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ABSTRACT

Fifty bread wheat lines were evaluated for heat tolerance and compared to some
local cultivars under three sowing dates (November 25", December 15" and January 5%).
Four agronomic traits were evaluated, i.e. No. of spikes per plant, grain yield per plant,
100-kernel weight and harvest index under normal and stress conditions. Analysis of
variance showed highly significant variations among the tested lines and demonstrating
that the main effect of sowing dates was due to the late date. Grain yield per plant was
the most affected trait by heat followed by 100-kernel weight and No. of spikes per plant,
while harvest index showed the lowest reduction due to heat stress. Six lines (L1, L11,
L16, L34, L37 and L41) showed heat tolerance based on high performance in grain
yield/plant by 29.45, 29.75, 27.75, 27.43, 27.37 and 31.90 g, respectively under late
sowing conditions as well as low heat sensitivity index. The sequence related amplified
polymorphism (SRAP) was able to differentiate between bulked DNA samples of lines
with the highest and lowest performance in agronomic traits under heat stress. SRAP
generated 2, 1 and 3 bands specific for lines with high performance of No. of spikes per
plant, grain yield per plant and harvest index, respectively as well as it showed 5 and 3
bands specific for lines with low performance of grain yield per plant and harvest index,
respectively. These specific bands could serve in wheat genotyping and screening, and
might be used as SRAP markers associated with heat tolerance in wheat breeding
programs.
Keywords: Triticum aestivum, Heat stress, SRAP, Grain yield.

INTRODUCTION

Wheat is one of the most widely grown cereal crops, contributing
protein, source of energy and dietary fiber in human nutrition. It is
consumed as food, with an average of 53% in the developed world and close
to 85% in the developing countries. Wheat production reaches over 718.5
million tons produced worldwide in 2013 (FAO 2014). This accounts for
almost one-fifth of global caloric intake.

Heat stress is one of the main abiotic stresses that limit plant
biomass production and productivity, especially in tropical and subtropical
countries (Boyer 1982). High temperatures at the end of wheat-growing
season in Mediterranean climate regions like Egypt are a major abiotic
stress affecting yield and its components. The genetic diversity for heat
tolerance in wheat has been reported (Al-Khatib and Paulsen 1990 and Joshi
et al 2007). The photosynthetic process as well is affected under heat stress
conditions, especially during grain filling stage (Fischer and Byerlee 1991).

The evaluation of different genotypes and/or lines derived from
single seed descent could help in selecting promising genotypes that can



thrive on high temperature and subsequently could be used in further
breeding programs to improve wheat productivity (Ahmad et al 2013). Heat
stress tolerance in bread and durum wheat has been evaluated previously by
both laboratory experiments, e.g. seedling traits and cell membrane stability
(Shafeeq et al 2006, Elshafei et al 2013 and EI-Rawy and Youssef 2014)
and field evaluation of agronomic traits (Kumari et al 2013). However,
abiotic stress evaluation under field conditions gives more authenticity.

Heat tolerance is not controlled by a single ‘thermotolerant’ gene in
cereals. Different components of tolerance determined by different sets of
genes are critical for heat tolerance at different stages of the life cycle and in
various tissues (Maestri et al 2002). Understanding the genetic basis of
tolerance to high temperature is important for improving the productivity of
wheat (Triticum aestivum L.) in regions where the stress occurs (Yang et al
2002). Molecular markers associated with tolerance for abiotic stress are
one of the most important objectives for wheat breeders. Such markers
could be utilized as selectable marker for genotypes screening and/or
detecting major genes involved in abiotic stress tolerance which could be
used in modern DNA technology. Several molecular markers are being used
with wheat for the assessment of genetic variability among genotypes under
normal and stress conditions (Eivazi et al (2007), Salem et al (2008), El
Siddig et al (2013), Soliman and Hendawy (2013) and EI-Mouhammady et
al (2014)). Among which, the sequence related amplified polymorphism
(SRAP) which based on the amplification of the open reading frames
(ORFs) has various advantages, such as high reproducibility, more stable,
simple and more informative (Li and Quiros 2001). These features made
SRAP the best choice for detecting markers associated with heat stress in
this study. SRAP has been used with bread and durum wheat previously for
genotype identification and evaluation under abiotic stress (Zaefizadeh et al
(2009), Al-Doss et al (2010) and (2011), Elshafei et al (2013) and EI-Rawy
and Youssef (2014)).

