
CHAPTER 4

RESULTS AND DISCUSSION



4.1 Physiological studies

4.1.1 Responses for menbane thermostabilityin Wheat Varieties

High temperature damages cellular membranes due to lipid peroxidation
(Mandhania et al., 2006). The integrity and functions of biological membranes are
sensitive to high temperature, as heat stress alters the tertiary and quaternary structures of
membrane proteins. (Howarth, 2005). Evan (2013) indicated that, Direct alterations due
to high temperatures include protein denaturation and aggregation, therefore protein
content declined because heat stress. Decline of protein content may be due to the
inhibition of protein synthesis or protein degradation.

In the present study membrane injury was measured for high temperature tolerance
through MTS test in six Egyptian wheat varities is shown in (Fig. 2). Results showed that
the highest membrane injury was observed in cultivar Misrl which was closely followed
by varities Sids12 and Misr2, (82.85, 77.91, 75.246) respectively. Efeoglu and Terioglu
(2007) reported that high temperatures at seedling growth decreased MTS in wheat.

These results were in agreement with (Behl, 1993) that showed heat damage to
plasma membrane destroys membrane integrity causing solute leakage from the cells. The
extent of damage may be estimated by conductometric measurement of electrolyte leakage
of solute from leaf tissue after a heat shock. The EC is proportional to cell damage. Thus, a
heat tolerant genotype shows less EC after heat shock. Also, (Efeoglu and Terioglu
2007) indicated that high temperatures at seedling growth decreased MTS in wheat. On the
other hand cultivar Gizal68 showed moderate value of membrane injury which revealed
(52.57) %.

Sheikh et al. (2010) reported that differences among RI of varieties possibly
caused by better maintaining of cellular membrane integrity of some varieties then others
under high temperature stress.

The lowest membrane injury value was observed in cultivar Gemmiza 9 and
Sakha 93, (45.93, 48.63), respectively, (Table, 3). These results were in agreement with
Renuet al., (2004) that showed that heat tolerance with respect to cell injury (%) revealed
that the genotypes with less injury to plasma membranes are tolerant as compared to the
genotypes with more injury to cell membrane. MISR 1, Sids 12, Misr 2 and Giza 168 were
considered as heat sensitive (HS) cultivar. The other two wheat cultivar Sakha 93 and
Gemmiza9 showed less than 50% MI test and were grouped as heat tolerant (HT) cultivar.

These results were in accordance with (Ahmed and Hasan 2011) who stated that
wheat cultivar which showed equal or greater than 50% membrane injury were considered
as heat sensitive (HS) genotypes and cultivars showed less than 50% MI in membrane
thermostability test were grouped as heat tolerant (HT) genotypes.
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Figure (2): Membrane injury to high temperature of ten days old seedling of six
wheat cultivars measured. Values followed by the different letter(s) are
significantly different from each other by L.S.D. at 0.05.

Table (3): Effect of heat stress treatment on Seedling Relative injury of six wheat
cultivars, Mean (± SE).

varieties [A] Relative injury (%)

At25 D c At 35 e Calibrated!
Misr1 14.69 40.434 86.12 40.956 82.85%

Sids12 16.09 ±0.390 72.88 ±1.310 7791
Misr2 15.64 40.228 74.71 ±0.921 75.246'
Giza168 17.82 40.422 32.96 40.826 52.570
Sakha93 15.65 +0.911 33.03 ±0.642 48.63°
Gemmeiza9 18.45 40.217 35.93 40.428 45.934
Total mean 16.39 ا 55.938" 63.85
L.S.D.00s 4.49

Values, marked with the same alphabetical letters, within comparable of means, do not
differ significantly, using L.S.D. at 0.05 level of probability.
«%% = Highy significant at 0.05 level of probability.
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4.1.2 Chlorophyll content in wheat varieties

High temperature treatment affected the chlorophyll amount of ten days seedlings
leaves. Under control conditions no significant changes in chlorophyll content were
observed. There was significant reduction in chlorophyll content at all cultivars under heat
stress conditions and maximum reduction was recorded in HS varieties. Our results in the
same line with some previous studies have shown that heat stress reduces chlorophyll
content in wheat, suggesting that temperature stress has a broadly similar effect on
Chlorophyll biosynthetic enzymes in seedlings wheat (Tewari and Tripathy, 1998).
Number of workers (Almeselmani et al., 2006, Al katib and Paulsen, 1990 and Amani et
al., 1996) has also reported maximum reductions in chlorophyll content due to high
temperature eXposure.

The reduction of total chlorophyll contents of leaves was detected with enhanced
temperature. Total Chlorophyll accumulation was significantly inhibited by 35%C
temperature (Fig. 3). The 25%C temperatre did not cause any significant changes on
chlorophyll amounts. These results were in agreement with Also, Moaed et al., (2012)
mentioned that heat stress significantly reduced wheat leaf chlorophyll content at all stages
of growth. Results in Table (4) showed that Misr 2 showed the most heat stress mediated
reduction in total chlorophyll content (87.6%) followed by Misr1, Giza 168 and sid 12 by
(76.8%, 75.9% and 61.6%), respectively. On the other hand, Gemmeiza9 as a heat tolerant
cultivar which was closely followed by cultivar sakha93 showed (41 and 53.66) %
respectively.

