 53.86 41.28 23.36 0.77 104.38 15.22 8542 0.15
H 48.92 38.73 20.83 0.79 44.68 857 80.82 0.19
DT 50.29 38.01 24.42 0.76 27.76 10.68 61.53 0.38
DH 40.76 28.07 31.13 0.69 2388 432 8191 0.18
TH 55.79 38.61 30.79 0.69 5193 7.43 8569 0.14
LSDoo1 104 110 347 068
LSDoos 067 071 223 044

D, diploid wheat, T, tetraploid wheat and H, hexaploid wheat. DT, crosses
D x T, DH, crosses D x Hand TH, crosses T x H.

Means of 1000 grain weight and grain yield per plant
for diploid, tetraploid and hexaploid wheat genotypes as well
as DT, DH and TH inter-specific crosses under heat stress
condition are shown in Table (3). Results refer to the highest
1000 grain weight was observed in tetraploid wheat which
was closely followed by hexaploid, TH and DT genotypes
(41.28, 38.73, 38.61and 38.01, respectively). However, the
grain yield per plant were higher in tetraploid than other wheat
genotypes. Data of 1000 grain weight and grain yield for the
12 selected genotypes are shown in Table (4).

Physiological evaluation:
Cell membrane thermostability and tetrazolium chloride
reduction:

The mean percentages of cell membrane
thermostability (CMS) and tetrazolium chloride reduction
(TTC) for diploid (D), tetraploid (T) and hexaploid (H) wheat
genotypes as well as crosses DT, DH and TH under heat stress
are present in Figure (1). The highest mean of CMS % was
obtained for tetraploid genotypes (46.70%) and followed by
hexaploid (42.36%), likewise the highest mean of CMS %
was observed for the inter-specific crosses TH (44.58%) and
inter-specific cross DT (40.92%). Similarly, the highest mean
of - TTC % reduction was observed for tetraploid wheat
genotypes (43.62%) and followed by hexaploid (40.91%),
also the highest mean of TTC % reduction was obtained for
the inter-specific cross TH (40.56%) and inter-specific cross
DT (38.93%). Data of CMS and TTC for the 12 selected
genotypes are shown in Table (4).

Table 4. Morphological and physiological performance of
the 12 selected wheat genotypes under heat stress.
Grain 1000 grain

Genotype Status yield weight CMS TTC
Diploid-01 (P1) Tolerant  4.66 1500 3957 39.84
Diploid-02 (P2) Susceptible 4.27 1286  32.80 30.39
Ciccico (P3) Susceptible  8.29 36.78 34.37 36.48
Sohag-03 (P6)  Tolerant  9.47 43.39 64.10 53.46
Pavon-F76 (P8) Susceptible 6.24 31.13 29.64 3552
Sakha-80 (P11) Tolerant  7.08 50.20 7726 57.27
P1xP6 Tolerant  11.50 39.79 4890 40.12
P1xP3 Susceptible  4.60 3695 3998 36.07
P1xP11 Tolerant  5.38 3117 5545 40.69
P2xP8 Susceptible  1.87 2233 2275 30.27
P3xP11 Tolerant  13.08 4463 60.39 43.01
P6xP11 Tolerant  14.99 3825 4445 4659
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Figure 1. The % mean of CMS and TTC reduction for D
(diploid wheat), T (tetraploid wheat) and H
(hexaploid wheat) aswell as DT (crossesD x T),
DH (crosses D x H) and TH (crosses T x H)
under heat stress condition. Different letters in
each trait are significantly different according
to Duncan's multiple range test at P=0.05.
Mean squares of grain yield per plant and1000 grain
weight under favorable and heat stress conditions as well as

the CMS % and TTC % reduction under heat stress (Table 5)
revealed highly significant differences (P < 0.01) among
genotypes, providing evidence for the presence of genetic
variability regarding these traits. Highly significant
differences (P < 0.01) were found between D and T, between
D and H and between T and H wheat genotypes for grain yield
per plant and 1000 grain weight under favorable and heat
stressand CMS % and TTC % reduction under heat stress
conditions.