The present study was conducted to determine the effects of sowing
date and heat stress during grain filling on yield and yield components of
new inbred wheat lines using SRAP markers for detecting markers
associated with heat stress tolerance in wheat.

MATERIALS AND METHODS
Plant material:

Fifty promising bread wheat lines were evaluated under heat stress.
These lines were derived from the two crosses as follow; 24 lines were
derived from a cross between a high yielding local variety “Sids-4” with a
drought tolerant variety “Tokwie” (South Africa) and 26 lines were derived
from a cross between “Sids-4” and “Kasyon/glennson-81” (ICARDA). In
addition some local commercial varieties were used for agronomic
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evaluation comparison; those were Giza-164, Gemmiza-11, Sids-12,
Shandawil-1, Masr-1 and Sahel-1.
Phenotypic evaluation
Heat stress evaluation

Seeds of tested lines and varieties were planted on 25" November as
favorable sowing date ,15" December as the dead line for wheat sowing in
upper Egypt and 5™ of January as a late sowing date (stress condition). After
maturity, four agronomic traits were evaluated under normal and heat stress.
Those were No. of spikes per plant, grain yield per plant (g), 100 kernel
weight (g) and harvest index. The experiment was repeated in two seasons
2012-2013 and 2013-2014 at the Experimental Farm of Faculty of
Agriculture, Sohag University, Egypt. The trend of temperature (0C) during
the two seasons was recorded (Table 1).

Table 1. The trend of temperature (°C) during the two seasons

(2012/13and 2013/14).

Season | Months 2012./ 13 2013./14
Average Min. Max. Average Min. Max.
Nov. 18.7 5.35 32.05 21.93 7.41 36.44
o Dec. 13.31 2.75 23.86 16.75 2.82 30.67
E % — Jan. 14.95 5.00 24.9 15.00 5.00 25.00
) ’g_I&_’. Feb. 16.20 4.85 27.54 16.50 6.00 27.00
Ic¢ Mar. 18.50 7.00 30.00 18.50 7.00 30.00
s Apr. 20.95 8.87 33.02 22.55 8.76 36.33
May 27.61 16.65 38.57 28.24 13.42 43.05

Heat sensitivity index

Grain yield per plant as the most affected trait during filling stage
(Stone 2001) was used for the calculation of heat sensitivity index (HSI).
The formula of Fisher and Maurer (1978) was used:

(%)

HSI =—
(X v, X HI)

Where, X Yy and X Y2 = the grain yield per plant of each genotype
under control (1% date) and heat stress (3" date), respectively, and HI is the
heat intensity.

The heat intensity was calculated for the grain yield per plant to
measure the effect of heat stress on the trait, using the following formula:

Y.

HlI =1- v

1

Where Y1 and Y> = the average of all genotypes for the grain yield

per plant under control and heat stress, respectively.
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Statistical analysis

Randomized complete block design combined over sowing dates and
seasons was used for experimental design, with three replications for each
planting date. Analysis of variance (ANOVA) was carried out using
MSTAT-C statistical program (Nissen 1984).
Molecular analysis
DNA extraction

Total genomic DNA from the fifty lines was extracted at seedling
stage using Dellaporta et al 1983 method with some modifications (Youssef
2012). DNA concentration and purity were measured using
spectrophotometer according to Stulnig and Amberger (1994) and Khirshyat
1.0 micro-program (Youssef 2012). Ten DNA samples of the highest and
lowest lines in four agronomic traits evaluated under stress conditions were
bulked and used for molecular analysis.
SRAP-PCR amplification