Reynolds et al. (2007) showed premature loss of chlorophyll due to heat sensitivity
in wheat crop. Difference in leaf chlorophyll content between tolerant and susceptible
wheat genotypes when subjected to high temperature stress has been reported (Bhanu,
1997). Tardy et al. (1998) reported that the light green color leaves were due to a non­
specific decrease in both chlorophyll and Carotenoids, without repartitioning of the
pigments between or within the pigmented thylakoid complexes. This pigment alteration
appears to be an adaptation to high temperature rather than to strong light.

Current research was also measured to study the effect of heat stress on chlorophyll
b ratio. The reduction in chlorophyll b was more compared to chlorophyll a under heatه 

stress and thus the chlorophyll ab ratio increased under heat stress in all six wheat
cultivars (Fig.4). However the mean of chlorophyll b ه ratio was higher at Gemmeiza9
cultiva (2.387) than other wheat varieties, under heat stress the chlorophyll ab ratio was
higher in Giza168 (4.971) than other wheat varieties, indicating the hypersensitivity of
chlorophyll b formation /breakdown in Giza168 than other varieties (Table 5).

This agreement with Camejo et al., (2005) ; Wahid and Ghazanfar. (2006) they
reported that, the increased of chlorophyll a/b ratio and a decreased of chlorophyll:
carotenoids ratio were observed in the tolerant genotypes under high temperatures,
indicating that these changes were related to thermotolerance. But Mohammadreza
(2012) who reported that Chlorophylls and carotenoids contents decreased significantly at
high temperature stress and reduction of chlorophyll a and b contents of leaves was
detected after 35/30%C daylnight temperature treatment in leaves and the amount of
chlorophyll a, chlorophyll b and carotenoids did not show any significant changes at
30/25%C, but a results showed that the ratio of chlorophyll alb and the ratio of
chlorophyll/carotenoids has not been changed under heat stress.
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Figure (3): Average seedling chlorophyll content (mg.g D
temperature regimes for six Fgyptian wheat varieties.
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Figure (4): Average seedling chlorophyll alb ratio under the effect of two temperature
regimes for six Egyptian wheat varieties.
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Table (4) Effect of heat stress treatment on Seedling total chlorophyll content of six wheat varieties (Mean ± SE)

chlorophyll content (mg.g fresh weight) [A1 Significance

varieties [A]
At25"C At35"C /Chl. Relative to 25"C)%(ا (%) Chl. decrease Relative at 35"C Mean [A1 [B] AsiIا ا 

Misr1 1.660 0.004 0.384 ± 0.001 23.1 76.8 1.022
Sids12 1.948 ±0.017 0.748 ± 0.008 38.4 61.6 1.346"
Misr2 2.01340.006 0.249 4+0.003 12.8 87.6 1.131

Giza 168 1.464 ±0.018 0.35340.006 24.1 75.9 0.909 ا"  إ:٦ :إ: :إ:

Sakha93 1.541 40.005 0.714±0.003 46.3 53.66 1.128"
Gemmeiza9 1.1574.001 0.683 40.002 59 41 0.921
Total mean 1.63% 0.522'
L.S.D00.05)  ا0.012/0.021 ا0.105

Values marked with the same alphabetical letters, within comparable of means, do not differ significantly, using L.S.D. at 0.05 1evel of
probability / %% = Highly significant at 0.05 level of probability.

Significance
١«I8١أ[A]varieties [A]

 إ:::٦ ا:٦

Table (5) Fffect of heat stress treatment on Seedling chlorophyll alb ratio of six wheat varieties
chlorophyIl alB ratio_ A ا

At 25"C ] At35"C Mean
1.539%
1.699"
1.605
3.3

1.509"
2.3874

0.0140.0040.007

Misr1 0.640±0.05 2.439±0.01
Sids12 0.990±0.04 2.40940.03
Misr2 0.68540.01 2.52540.06

Giza 168 1.628±0.03 4.97140.02
Sakha93 0.847±0.02 2.17240.01

Gemmeiza9 2.2070.05 2.5670.03
Total mean 1.166" 2.847
L.S.D0.05)

Values marked with the same alphabetical letters, within comparable of means, do not differ significantly, using L.S.D. at 0.05 level of
probability / %% = Highly significant at 0.05 level of probability.
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4.2 Biochemical studies:

4.2.1. Responses for Proline content in Wheat cultivars

Plants usually accumulate some compatible solutes with low molecular mass such
as proline (Ashraf and Harris, 2004). It has been shown that accumulation of proline is a
common response to a wide range of biotic and abiotic stresses such as salt (Aghaei et al.,
2009), drought and high temperature (Kumar et al., 2012).

The results of present research showed that increasing temperature lead to increase
of proline content of ten days seedlings and were influenced significantly by the interaction
effect of temperature regimes and Egyptian wheat cultivars.