The analysis of variance for CMS %, TTC %
reduction, grain yield per plant and 1000 grain weight among
inter-specific crosses is presented in Table (6). Highly
significant differences (P < 0.01) were found among
genotypes for all studied traits, similarly high significant
differences were obtained between DT and DH, between DH
and TH and between DT and TH inter-specific crosses for
CMS %, TTC % reduction, grain yield per plant and 1000
grain weight under heat stress condition.

Table 5. Mean squares for grain yield per plant and 1000 grain weight under favorable and heat stress conditions as

well as CMS and TTC under heat stress.

Favorable Heat stress
SOV df G.yield 1000 GW CMS TTC G.yield 1000 GW
DvsT
Rep 2 551.02* 3.99 64.79** 56.31** 0.59 7.56
Gen. 12 5411.21** 349.51** 439.61** 209.64** 122.76*%* 404.71**
DvsT 1 17564.8** 3256.23** 470.56** 446.32** 803.27** 4230.15**
Among D 2 6314.81** 300.78** 80.94** 68.98** 0.11 65.93**
Among T 9 3859.99** 37.37** 515.88** 214.60** 74.41%* 54.94**
Error 24 196.23 1.95 1.20 0.91 2.54 213
DvsH
Rep 2 112.78 152 102.49** 96.37** 2.01 26.85*
Gen. 23 1243.59** 331.88** 487.86™* 217.13** 33.75%* 304.37**
DvsH 1 685.00%* 2207.92** 120.28** 222.65** 133.41*%* 3868.35**
Among D 2 6314.81** 300.78** 80.94** 68.98** 0.11 65.93**
Among H 20 764.40%* 241.19** 546.93** 231.67** 32.13** 150.02**
Error 46 190.49 17 0.8 0.67 5.76 6.66
TvsH
Rep 2 19.69** 0.46 142.67** 132.14** 3.94 9.16
Gen. 30 4081.72** 188.56** 532.12** 223.81** 73.75%* 120.92**
TvsH 1 72423.6** 496.58** 382.14** 149.47** 900.24** 132.71*%*
Among T 9 3859.99** 37.37** 515.88** 214.60** 74.41%* 54.94**
Among H 20 764.40%* 241.19** 546.93** 231.67** 32.13** 150.02**
Error 60 200.55 1.38 1.04 0.84 499 5.98

D, diploid wheat, T, tetraploid wheat and H, hexaploid wheat, * and ** indicate significance at 0.05 and 0.01 levels of probability, respectively.

Morpho-physiological data of the 12 selected
genotypes (Table 4) were used to perform cluster analysis
based on Euclidean coefficient. Dendrogram showed clear
relationship among genotypes mainly based on heat tolerance
(Fig. 2). In this regard, the dendrogram divided into two main
clusters. The first main cluster included all susceptible parents
(P2, P3 and P8) and hybrids (1x3 and 2x8) along with the
tolerant diploid parent (Diploid-01) which was joined with the
other diploid parent (Diploid-02). Meanwhile, the second
main cluster was consisted of tolerant tetraploid and
hexaploid parents (P6 and P11) with all tolerant hybrids (1x6,
1x11, 3x11 and 6x11).