Ten SRAP primer sets were selected and used for the molecular
analysis. The core sequence of the forward primer was (5-
TGAGTCCAAACCGG-3), while for the reverse primer it was (5'-
GACTGCGTACGAATT-3"). The selective nucleotides of the ten primer
combinations were: Me6-TAG/Em6-GCA, Me7-TTG/Em9-ACG, Mel0-
TAC/EmB8-AGC, Me8-TGT/Em10-TAG, Me9-TCA/Em7-ATG, Me6-
TAG/Em7-ATG, Me8-TGT/Em9-ACG, Me7-TTG/Em7-ATG, Me8-
TGT/Em8-AGC and Me9-TCA/Em9-ACG. The method of Li and Quiros
(2001) was followed for the SRAP marker system. SRAP-PCR products
were separated on 8% polyacrylamide gel (PAGE) and visualized by
ethidium bromide.
Molecular data analysis

A binary data matrix indicating the presence (1) or the absence (0) of
bands was made from SRAP profiles. Only strong, reproducible and clearly
distinguished bands were used for the analysis. The number of unique and
specific bands for each agronomic trait was registered. The percentage of
polymorphism was calculated by dividing the total number of polymorphic
bands on the total number of bands.

RESULTS AND DISCUSSION

Field evaluation of heat stress

Four agronomic traits were evaluated under normal and heat stress,
in order to assess the heat tolerance and to estimate the variation among 50
wheat lines. Broad ranges were observed for all agronomic traits. A
summary of averages, range and mean of 10 highest lines and 10 lowest
lines is shown in Table (2).

The analysis of variance showed highly significant differences
amongst lines for all agronomic traits evaluated under heat stress (Table 3).
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Table 2. Estimation of minimum and maximum values, mean of all lines, mean
of highest and lowest 10 lines and mean of check local cultivars.
Trait | Date Mean Min Max 10-L 10-H M-cv -+ %
25 Nov. 13.25 7.76 16.30 10.28 | 15.79 11.62 -
NSP (15 Dec. 12.66 7.47 15.83 9.96 14.99 11.28 4.44
5 Jan. 10.28 7.14 12.03 8.20 11.78 9.53 22.37
25 Nov. 3490 | 20.93 | 47.54 27.12 | 43.13 34.97 -
GYP [15 Dec. 31.99 | 18.10 | 44.43 24.31 | 39.74 34.14 8.34
5 Jan. 21.60 | 1254 | 31.90 15.92 | 28.18 26.30 38.11
25 Nov. 4.65 4.00 5.32 4.24 5.02 4.85 -
KW |15 Dec. 4.47 3.86 5.20 4.06 4.87 4.67 3.77
5 Jan. 3.46 2.80 4.22 3.02 3.99 3.48 25.54
25 Nov. 33.54 | 27.63 | 38.90 29.34 | 37.89 35.69 -
HI (15 Dec. 31.40 | 27.02 | 38.11 27.88 | 35.47 33.63 6.39
5 Jan. 29.56 | 25.18 | 35.39 25.98 | 33.52 32.42 11.87
10-L: mean of lowest 10 lines, 10-H: mean of highest 10 lines, M-cv: mean of
local cultivars,

-/+%: percentage of decrease due to heat stress, NSP: No. of spikes per plant,
GYP: grain yield per plant, KW: 100 kernel weight, HI: harvest index.

Table 3. Analysis of variance and mean squares of the tested lines for
agronomic traitsunder heat stress conditions.

Source DF spillzleos'/pc))lfant Gri;raxlteld/ 103\/:?;;?“ Harvest index
YEAR 1 138.89 NS 4140.28 69.07 ™ 1410.78 "
DATE 2 77720 19092.66 ** 142,75 ™ 1285.80
Late vs the rest 1 1501.25 ™ 36971.08 ™ 280.36 1805.08 *
Among Normal 1 53.15 NS 1214.24 NS 5.14 NS 766.51 NS
DATE*YEAR 2 13.39 NS 850.53 NS 3.10N8 52.54 NS
Error A 12 57.31 373.01 7.46 257.52
LINE 55 63.15™ 348.06 1.15™ 137.37™
LINE*YEAR 55 1.60™ 11.53™ 0.15™ 13.71™
LINE*DATE 110 2.75™ 33.27™ 0.27™ 5.59 ™
LINE*DATE*YEAR | 110 0.74™ 5.67™ 0.06 ™ 7.90™
Error B 660 0.15 1.04 0.01 0.62

NS= none significant
*and ** indicate significant at 0.05 and 0.01 probability levels respectively.