Results showed that seedling proline content at 35'C was higher compared to those
at 250 C (Fig. 5). The increments of seedling proline content from 25 to 350 C were
significant for all wheat cultivar (Table 6). These results confirm the previously
observation of Kumar (2012). This results also agreement with (Ronde et al., 2001)
showed that proline accumulation in high temperature has been reported in cotton leaves.
Under supra-optimal temperature genotypic difference in proline accumulation pattern has
also been reported in six cotton cultivars and in apple (Park et al., 2001) and in flag leaves
of wheat (Hasan et al., 2007).The highest mean seedlings proline content was observed
cultivar Gemmeiza9 which was closely followed by varity Giza 168, (1.824, 1.747)
respectively.

Results indicated that, the lowest mean value was observed in Misr 2 (0.833). The
increment of proline level from 25 to 35% C is indicated by the relative value. At 35% C
Giza 168, Sakha 93 and Gemmeiza 9 varities produced more than double (> 200%) proline
than that at 25%C. The highest relative value was observed in cultivar sakha 93, (246).

On the other hand, Misr 1, Sids 12 and Misr 2 varities produced less than double (<
200%) proline at 350C compared to that at 25%C (Fig. 6).This result was supported by
Ahmed and Hasan (201) they mentioned that the increment of proline level from 25 to
35" C in different wheat genotypes is indicated by the relative value. At 35% C the HT
genotypes produced more than double (> 200%) proline than that at 25"C. On the other
hand, the HS produced less than double (< 200%) proline at 35% C compared to that at
25c.
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Figure (5): Average seedling proline content (pmoles/g fresh weight) at two
temperature regimes for six Egyptian wheat varities.
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Figure (6): Average seedling proline content (moles/g fresh weight) of heat tolerant
and heat sensitive wheat varieties as influenced by temperature regimes.
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Table (6) Effect of heat stress treatment on Seedling Proline content (moles /g fresh weight) for six wheat varities (Mean ± SE)

Seedling Proline content (moles /g fresh weight)
Varities [A]

At25" C At35"C Relative to 25"C, Mean(%)
Misr 1 1.126%40.058 1.512% ± 0.036 134 1.319c
Sids 12 0.966 ا0.012± 1.26 ± 0.014 130 1.11d
Misr 2 0.556'± 0.019 1.111"± 0.061 199 0.833e

Giza 168 1.088' ± 0.053 2.406 ± 0.009 22١ 1٠747b
Sakha93 0.642 40.018 1.58"± 0.065 246 1.113d

Gemmeiza9 1.156' ± 0.024 2.492%+ 0.037 216 1.824a
Total mean 0.95" 1.72 ق
L.S.D..كد 

[٨1

2٦

0.051

Significance

[B1

:٦

0.029

[AxB]

:٦

0.102
Values, marked with the same alphabetical letters, within comparable of means, do not differ significantly, using L.S.D. at 0.05 level of
probability.
٩%% = Highly significant at 0.05 level of probability.
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4.3 Correlation and regression analysis

The study of the percentage of relative content of membrane injury, proline content
and chlorophyll content (Table 2, 3 and 4) reveled that wheat heat sensitive seedlings had
a negative correlation (r = 0.214), (r= 0.764) and (r = 0.352) between (relative membrane
injury & relative seedling proline content), (relative seedling proline content& relative
chlorophyll content) and (relative membrane injury & relative chlorophyll content)
respectively (Figure 7, 8 and 9). These results were in agreement with Ahmed and
Hasan (2011) they found insignificant ( =- 0.155) between proline content in 20 wheat
genotypes at 25"C and % membrane injury.

On the other hand, (relative membrane injury & relative seedling proline content),
(relative membrane injury & relative chlorophyll content) and (relative seedling proline
content& relative chlorophyll content) maintained a strong positive correlation (r =0.728),
(r-0.51) and strong negative correlation (r = - 0.966) respectively across the heat tolerant
wheat varities (HT) (Figure 10, 11 and 12). These results were agreement with Ahmed
and Hasan (2011) they indicated that, the increased seedling proline level due to high
temperature can be used to screen HT wheat genotypes, which is comparable to cell
membrane thermostability test. The correlation between (relative seedling proline content&
relative chlorophyll content) in heat sensitive (HS) wheat seedling was strong and in heat
tolerant wheat varities (HT) was very strong. These results indicated by KHAN (2009)
who observed that the salinity tolerant genotypes have higher proline accumulation, high
K/Na ratio and less chlorophyll degradation as compared to sensitive ones. Als0, Keyvan
(2010) showed a significant correlation (r= -0.695), (t= -0.826) and (r= -0.728) between
proline and (Chlorophyll a, chlorophyll b and total chlorophyll) respectively across the
wheat varities under drought stress.

ln general, we noticed a strong correlation between the increase of proline content
and chlorophyll content in relation to relative membrane injury especially under the stress
of heat. The change from 25"C to 35"C resulted in an increase of membrane injury by 62.3
% in wheat heat sensitive varities compared to heat tolerant varities. ln contrast, proline
content and chlorophyll content were increased by 67.8% and 57% respectively in wheat
heat tolerant varities compared to heat sensitive varities (Table 7).
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Figure (7): Relationship (r =-0.214) between relative membrane injury and relative
seedling proline content in heat sensitive wheat varities.
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Figure (8): Relationship (r = -0.352) between relative membrane injury and relative
chlorophyll content in heat sensitive wheat varities.
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Figure (9): Relationship ( = - 0.764) between relative seedling proline content and
relative chlorophyll content in heat sensitive wheat varities.
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Figure (10): Relationship (r = 0.728) between relative membrane injury and relative
seedling proline content in heat tolerant wheat varities.
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Figure (11): Relationship (r = - 0.966) between relative seedling proline content and
relative chlorophyll content in heat tolerant wheat varities.
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Figure (12): Relationship (r = 0.51) between relative membrane injury and relative
chlorophyll content in heat tolerant wheat varities.
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Table(7): Relative change % between Heat Senstive varities to Heat tolerant varities through Relative injury, relative proline
content and relative chlorophyll contentent