Molecular analysis

Target region amplification polymorphism (TRAP) was used
to evaluate the wheat genotypes of different levels of ploidy
as well as their interspecific hybrids for some heat shock
protein (HSP) genes. Out of 15 primer combinations used, 9

were selected and used in analysis based on polymorphism
and band clearness. A total of 91 bands were generated by six
parents and their six hybrids. Out of these bands, 30 were
polymorphic among wheat genotypes and hybrids. The
averaged percentage of polymorphism obtained by TRAP
primers was 32.97%, ranged from 12.50 (HSP-05/Em2 and
HSP-10/Em7) to 62.50% (HSP-10/Em1). Other genetic
diversity measures were calculated, the highest value of
polymorphism information content (PIC) was 0.28 shown by
HSP-10/Em2 combination, while the lowest PIC was 0.05
generated by HSP-03/Em7 with an average of 0.14 (Table 7).
The averaged resolving power of TRAP primers was 2.13,
ranged from 0.83 (HSP-03/Em7 and HSP-10/Em7) to 4.00
(HSP-10/Em2). The highest value of diversity index and
marker index were 0.98 and 1.39 while the lowest values were
0.31 and 0.06, with an average of 0.94 and 0.56 respectively
(Table 7).
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Table 6. Mean squares for grain yield per plant and 1000 grain weight under favorable and heat stress conditions as

well as CMS and TTC under heat stress.

Favorable Heat stress
SOV df G.yield 1000 GW CMS TTC G.yield 1000 Kw
DT vs DH
Rep. 2 25.38 3.15 75.63** 71.0%* 3.99 3.27
Gen. 10 220.40*%* 122.4** 815.9** 257.0** 43.40** 109.00*%*
DT vs DH 1 98.60** 594.40** 199.8** 170.9%* 264.70** 647.20%*
Among DT 7 238.00*%* 88.10** 872.6** 312.4** 20.30** 42.00**
Among DH 2 219.80** 6.5 925.3** 106.3** 13.60** 74.10%*
Error 20 8.4 3.1 1.2 0.7 3.4 6
DH vs TH
Rep. 2 34.83* 15.12 108.84** 92.83** 0.04 24.46*
Gen. 17 1230.20** 494.43** 391.36** 151.07** 38.13** 162.39**
DHvs TH 1 5900.95** 1694.92** 633.40** 340.48** 72.35%* 834.20**
Among DH 2 219.77%* 6.54 925.32** 106.29** 13.63** 74.12*%*
Among TH 14 1040.92** 478.39** 297.80** 143.93** 39.18** 127.01**
Error 34 33.3 14.39 1.18 0.94 5.04 5.68
DTvsTH
Rep. 2 91.96* 19.08 152.90** 134.74** 2.05 37.55*0
Gen. 22 1153.68** 354.00%* 476.72** 192.88** 38.93** 94.45%*
DTvs TH 1 9142.41** 474.02%* 210.23** 41.51** 165.62** 5.69
Among DT 7 237.96** 88.09** 872.64** 312.40*%* 20.34** 42.02**
Among TH 14 1040.92** 478.39** 297.80** 143.93** 39.18** 127.01**
Error 44 27.96 12.16 1.22 1.02 5.34 2.85

DT, crosses D x T, DH, crosses D x Hand TH, crosses T x H. , * and ** indicate significance at 0.05 and 0.01 levels of probability, respectively.
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Figure 2.UPGMA-dendrograms showing relationship
among wheat genotypes based on (a) morpho-
physiological data and (b) TRAP molecular
markers.

Wheat parents differed in their ability of amplification
exposed by different number of bands generated in TRAP
profiles. In this regards, 76, 81 and 84 total bands were
generated by bulked samples of D, T and H parents.
Moreover, the number of polymorphic bands between
tolerant and susceptible genotypes within each group was
different. Diploid plants showed 7 bands (9.21%
polymorphism), while tetraploid and hexaploid plants
showed 11 (13.58% polymorphism) and 6 (7.14%
polymorphism) polymorphic bands, respectively between
tolerant and susceptible parents (Table 7). In addition, wheat
genotypes showed some shared bands between groups of
different ploidy level, which appeared in both parents of each
group. There were, two shared bands between diploid and
tetraploid parents, one shared band between diploid and
hexaploid parents and four bands were shared between
tetraploid and hexaploid parents (Table 7). Furthermore,

diploid parents showed one specific band and hexaploid
parents showed five specific bands, which were absent in the
other groups. While no specific bands were shown by
tetraploid parents (Table 7). TRAP primers were able to
generate two bands specific for heat tolerant parents and
hybrids. Those were, one band generated by HSP-03/Em-1
with 275 bp size and the other band generated by HSP-
05/Em-3 with 350 bp size. The two specific bands were
presented only in genotypes showed heat tolerance while they
were absent in other susceptible genotypes (Table 7).
However, no specific bands were generated for susceptible
genotypes.