Moreover, significant differences were detected for the effect of year
and sowing dates and their interaction with lines, while the interaction
between year and date was insignificant. In addition, the effect of year was
highly significant in all traits except no. of spikes per plant.

The significant effect of sowing date (Table 3) was mainly due to the
difference between the first (25" November) and the third date (5" January)
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where there was insignificant variation between the first and the second
sowing date (15" December).

Heat stress affected the studied traits significantly at the third date.
In this regard, the grain yield per plant was the most affected trait by heat
stress while harvest index was the lowest. Particularly, the reduction due to
heat stress was by 4.44 and 22.37% for No. of spikes per plant, 8.34 and
40.68% for yield, 3.77 and 25.54% for 100 kernel weight and 6.39 and
11.87% for harvest index under the second and third dates, respectively
compared with the first date (Table 2). Furthermore, the average
performance of the highest 10 lines (10-high lines) in all traits under the
third date was higher than the highest performance of local cultivars except
for harvest index, in which cultivars Gemmiza-11 and Sids-12 showed
higher performance. However, some lines showed higher performance than
these cultivars in HI, i.e. L34, L38 and L41. The performance of the tested
lines and local cultivars under heat stress is shown in Tables 4 and 5.

Among the tested lines four of them (L1, L11, L37 and L41)
surpassed in the three traits, No. of spikes per plant, grain yield per plant
and harvest index. While two lines (L22 and L42) preceded in the two traits,
grain yield per plant and 100-kernel weight. Moreover, five lines (L14, L22,
L39, L44 and L47) showed higher performance in 100-kernel weight.
However, none of the local cultivars was able to show high performance in
more than one trait. As under the third date the highest performance shown
by for No. of spikes per plant, yield, 100-kernel weight and harvest index
was by Shandawil-1, Sahel-1, Sids-12 and Gemmiza-11, respectively
(Tables 4 and 5).

Heat sensitivity index values (Table 5) ranged from 0.59 to 1.54. Six
lines (L1, L11, L16, L34, L37 and L41) were relatively heat tolerant (HSI
values < 1), and surpassed in grain yield/plant of 29.45, 29.75, 27.75, 27.43,
27.37 and 31.90 g, respectively compared with local commercial varieties
under late sowing condition representing that these lines were less affected
by terminal heat stress under late sowing conditions.

Molecular analysis of wheat lines under heat

Ten lines were selected for both the highest (10-high) and lowest
(10-low) performance in four agronomic traits evaluated under heat stress
for molecular comparison. Ten SRAP primer combinations were used to
assess the genetic variability between the two bulked DNA of the 10-high
and 10-low lines. The number of bands per primer ranged from 9 to 20 with
an average of 15 bands. The 10 SRAP primers generated a total of 161, 169,
162 and 166 bands in the comparison of 10-high and 10-low lines in No. of
spikes per plant, grain yield per plant, 100-kernel weight and harvest index
respectively (Table 6). SRAP was able to differentiate between the 10-high
and 10-low bulked-lines by generating several unique bands specific for
each, in all tested traits except harvest index (Table 6 and Fig 1).
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Table 4. Mean performance of number of spikes/plant and 100-kernal