Heat tolerant varities
Measurment Mean Mean Relative change %

Misrl Sids12 Misr 2 Giza 168 Sakha93 Gemmeiza 9

Relative injury 82.85 77.91 75.24 78.6 52.57 48.63 45.93 49 62.3

Relative Proline content 134 130 199 154.3 221 246 216 227.6 67.8

Relative Chlorophyll content 23.1 38.4 12.8 24.7 24.1 46.3 59 43.1 57
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4.4. Molecular Genetics studies

4.4.1 HSP101 gene transcript measurement by Quantitative Real-time PCR
amplification

ln order to investigate whether the HSPl0lgene is different not only in structure
but also in function, in the present work we have stdied the expression profiles in
different conditions, with the aid of quantitative transcriptomic tools like Ouantitative
(Real-Time) RT-PCR. Ouantitative RT-PCR revealed that HSP101 is expressed
constitutively in all wheat varities control and treatment by heat until 14 days after
germination (Figure13). Consistent with these observations, in wheat, HSP101 protein was
detected in leaves until 7 days after gemmination, while in maize it was detected until 12
days after germination under normal growth temperatures (Young et al. 2001).

Campbell et al. (2001) shown that HSP101 in wheat is induced by heat and
drought. Expression of HSP101 is heat-inducible in leaves of rice (Agarwal et al. 2003)
and maize (Nieto-Sotelo et al., 2006). Ln leaves of lima bean, the HSP100/ClpB protein
gene constitutively expressed, but transcript levels increased under heat stress (eeler et
al. 2000). Genetic and transgenic analyses have shown that HSP101 is essential for
acquired as well as basal thermotolerance (Oueitsch et al. 2000; Hong and Vierling 2001;
Nieto-Sotelo et al. 2006; Agarwal et al. 2003; Katiyar- Agarwal et al. 2003). It has/been
reported that HSPs plays general role is to act as molecular chaperones regulating the
folding and accumulation of proteins as well as localization and degradation in all plants
and animal species (Panaretou and 'Zhai 2008; Hu et al. 2009; Gupta et al. 2010).

Ln heat tolerant varitey 'Gemmeiza 9' expression level of HSPI01 showed at
general high expression at two heat treatments (S and A24+S). hn contrast, heat susceptible
genotype 'Sids12' showed considerable reduction as general in HSPI1 transcripts at heat
treatments (S and A24+S) of heat stress as compared with their other varities (Table 8)
heat-tolerant varitey sakha93 which was closely followed by varities Misrl and
Gemmeiza9, (192.7, 143.1, 126.2) % respectively showed up regulation of HSP101
expression under heat stress treated at 42%C for 2 h (S). In contrast, varity Gizal68 did not
show HSPIOIhigh transcripts under this heat stress treatment (Figure 14; A). Als0, in this
study, heat-tolerant varity Gemmeiza9 which was followed by varity Misrl high expressed
(429.7, 220.3) % of HSP101 expression under heat stress treated at 34%C for 24 h + 2h at
42%C (A24+S). But, varity sids12 show the least HSPI01 transcripts (6.6) % under this
heat stress treatment (Figure 14; B). It has been reported that there is genetic variability in
the synthesis 0f HSPs in wheat (Ahn 2004 and Efeoglu 2009). HSP high transcript of
HSP101 was maintained at all heat stress treatments only in heat tolerant varities
·Gemmeiza9 and Misr]' but not in heat sensitive cutivar'Sids12'. Since HSP101 is
essential for thermotolerance, heat tolerance of varities 'Gemmeiza9 and Misrlare at least
in part due to HSPI01 expression heat stress.

Tripp et al. (2009) suggested that these proteins as chaperones prevent the
irreversible aggregation of other proteins and participate in refolding proteins during heat
stress conditions. HSP104/HSP101 mediates the resolubilization of heat-inactivated
proteins from insoluble aggregates (Parsell et al. 1994; Agarwal et al. 2003). Moreover,
these results showed seedling exposed to adaptation (34%C for 24 h+2h at 42%C) induced
over expression of HSP101with total average (181.5%) by about (59.6%) increment than
seedling treated 2h at 42%C directly with total average (113.7%) , this means that over
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expression of HSP101 requires adaptation of wheat seedlings before treatment (Fig.15).
Moaed et al., (2012) showed that maintenance of high expression levels of HSP101 during
long-temm heat stress in 'C306' may also be reason for better tolerance of 'C306 as
compared with 'PBW343', as HSP101 plays a crucial role in repair of heat damaged
proteins.
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Table (8): Analysis the means of Relative ISP101 Gene Fxpression Data Using Real-Time uantitative PCR and the 2',
Method (Kemneth ،J. Livak and Thomas D. Schmittgen., 2001).