Similarities among wheat genotypes from different
levels of ploidy and their corresponding hybrids were used to
perform cluster analysis based on Jaccard’s coefficient and
UPGMA dendrogram method. Grouping of wheat samples
was mainly based on ploidy level and heat tolerance. In this
regard, samples were divided into two main clusters; the first
cluster has two sub-clusters. Diploid parents were grouped in
the first sub-cluster, while the second sub-cluster has two
separated branches of tetraploid parents (Sohag-03 and
Ciccico) along with their corresponding hybrids of the diploid
parent (Diploid-01). Meanwhile, the second main cluster
consisted of the two hexaploid parents (Sakha-8 and Pavon-
76) separately with their hybrids of diploid and tetraploid
parents according to heat tolerance (Fig. 2). UPGMA-
dendrogram showed high values of bootstrapping which
reflect good stability of sample relationship. Molecular based-
dendrogram was quite similar to that based on morpho-
physiological data, especially in some sub-clusters e.g. P11
and its related hybrids, P3 with P1xP3 and the sub-cluster of
the two diploid parents. However, in the molecular based-
dendrogram the grouping was affected mainly by ploidy level
followed by the performance of genotypes under heat stress,
unlike that based on morpho-physiological data which was
mainly due to heat tolerance. Figure (3) showed the TRAP
profiles generated by 10 primer combinations

369



El-Rawy, M. A. et al.

Table 7. Survey of TRAP analysis showing total number of bands, polymorphic, specific and shared bands along with
genetic diversity measures calculated for wheat genotypes.

. TNB Specific Polymorphic Unigue  Shared bands Diversity measures
Primer  TNBNPB %P 53 D T H D T H TL S DT DH TH PIC Rp DI _Mi
HSPO3EmL 9 4 44448 9 8 0 0 0 2 1 1 1 o0 1 0 1 017 250 096 069
HSPO3EM4 14 3 214313 11 14 0 0 1 1 0 1 0 0 0 1 0 010 233 098 0.30
HSPO3Em7 12 2 1667 11 11 11 1 0 O O 0 0 0 0 0 0 1 005 083 050 0.11
HSP-05/Em1 8 2 2508 7 8 0 0 0 2 0 2 0 0 0 0 0 011 133 066 0.22
HSP-05/Em2 8 1 1250 7 7 8 0 0 1 O 0 0 0 0 0 0 0 006 100 0.35 0.06
HSP-05Em3 15 7 4667 13 15 13 0 0 O 1 7 1 1 0 0 0 0 015 300 156 1.04
HSP-10EmM1 8 5 6250 4 7 6 0 0 1 1 1 0 0 © 0 0 1 024 333 142 120
HSP-I0Em2 9 5 5556 4 6 9 0 0 2 O 2 1 0 O 0 0 1 028 400 174 139
HSP-10Em7 8 1 1250 8 8 7 0 0 0 O 0 0 0 © 1 0 0 006 083 031 006
Total 91 30 32977 81 8 1 0 5 7 11 6 2 0 2 1 4 014 213 094 0.56

TNB: total number of bands, NPB: number of polymorphic bands, %P: percentage of polymorphism, D: diploid, T: tetraploid, H: hexaploid, TL:
tolerance, S: susceptibility, DT: diploid x tetraploid, DH: diploid x hexaploid, TH: tetraploid x hexaploid, PIC: polymorphism information content, Rp:
primer resolving power, DI: diversity index and MI: marker index. Primers codes are related to Table (2).
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Figure 3. TRAP profiles generated by 10 primer combinations among 12 wheat genotypes based on heat shock protein
(HSP) genes primers. Arrows showed specific bands for tolerant wheat genotypes.