weight.
No. of 100 kernel
Genotypes spikes/plant weight
1st 2nd 3rd 1st 2nd 3rd

date date date date date date

1 14.87 14.50 12.53 6.22 6.06 4,72
2 12.93 11.89 11.04 6.46 6.36 4.47
3 15.49 14.32 12.16 6.52 6.16 5.01
4 16.07 14.07 10.95 6.75 6.56 5.35
5 13.33 13.17 10.56 5.72 5.49 4.30
6 11.64 11.05 9.66 6.03 5.93 5.22
7 13.47 13.30 10.51 6.84 6.66 5.562
8 14.94 13.02 9.98 5.49 5.90 4.56
9 10.60 10.14 8.46 7.18 7.11 4.59
10 13.37 12.34 7.63 6.48 6.08 5.06
11 16.36 15.45 11.88 6.16 6.13 4.84
12 13.74 11.80 11.01 6.16 6.09 4.91
13 12.91 12.63 10.74 6.80 6.56 4.42
14 16.14 14.42 11.72 6.43 6.19 5.50
15 16.73 14.93 12.37 6.00 5.89 4.66
16 10.93 10.99 9.64 6.06 5.43 4.52
17 17.06 16.06 12.93 6.46 5.78 4.73
18 13.42 12.46 10.68 6.79 6.48 4.73
19 12.91 12.53 11.21 6.34 6.23 3.84
20 10.82 10.25 8.83 6.48 6.02 4.55
21 12.24 11.85 8.21 6.52 6.38 4.46
22 15.66 14.88 11.61 6.52 6.55 5.49
23 16.06 15.27 10.90 6.90 6.56 4.57
24 12.60 12.32 11.01 5.74 5.57 4.80
25 13.49 13.10 9.86 5.58 5.33 4.08
26 17.03 16.30 12.12 6.41 6.23 4.59
27 15.27 14.57 11.76 6.32 6.02 4.87
28 15.30 14.45 11.93 7.29 7.18 5.76
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Table 4. Cont.

No. of 100 kernel
Genotypes spikes/plant weight

1st 2nd 3rd 1st 2nd 3rd
date date date date date date
29 13.03 12.38 10.53 6.04 5.97 4.38
30 15.05 14.56 12.06 6.52 6.67 5.03
31 16.01 15.15 11.36 6.28 6.06 4.09
32 11.57 11.52 10.03 5.70 5.60 4.25
33 14.49 14.07 12.49 6.61 5.82 4.28
34 13.83 13.17 11.46 5.99 5.72 4.37
35 15.24 14.33 11.41 6.35 6.16 5.31
36 12.34 11.33 9.51 6.15 5.90 5.15
37 14.70 14.33 11.90 6.52 6.20 4.50
38 12.53 12.23 10.67 6.56 6.31 4.12
39 16.52 15.80 11.96 6.26 6.58 5.31
40 14.23 14.02 12.38 6.64 6.29 4,51
41 17.01 16.08 12.21 6.32 5.99 4,14
42 15.61 14.50 11.61 6.54 6.34 5.21
43 10.59 10.35 9.18 6.58 6.64 4.34
44 12.29 12.03 9.36 6.83 6.71 5.89
45 9.40 9.18 8.88 6.79 6.64 4.61
46 10.96 11.00 8.54 6.36 6.02 4.57
47 8.13 7.80 7.32 6.42 6.50 5.58
48 12.11 11.92 8.79 6.46 6.17 4.58
49 13.41 13.27 9.62 6.67 6.62 5.46
50 15.44 15.06 11.83 7.04 6.94 4.59
Mean 13.80 13.12 10.70 6.41 6.22 4.77
Giza 168 13.63 13.58 10.86 6.71 6.49 4.86
Gemmizall | 13.00 12.42 11.27 6.43 6.28 4.85
Sids 12 5.38 5.42 4.39 7.28 7.04 5.27
Shanda.l 15.79 15.02 12.08 6.41 6.37 4.68
Masr 1 12.63 12.43 9.98 6.57 6.20 4.18
Sahel 1 12.28 11.70 11.08 6.70 6.30 5.13

LSD o005 0.79 0.11
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Table 5. Mean performance of harvest index, grain yield/plant and HSI.