Average Ct Average Ct Average Ct 5-٨cT
varity Treatment HSP101 Gene reference control ٨٨CT Ratio target gene / %

Gene expression expression expression

Misrl 17.55 بد،دن د لم 3.5 -0.51 1.431 143.1
3.5 ر كي ر -1٠14 2.203 220.3

Sids 12
18.01 بد، لم 21.19 -.062 1.044 104.4

21.19 ر ر ن ي ن بي 3.90 0.066 6.6

Misr2 18.12 »ي٣س لا لحم 14.30 0.34 0.79 79
14.30 د ي بي -0.83 1٦77 177.7

Giza178 18.44 بد،،ن لم 19.41 1.44 0.368 36.8
٤ جي 19.41 -0.10 1.072 107.2

Sakha93 18.18 بد لم 20.21 -0.94 1.927 192.7
٤ جي 20.21 حي ى -0.56 1.474 147.4

Gemmeiza9
18.18 د، م 19.66 -0.34 1.262 126.2

A24+S 17.56 19.66 -2.10 4.297 429.7

Seedlings treated at 42%C for 2 h (S) and s treated at 34%C for 24 h+2h at 42%C (A24+S).
(S) Treatment mean =113.7 (A24+S) Treatment mean =181.5
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Figure (13): Ouantification data by using HSP101 F3+R3 primers for HSP101 gene expression with [-Actin reference gene for RT-
PCR cycling with SYBER-Green (A+B).
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Figure (14): Ouantification of gene expression of HSP101 gene at six wheat varities.
A. Mean of relative gene expression of HSp101 at six varities treated at 40"c for 2h.
B. Mean of relative gene expression of HSp101 at six varities treated at 34%C or 24 h

+ 2h at 42%C.

54



B mean of relative hsp101 gene expression at 40"cfor 2h
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Figure (15): Relationship between Spl01gene expression level and heat treatment.
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4.4.2. Bioinformatics Studies

4.4.2.1. SNP identification and frequencies

Single nucleotide polymorphisms are single base pair positions in genomic DNA at
which different sequence alternatives (alleles) exist in normal individuals in some
population(s), wherein the least frequent allele has an abundance of at least 1% or greater.
Thus, single base insertion/deletion variants (lnDels) would not be considered to be SNPs
(Brookes, 1999).

Two sequences aligned (HSPI01_Sid2 and HSP 101_Gemieza9) with Anchor
scquence HSP101c by using the DNAMAN@ software (yon BioSoft, Ouebec, Canada)
(Fig. 18 A, B and C) showed that multiple SNPs existed manually by calculate the
different loci which shading in the 3 nucleotide sequences. The comparison of these
sequences allowed the detection of SNPs (Feltus et al. 2004).

hn sids12 hspl01 sequence 11 tansition from A to G' and 5 transversion loci
represented 4 loci from A to T and one loci from C to G were noticed. Two
deletions (A nucleotides) were noticed and represented (11%) of the total mutations of
total length 1795 bp.

No polymorphism was detected in Gemmeiza9 HSPI01 sequence with the
exception of two G' nucleotide deletions of the total mutations, (Table 9). In sids12,
Transtion from A' toG' was the most frequent event, accounting for 61% of the total
mutations. On the other hand, transversion was accounting less frequency at 28% of the
total mutations. The SNP frequency was about one SNP per 112 bp and one InDel per 898
bp (Table 10).

SNPs finder database allowed detection various sequence polymorphisms (SNPs,
insertion, deletion polymorphism and short tandem repeats) coming from different
sequencing or genotyping technologies and obtained on different species. This release is
available at http://snpsfinder.lanl.gov. Generating multiple sequence alignments and
detecting SNPs automated taking into consideration the quality of the sequences as well as
the locations of the predicted SNPs to assist further evaluation of the predicted SNPs
(Song, et al., 2005).

Two sequences (HSPI01_Sids12 and HSP101_Gemieza9) Fasta format file were
uploaded at SNPs finder program and compared with Anchor fragment TaHSP101c
(GeneBank Accession Mos. AF174433) (Fig.19 A, B and C). All homologous regions
among three sequences were identified after the elimination of paralogous sequences from
consideration to reduce false positive SNPs identification.

hn this study 8 Transtions from (A) to (G), 2 transversions from (A) to (T) and 3
hnDels were detected at HSPI01_Sids12 sequence and one lnDel at was detected at
HSP101_Gemnieza9 sequence, (Table 11). The HSP101_Sids12 SNPs distribution was:
(66%) transitions, (17%) transversions and (17%) InDel (Table 12).