Discussion

Heat stress is one of the major abiotic stresses which
affect growth and development of plant species. In wheat,
heat affected morphological and physiological behaviors
(Mondal et al., 2013; Igbal et al., 2017), caused reduction in
grain formation and yield (Challinor et al., 2014) and leads to
reduce photosynthetic capacity (Almeselmani et al., 2012;
Ashraf and Harris 2013).

In the present study, crossability was high in crosses
of diploid x tetraploid (DT) and tetraploid x hexaploid (TH)
than that of diploid x hexaploid (DH). This indicates that the
near level of ploidy in parents of a cross is an efficient factor
determining crossability percentage. Moreover, according to
crossability findings in the present study, it was recommended
to use the parent of high level of ploidy as a mother to increase
crossability percentage and to obtain the highest number of
fertile F1 progeny from an interspecific cross. These results
agree with those of Kihara (1982). However, Wang et al.,
(2005) have reported that successful crosses were by
combining tetraploid wheat genotypes as maternal parents
and hexaploid genotypes as the paternal parents which
produced the best percentage of seeds number in hybrids.

Results of the current study indicate that tetraploid and
hexaploid genotypes exposed their heat tolerance more than
that of diploid genotypes. This was reflected by showing
higher 1000 grain weight and grain yield per plant than
diploid plants under stress. However, diploid plants showed
higher values of these traits than both tetraploid and hexaploid

genotypes under favorable conditions. This information
indicated that genotypes used in the study with high level of
ploidy may contained heat tolerance mechanisms more
efficiently than those of diploid plants. In accordance with
these results, Hakim et al., (2012) found that grain yield and
1000 grain weight of wheat genotypes decreased when
exposed to late heat stress due to high temperature. Evidently,
stress may cause reduction in grain-filling during grain-filling
stage (Wardlaw and Moncur 1995), thus the reduction in the
starch content causes yield losses (Balla et al. 2011).
Matching with results of the present study, Karamanos et al.,
(2008) explained that durum wheat having better yields than
bread wheat under stressful conditions. They reported that the
most adaptability varieties with environment were the one
that showed the highly performed in grain yield/plant and
1000 grain weight under heat stress.

Cell membrane thermostability (CMS) and
tetrazolium chloride (TTC) reduction are heat tolerance
mechanisms operating at the cellular level (Gupta et al.,
2010). Cell membranes, as sites of many biological activities,
play a key role in heat-induced wheat damage. On the other
hand, level of reduction of TTC to formazan is an effective
technique for quantifying tolerance acquired at high
temperatures in wheat cultivars and that's because it quantifies
cell viability by a spectrophotometric assay of red formazan
and determines mitochondrial electron transport activity
(Porter et al., 1995). Physiological results of CMS and TTC
assays in the present study confirmed findings of
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morphological evaluation. Thus, tetraploid wheat species
showed the highest heat-tolerance based on CMS and TTC
assays when compared to diploid and hexaploid wheat
species. These results were matched with those of Dias et al.,
(2011). The combination of heat-tolerant x heat-tolerant,
susceptible parents revealed that the parents Sakha-8 and
Sohag-3 may have common genes for heat tolerance for the
characters under study. The inhibition of membrane-bound
enzymes might be responsible for maintaining chemical
gradients in the cell under heat stress, which causes ion
leakage from plasma membranes and lead to loss of
membrane integrity (Reynolds et al., 2001). Results of the
present study in general indicted that the tetraploid wheat
genotypes were the highest heat tolerant than other genotypes,
while the hexaploid came in second place, as it appeared more
heat tolerant than the diploid wheat.