Harvest index Grain yield/plant
Genotypes st rd st nd rd

P dgte 2 date d?;te dite dite dite HSI
1 46.16 | 46.81 | 43.19 | 4584 | 41.19 | 2945 | 0.86
2 4151 | 41.88 | 43.11 | 36.16 | 3244 | 27.29 | 0.59
3 41.34 | 4133 | 3489 | 3531 | 3121 | 17.10 | 1.24
4 46.42 | 46.17 | 39.22 45.88 4143 | 21.57 1.27
5 46.20 | 46.12 | 4393 | 3585 | 31.78 | 24.02 | 0.79
6 46.97 | 47.19 | 39.43 | 33.72 31.05 | 17.09 | 1.19
7 39.49 | 39.94 | 39.80 | 32.72 31.13 | 19.90 | 0.94
8 37.79 | 38.93 | 41.87 28.41 24.80 | 19.97 | 0.71
9 47.37 | 48.78 | 38.97 38.80 | 36.50 | 21.02 | 1.10
10 39.33 | 38.44 | 43.43 29.57 25.95 | 20.57 | 0.73
11 48.70 | 48.17 | 46.95 47.81 43.53 | 29.75 0.91
12 4340 | 43.43 | 39.54 | 34.97 29.91 | 19.90 | 1.04
13 4585 | 46.59 | 42.08 | 33.60 | 31.33 | 19.72 | 0.99
14 42.75 | 42.06 | 38.28 | 3553 | 32.10 | 19.93 | 1.06
15 42.36 | 42.18 | 3835 | 35.72 31.36 | 20.76 | 1.01
16 48.57 | 49.43 | 50.67 35.97 33.30 | 27.75 | 0.55
17 40.70 | 38.60 | 37.09 | 37.61 | 31.20 | 20.75 | 1.08
18 42.70 | 43.04 | 3561 | 36.64 | 3434 | 16.78 | 1.30
19 38.13 | 3945 | 37.11 | 36.58 | 34.06 | 23.52 | 0.86
20 43.29 | 4452 | 46.08 29.07 27.87 | 2050 | 0.71
21 40.09 | 39.35 | 33.97 30.22 27.01 | 16.10 | 1.12
22 4475 | 4224 | 43.34 | 38.47 33.97 | 26.64 | 0.74
23 47.73 | 47.00 | 4830 | 36.81 | 33.18 | 23.04 | 0.90
24 46.03 | 4521 | 48.36 | 43.03 | 38.89 | 27.12 | 0.89
25 47.34 | 45.04 | 40.49 | 33.28 28.46 | 17.50 | 1.14
26 49.67 | 49.14 | 40.34 | 48.12 | 4335 | 17.24 | 154
27 46.95 | 44.42 | 4120 | 46.15 | 39.30 | 22.02 | 1.26
28 43.37 | 45.05 | 36.88 | 39.52 37.89 | 16.62 | 1.39
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Table 5. Cont.

harvest Grain yield/
index plant
GenOtypeS 1st 2nd 3rd 1st 2nd 3rd
date date date date date date HSI
29 42,13 | 4238 | 4235 | 38.25 | 33.39 | 24.66 0.85
30 40.76 | 39.96 | 39.30 | 39.84 | 35.27 | 22.81 1.03
31 4379 | 4277 | 41.76 | 38.42 | 34.39 | 21.68 1.05
32 49.48 | 48.62 | 44.72 | 37.69 | 34.73 | 19.85 1.14
33 50.78 | 50.25 | 43.91 | 37.16 | 35.15 | 19.88 1.12
34 48.95 | 47.19 51.71 42.37 | 36.12 27.43 0.85
35 50.78 | 48.52 | 42.08 | 38.80 | 34.11 | 19.03 1.22
36 37.07 | 36.92 | 4296 | 24.20 | 21.78 | 16.10 0.81
37 48.34 | 46.97 45.22 45,90 | 40.47 27.37 0.97
38 49.77 51.77 47.93 | 43.74 | 41.40 25.92 0.98
39 42.15 | 40.55 37.85 | 41.12 | 34.13 19.67 1.25
40 39.36 | 35.50 | 38.06 | 32.60 | 26.46 | 17.65 1.10
41 50.84 | 49.54 | 4958 | 50.25 | 45.84 | 31.90 0.88
42 40.98 | 40.52 | 44.08 | 40.22 | 35.77 | 27.10 0.78
43 4422 | 4294 | 4493 | 36.18 | 33.29 | 24.21 0.80
44 40.16 | 38.25 | 43.33 | 24.68 | 22.29 | 16.74 0.77
45 4158 | 39.14 | 34.66 | 31.49 | 28.23 | 16.65 1.13
46 36.60 | 37.25 | 43.48 | 33.30 | 30.98 | 21.53 0.85
47 40.14 | 38.47 | 35.74 | 21.74 | 18.88 | 12.54 1.02
48 47.08 | 45.72 | 47.08 | 37.47 | 33.33 | 22.07 0.99
49 40.43 | 40.50 | 40.60 | 33.86 | 31.12 | 18.90 1.06
50 39.28 | 39.80 | 41.68 | 37.65 | 35.59 | 22.56 0.96
Mean 4399 | 43.48 | 4191 | 36.97 | 33.22 | 21.60
Giza 168 42.89 | 43.63 | 45.61 | 37.40 | 40.19 | 27.04
Gemmizall 51.27 | 51.96 | 45.23 | 39.28 | 38.12 | 24.94
Sids 12 46.90 | 4752 | 50.15 | 38.38 | 39.92 | 26.78
Shanda.l 4431 | 4279 | 45.14 | 38.63 | 38.63 | 26.53
Masr 1 49.19 | 49.41 | 4350 | 35.04 | 38.26 | 25.21
Sahel 1 47.45 | 46.97 | 45.38 | 33.46 | 37.98 | 27.30
LSD o5 1.02 0.81
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Table 6. Level of polymorphism and number of specific bands of 10 lines