This result is confirmed by Marine (2009) who stated that the single substitution is
sufficient to increase the number of hydrogen bonds in the warm adapted ortholog, thus
leading to enhanced thermal stability in binding properties and structure. The
HSP101_Sids12 SNP frequency was about one SNP per 180 bp and one InDel per 898 bp.
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On the other hand, it can be noticed that the results of automated method were
almost in agreement with the manual accounting especially for the SNPs distribution.
Moreover, transtions from A to G' was the most frequent event, accounting more than
60% of the total mutations at total length of 1795 bp. These were in accordance with
Wakeley (1996) who showed that all DNA sequences from any genome examined,
transitions (T»C, A» G) have been noted to occur at higher frequencies than
transversions (TA,TG,C»A, C»G).
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Sequence 1 > HSP101 gene

AGGCGCTCCGGCGGCCCACGAGATGGCGTCCGAGGCCGGCCACGCGCAGCTCACGC
CGCTGCACCTCGCCCCGGCGCTCGCCGCGGACCGCTCGGGCATCCTCCGCCAGGCCAT
CGCCCACGCGTCCCGCGGCAACGACGCCGCGGCCGAGTCGTTCGAGCGCGTCGCGTCC
GCCGCCCTCAAGCGGCTGCCCTCGCAGTCCCCGCCGCCCGACACCCTCCCGGCCTCCG
CCTCGCTGGTCAAGGCCGTCCGCCCCGCCCGGTCGGCGCAGAAGTCCCGCCGCGACTC
GCACCTCGCCGTCGACCACCTGCTCATGGGCCTCCTCGAGGACCCGCAGATCTCCGAC
GCGCTCAAGGAGGCCGCCATCTCCGCTGCGCGCGTGAAGGCCGAGGTCGAGAACCTC
CGGGGTGGCGACAACCCGCGCCTGGAGTCCGCGTCGGGGGACACCAACTTCCAGGCC
CTCAAGACCTACGGCCGCGACCTCGTGGAGCTGCCGGGCAACCTGGACCCGGTCATC
GGCCCCGACGAGGAGATCCGGCGCGTGGTGCGGATCCTGTCCCGGCCCACAAAGAAC
AACCCCCTCCTCGTCGGCGACCCCGGCGTGGGCAAGACCGCCGTGGTGGAGGCGCTC
GCGCCGCGCGTCGTGCGCGGCGACGTCCCCAGCAACCTCCTCGACCTGCGCCTGCTCG
CGCTCGACATGGGCGCGCTCGTCGCCCGCGCCAAGTACCCCGCCGAGTTCGAGAGCG
GCTCAACGCCGTGCTCAAGGAGGTGGAGGAGGCCGAGGGGAAGGTGATACTGTTCAT
CGACGAGATACACCTGCTGCTCGGCCCCGGGCGGACGGAGGGGTCAATGGACGCCGC
CAACCTGTTCAAGCCGATGCTGGCGAGGGGGCGCCTCAGGTCCATTGGCGCGCCGAC
CCTCGAGGAGTACAGGAAGTACG TCGAGA

(A)

Sequence 2 > HSP101 gene
CATGTGGCGGTGTTCAACACTCTGCTCCAGGTCCTGGACGATGGGCGTTGAC
CGACGGGCAAGGCAGGACCGTTGATTTTAGGAACACGGTGATCATCATGACCT
CAAACCTTGGCGCGGAGCACCTCCTCGCCGGGATGGTGGGCATTTCGATGAAG
GTCGCTCGTGATCTGGTCATGCAGGAGGTGAGGAGGCATTTCCGCCCGGAGCT
GCTGAACCCTCTGGACGAGATCCTCATCTTCGACCCTCTGTCGCATGAGCAGCT
GCGGAGCTCGCTCGGCTTCAGATGAAAGATGTGGCAGTCCGTCTTGCCGAGAG
GGGCGTTGCTCTGGCCGTCACCGACGCCGCCCTGGACGTCATCCTGTCACTGTC
TTACGATGCGGTCTATGGCGCCGGGCCAATCCGGAGATGGATCGAGAAGAGG
ATACTGACGGAGCTCTCCAAGATGTTGATCCGCGAGGAGATCGACGAGAACTC
CACGGTGTACATCGACGCTGCGCCCAGCAAGGACGAGCTGACCTATGGCGTCG
ACAAGCACGGAGGGCTGGTGAACGCGCGCACGGGCCACAAGTCCGACATCCT
GATCCAGGTTCCTAGCGGAGCTGTTGGGGGCGATGCGGCGCACGCCCTGAAGA
AGATCTAGATCATGCAGGACAGCGGAGAGGTGGACGACGTGGGGGAAGACTA
GATGGAAACCGCATCGATTGATCCCTTTCTGACTGTAGTTCCAAGTGCCTGCAC
CAGGCACTCGTATGAGCTCTGTTTTTGCTTTTGGACCGTGCTGATTTAGGTAGT
TCGGAATCGTATCTGTTGAATTGGGGCTGAAATGATTTGTAGTTGAGGATGG
(B)

Figure (16): (A and B) partial sequences for the cDNA 0f HSPI01 gene for Sids12
wheat varity.
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Sequence 3> Hsp101gene