Molecular analysis in this study was performed using
TRAP molecular markers based on specific primers for heat
shock protein (HSP) genes. TRAPs belong to molecular
markers which are based on PCR amplification of DNA
regions related to coding sequences. These markers open a
new path in the genetic relationship and diversity assessment,
providing information to understand and exploit
polymorphisms that are mainly associated with functional
regions of the genome (Hu and Vick 2003). Three primers
related to HSPs were used in combination with five arbitrary
primers of SRAP marker. TRAP profiles confirmed the
morphological and physiological results. In this regard, the
total number of TRAP bands was higher in hexaploid and
tetraploid plants than diploid, matching with genome ploidy
level and level of tolerance. Moreover, the percentage of
polymorphism between the two parents of each ploidy level
was higher in tetraploid followed by diploid and lower
percentage was found with hexaploid parents. This reflected
the amount of genetic variation between each two parents of
the same ploidy level which affected the degree of tolerance
for heat stress.

TRAP primers were able to generate two specific
bands for heat tolerant parents and hybrids generated by HSP-
03/Em5 and HSP-05/Em3. These primers were designed
from HSP genes (GQ280382.1 70kDa and LC383647.1 N1-
506 gene) related to Triticum aestivum according to NCBI
databases. However, the bands are most probably located in
A genome, since all genotypes of different ploidy levels
successfully generated the tolerance-specific bands. The two
specific bands were presented only in genotypes showed heat
tolerance, while they were absent in all other susceptible
genotypes

TRAP has been utilized previously in several
molecular approaches in wheat, including genetic diversity
assessment, screening for abiotic stress, genetic mapping and
association with physiological traits. In this regard, TRAP
markers have been used to determine the genetic diversity in
6 durum wheat genotypes (Al-Doss et al., 2010). TRAP
analysis was efficient to reveal 40.0% polymorphism among
genotypes. Additionally, Moustafa et al., (2014) used TRAP
and SRAP markers linked to QTL for drought tolerance, they
found that results of both markers were valuable and could be
further used in breeding programs for drought tolerance in
wheat. Combining dendrograms of TRAP with other
molecular and morpho-physiological data gives better
grouping and clear relationships among durum (Al-Doss et

al., 2011) and doubled haploid wheat genotypes (Barakat et
al., 2013). Moreover, TRAP was highly efficient in genetic
mapping, generating a large number of markers scattered
across the genome (Menzo et al., 2013). The association of
TRAP markers with some physiological traits (e.g. leaf
chlorophyll content, flag leaf senescence, and cell membrane
thermostability) was reported as an indicator for drought
tolerance genes in wheat (Saleh et al., 2014). Recently, Abd
El-Fatah et al., (2017) used TRAP to distinguish between
bread and durum wheat genotypes, a highly significant
positive correlation was found between TRAP and
morphological data. Some TRAP fragments were unique and
specific for bread wheat. Authors reported that TRAP-1 and
TRAP-7 primers were able to distinguish the durum wheat
from the bread wheat genotypes.

CONCLUSION

Morpho-physiological evaluation for heat tolerance in
wheat performed in this study was highly efficient to
represent the variability among wheat genotypes derived from
different ploidy levels. Interspecific hybrids resulted from
crosses of different responsive genotypes, clearly showed
their inherited performance when they were evaluated against
heat stress. In general, tetraploid genotypes used in the present
study showed higher degree of heat tolerance than the other
two groups. TRAP markers based on fixed primers of HSP
genes used in this study were valuable to show an excellent
relationship among tolerant and susceptible parents of
different ploidy levels as well as their respective interspecific
hybrids. This relationship was mainly based on ploidy and
variability in genes of heat shock proteins examined by
TRAP. The two unique bands specific for tolerant genotypes
are very important, which could be recovered and sequenced
to be used as specific markers for heat tolerance in wheat.
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