showed highest and lowest performance in the agronomic traits
under heat stress.

» Traits
é No. of spikes per Grain yield per 100-kernel Weight Harvestindex |TSB
= plant plant
TNB| %P |L|H|TNB| %P (L |H|TNB| %P L |H|TNB| %P |L |H
1 18 | 000 |{0|0| 20 |1000|2 |0O | 17 |[0OO|0O|O| 15 | 0.00 [O|O | 2
2 15 |1333{0|2| 19 | 000 |O|O | 16 |1250|{0|2 | 17 | 0.00 [O|O | 4
3 14 {000{0|0] 14 |000|0O|O| 28 |[OOO|O0O|O| 24 | 000 |O|O}f O
4 17 | 000{0|0)| 17 |OQOO|O|O| 17 |OOO|O|O| 17 | 00O [O|Of O
5 18 | 000|{0|0| 14 |000O|O|O| 17 [588|0|1|16 | 0.00 [O|O| 1
6 19 | 000|{0|0| 16 |000 |O|O| 18 [1667|3 |0 | 20 | 0.00 [O|O | 3
7 9 [000|O|Of 13 |2308|/2|1| 9 (000|0O|0O|] 10 | 0.0 [O|O{ 3
8 14 | 000|{0|0| 18 | 556 |1|0|19 [000O|0O|O| 18 | 0.00 [O|Of 1
9 17 {000|0O|0| 18 |00OO|O|O| 11 |[OOO|0O|O| 219 | 000 |O|Of O
10 20 | 000|{0|0] 20 |000|0O|O| 20 |000O|O|O| 20| 000 |0]|O] O
Total 0|2 511 313 010
G-total 161 | 1.24 5 169 | 3.55 5 162 | 3.70 5 166 | 0.00 0 14

TNB: total number of bands, %P: percentage of polymorphism, L: Lines with low
performance, H: lines with high performance, TSB: total number of specific bands, G-
total: grand total.

Figure captions
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Figure 1. SRAP profile showing the difference between two bulks of 10-high and low

performance wheat lines in some traits evaluated under heat stress; NSP:
No. of spikes per plant, GYP: grain yield per plant, KW: 100 kernel
weight, HI: harvest index, H: bulk of the highest 10 lines and L: bulk of
the lowest 10 lines.
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A total of 14 bands were unique and specific for the tested lines, of
which 2 bands were specific for lines with high No. of spikes per plant. Six
polymorphic bands were generated for grain yield per plant of which 5
bands were specific for lines with low yield and one band was for lines of
high vyield. When lines compared for the 100-kernel weight trait, 6
polymorphic bands were generated, of which three bands were specific for
lines with high 100-kernel weight and three bands for lines low in 100-
kernel weight. However, no specific bands were generated for lines with
high or low harvest index.

The percentage of polymorphism (%P) between 10-high and 10-low
lines in the tested traits varied depending on the trait and SRAP primers.
The highest %P per primer was 23.08% generated by primer-7 in the grain
yield. While the average percentage of polymorphism of all primers ranged
from 1.24 to 3.70% for No. of spikes per plant and 100 kernel weight traits,
respectively (Table 6).