GGCGCTCGCGGCGGCGCACGAGATGGCGTCCGAGGCCGCCACGCGCAGCTC
ACGCCGCTGCACCTCGCCGCGGCGCTCGCGGCGGACAGGTCGGGCATCCTCCG
CCAGGCCATCGCCCACGCGTCCCGCGGCAACGACGCCGCGGCCGACTCGTTCG
AGCGCGTCGCGTCCGCCGCGCTCAAGCGGCTGCCCTCGCAGTCCCCGCCGCCC
GACACCGTCCCGGCCTCCACCTCGCTGGTCAAGGCCGTCCGCCGCGCGCAGTC
GGCGCAGAAGTCGCGCGGCGACTCGCACCTCGCCGTCGACCAGCTGCTCATGG
GCCTCCTCGAGGACCCGCAGATCTCCGACGCGCTCAAGGAGGCCGGCATCTCC
GCTGCGCGGGTGAAGGCCGAGGTCGAGAAGCTCCGGGGAGGCGACAACCGGC
GCGTGGAGTCCGCGTCGGGGGACACCAACTTCCAGGCCCTCAAGACGTACGGC
CGCGACCTCGTGGAGGTGGCGGGCAAGCTGGACCCGGTCATCGGCCGCGACG
AGGAGATCCGGCGCGTCGTGCGGATCCTGTCGCGGCGCACAAAGAACAACCC
CGTCCTCATCGCGAGCCCGGCGTGGGCAAGACCGCCGTGGTGGAGGGGCTCG
CGCAGCGCCTCGTGCGCGGCGACCTCCCCAGCAACCTCCTGGACGTGCGCCTG
GTCGCGCTCGACATOGGCGCGCTCGTGGCCGGCGCCAAGTACCCGGCGAGTT
CGAGGAGCGGCTCAACCCGTGCTCAAGGAGGTGGAGGAGGCCGAGGGGAAGG
TGATACTGTTCATCGACGAGATACACCTGGTGCTCGGCGCCGGGCGGACGGAG
GGGTCAATGGACGCGGCCAACCTGTTCAAGCCGATGCTGGCGAGGGGGCAGCT
CAGGTGCATTGGCGCGACGACCCTCGAGGAGTACAGGAAGTACCTCGAGA

(A)

Sequence 4> Hsp101gene

CGCATGTGGCGGTGTTCAACACTCTGCTCCAGCTCCTGGACGATGGGCCGTTG
ACCGACGGGCAAGGCAGGACGGTTGATTTTAGGAACACGGTGATCATCATGAC
CTCAAACCTTGGCGCGGAGCACCTCCTCGCCGGAATGGTGGGCAATTCGATGA
AGGTTGCTCGTGATCTGGTCATGCAGGAGGTGAGGAGGCATTTCCGCCCGGAG
CTGCTGAACCGTCTGGACGAGATCGTCATCTTCGACCCTCTGTCGCATGAGCAG
CTGCGGAAGGTCGCTCGGCTTCAGATGAAAGATGTGGCAGTCCGTCTTGCCGA
GAGGGGCGTTGCTCTGGCCCTCACCGACGCCGCCCTGGACGTCATCCTGTCAC
TGTCTTACGATCCGCTCTATGGCGCCAGGCCAATCCGGAGATGGATCGAGAAG
AGGATAGTGACGGAGCTCTCCAAGATGTTGATCCGCGAGGAGATCGACGAGA
ACTCCACGGTGTACATCGACGCTGCGCCCAGCAAGGACGAGCTGACCTATGGC
GTCGACAAGCACGGAGGGCTGGTGAACGCGCGCACGGGCCACAAGTCCGACA
TCCTGATCCAGGTTCCTAGCGGAGCTGTTGGGGGCGATGCGGCGCACCCCGTG
AAGAAGATGAAGATCATGCAGGACAGCGGAGAGGTGGACGACATGGAGGAA
GAGTAGATGGAAACCGCATCGATTATCCCTTTCTGACTGTAGTTCCAAGTGCCT
GCACCAGGCAGTCCTATGACCTCTGTTTTTGCTTTTGGACCGTGCTGATTTAGG
TAGTTCGGAATCGTATCTGTTGAATTGGGGGTGAAATGAATTGTACTTGAGGA
TGG
(B)

Figure (17): (A and B) partial sequences for the cDNA of HSP101 gene for
Gemmeiza9 wheat varity.

59



Table (9): SNPs analysis manually: Two sequences (Sids2 HSP101 and Gemmieza9 HSP
101) characterization by Alignment with AF174433.1 TaHSPI01c gene by
using DNAMAN@ software

Gene SNP Bases by varity lnsertion/deletion (lnDel)

Coordinates AF174433.1 Gemmiza Sids AF174433.1 Gemmiza Sids12
TaHSPI0Ie HSP101 HSP101 TaHSPI0Ie HSP101 HSP101

217 A A G
358 A A G
389 A A G
537 A A T
715 A A G
764 A A G
870 A A
882 G G
1020 A A G
1040 A A G
2283 A A G
2294 A A T
2416 A A
2528 C C G
2542 A A G
2788 A A T
2821 A A G
2825 A A G
2854 G G
2978 A A T

Table (10): Summary of single nucleotide polymorphism (SNP) characterization
manually

FrequenCy
(bp/SNP)

FrequenCy
(bp/InDel)

Gemmiza9
HSP101

2

898

60

% Sids 12 HSP101 %

0% 11 61%
0% 5 28%

100% 2 11%

112

898



Table (11): SNPs Analysis automated: Anchor AF174433.1 (Triticum aestivum heat
shock protein 101 (HSP101c) mRNA complete cds) and 2near neighbors sids12 HSP101
and Gemmeiza9 HSP101 by using SNPs Finder program http://snpsfinder.lanl.SOV (Song, .1
et al., 2005)

Anchor Coordinates SNP Bases by varity
Sequence

Start[ Stop
SNPs InDels Gene

Fragment Coordinates

217

Anchor_l 1 600 4 0 358
389
537
715

Anchor_3601ا / 1200 4 2 764
1020
1040

Anchor_8 / 2101 / 2458 2 1 2283
2294

Table (12): Summary of single nucleotide polymorphism (SNP) characterization at by
SNPs Finder program.