In this study, the significant variations found among lines indicated
the high range of variability in these lines toward heat stress. High
temperatures have general effects in developing cereal grains including
faster rate of grain development, decrease of kernel weight, shriveled seeds,
reduced starch accumulation and alterations of polypeptide and lipid
composition (Stone 2001). Similar to our findings, Laghari et al (2012)
studied the effect of high temperature stress on yield and its components in
wheat; they reported that each genetic trait responded differently to high
temperature stress. In the present study, grain yield was the most affected
trait by heat stress followed by 100-kernel weight and No. of spikes per
plant, while the lowest affected trait was harvest index. Moreover, previous
studies showed similar percentages of reduction in agronomic traits, e.g. 10-
15, 17 and 20.61% in kernel weight (Wardlaw and Wrigley 1994,
Blumenthal et al 1995 and Modarresi et al 2010, respectively), and 40.23
and 46.63% in yield (Hamam 2013 and Modarresi et al 2010, respectively).

The main effect of heat stress caused by the third sowing date (5" of
January), while there was insignificant effect for the second sowing date
(15" of December) as compared with the first date (25" of November).
These findings matched with previous studies (Sial et al 2005 and Hamam
2013). The effect of high temperature mainly happens during the grain filing
period in wheat which generally during March to May (Al-Doss et al 2010).
Six lines (L1, L11, L16, L34, L37 and L41) gave the low values of heat
sensitivity index (HSI values < 1), and the highest grain yield/plant of
29.45, 29.75, 27.75, 27.43, 27.37 and 31.90 g, respectively under late
sowing condition. Moreover, these lines were superior in their performance
under heat stress than the local cultivars used for comparison in this study,
which open the opportunity for the replacement the local cultivars with
some of these lines in high temperature environments.
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The genetic basis of tolerance could be determined by associating
the prevalence of molecular markers with morphological scores to predict
DNA genomic regions that harbor a factor influencing the plant’s response
(Roy et al 2011). Among several molecular marker have been applied with
wheat, SRAP was conveyed as an effective technique for wheat diversity
evaluation due to its advantages including the capacity to reveal relatively
more informative bands leading to desirable discrimination ability,
combination of reliability and genomic abundance with high levels of
polymorphism and targeting coding sequences (Zaefizadeh and Goliev
2009, Dong et al 2010, Al-Doss et al 2011, Elshafei et al 2013 and El-
Rawy and Youssef 2014).

Bulking the DNA of 10 lines with the highest or lowest performance
in each trait reduces the differences among each group and displays mainly
the difference in the trait of interest. In this study, SRAP was able to
differentiate between the two bulked DNA samples related to the highest
and lowest performance lines in all studied traits, except harvest index. The
number of specific bands for high or low-bulked DNA in the studied traits
was matched with the percentage of reduction caused by heat stress in the
agronomic traits. In this regard, yield and 100-kernel weight showed the
highest number of specific bands as they also were the most affected traits
by heat tolerance. While, harvest index showed the lowest reduction by heat,
as well no specific bands were generated for this trait.

Recently, EI-Rawy and Youssef (2014) used SRAP to evaluate some
bread wheat lines under drought and heat stress using seedling traits. They
reported that, SRAP was able to generate some unique and specific bands
for drought tolerance; however, in contrary to our findings, no specific
bands were generated for heat tolerance in their study. In addition, Moustafa
et al (2014) reported that, TRAP and SRAP markers, combined with bulked
segregant analysis, could be used to identify molecular markers linked to six
agronomic traits; (days to heading, plant height, spike number/m?, kernel
number/spike, 1000-kernel weight and grain yield), as indicators for drought
tolerance genes in wheat.

In conclusion, the late sowing date (5" of January) used in this study
showed the differences among the tested lines by reducing agronomic traits
particularly grain yield and 100-kernel weight. Six lines (L1, L11, L16, L34,
L37 and L41) produced the highest grain yield under heat stress conditions
(HSI values < 1) and were superior to some local cultivars, indicating their
heat tolerance that they can be employing in breeding programs for stress
environments. SRAP was able to differentiate between bulked lines of high
and low performance for agronomic traits by generating several unique and
specific bands for each performance. These bands could serve in wheat
genotyping and consequence breeding programs as heat tolerance markers.
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