% Sids 12 %HSP101
0% 8 66%
0% 2 17%

100% 2 17%

180

898

Gemmiza9
HSP101

1

1795

FrequenCy
(bp/SNP)

FrequenCy
(bp/InDel)

61



AH174433. 1_HSP1O1c
CmrEeiza9_HISP1O1
Sids12_HSp1O1
Clsesus

AH174433. 1_HSP1O1c
CmrEeia9_HISP1O1
Sids12_HSp1O1
Clsesus

AH174433. 1_HSP1O1c
CmrEeia9_HISP1O1
Sids12_HSp1O1
Clsesus

AH174433. 1_HSP1O1c
CmrEeia9_HISP1O1
Sids12_HSp1O1
Clsesus

AH174433. 1_HSP1O1c
CmrEeiza9_HISP1O1
Sids12_HSp1O1
Clsesus

AH174433. 1_HSP1O1c
CmrEeiza9_HISP1O1
Sids12_HSp1O1
Clsesus

AH174433. 1_HSP1O1c
CmrEeiza9_HISP1O1
Sids12_HSp1O1
Clsesus

AH174433. 1_HSP1O1c
CmrEeia9_HISP1O1
Sids12_HSp1O1
Clsesus

AH174433. 1_HSP1O1c
CmrEeia9_HISP1O1
Sids12_HSp1O1
Clsesus

AH174433. 1_HSP1O1c
CmrEeia9_HISP1O1
Sids12_HSp1O1
Clsesus

AH174433. 1_HSP1O1c
CmrEeia9_HISP1O1
Sids12_HSp1O1
Clsesus

AH174433. 1_HSP1O1c
CmrEeiza9_HISP1O1
Sids12_HSp1O1
Clsesus

AH174433. 1_HSP1O1c
CmrEeiza9_HISP1O1
Sids12_HSp1O1
Clsesus

AH174433. 1_HSP1O1c
CmrEeiza9_HISP1O1
Sids12_HSp1O1
Clsesus

AH174433. 1_HSP1O1c
CmrEeia9_HISP1O1
Sids12_HSp1O1
Clsesus

AH174433. 1_HSP1O1c
CmrEeia9_HISP1O1
Sids12_HSp1O1
Clsesus

AH174433. 1_HSP1O1c
CmrEeia9_HISP1O1
Sids12_HSp1O1
Clsesus

(A)

ACCCGCICCCCCCOCCCCACGAGATCCCOTCCOACCCCCG
ACCCGCICCCCCCOCCCCACGAGATCCCOTCCOACCCCCG
ACCCGCICCCCCCOCCCCACGAGATCCCOTCCOACCCCCG
aggCgctegCSgcggcgcacgagat ggCgtccgaggccgE

CCACCCCCACCICACCCCGCICCACCICCCCCCCCCCCIC
CCACCCCCACCICACCCCGCICCACCICCCCCCCCCCCIC
CCACCCCCACCICACCCCGCICCACCICCCCCCCCCCCIC
ccacgcgcagctcacgccgct gcacctcgCCgCggCgct c

CCCCCCOA {CGICOOCCATCCICCCCCACCCCATCGCCccccccdi@&cccccAiciccccAcccCAiccccc
CCCCCOOACCCGTCOOCCATCCICCCCCACCCCATCGCC

Eacaggt cgEgcatcctccgccagccatcgcccع Cع CSع 

ACCCOICCCCCCCCAACGACGCCCCCCCCOAGICGTTCOA
ACCCOICCCCCCCCAACGACGCCCCCCCCOAGICGTTCOA
ACCCOICCCCCCCCAACGACGCCCCCCCCOAGICGTTCOA
aCSCgtcCgSC gcaaCgaCgCCSCSCCSagt ع cgtt cga

CCCCOICCCGICCGCCCCGCICAACCOGCICCCCICGCAG
CCCCOICCCGICCGCCCCGCICAACCOGCICCCCICGCAG
CCCCOICCCGICCGCCCCGCICAACCOGCICCCCICGCAG

Ect gccctcgcagع CSCgtcgCgtcCgCcgCgctcaagCع 

1ccccccccccgAcAccGrccccCICgKCCTCrcتG 
TCCCCCCCCCCCGACACCGICCCCCCCIC {CICCCICG
TCCCCCCCCCCCGACACCGICCCCCCCICCGCCICCCICG
t ccccgccgcccgacaccgt cccggcctccacctcgct g٤

TcAAccccGrcrkcتc cCCC[3'CCccccAGAAGrcCcG
TCAAGCCCGICCOCCCCCCG IGICGCCCCACAAGTCGCG
TCAAGCCCGICCOCCCCCCCCOGICGCCCCACAAGTCGCG
t caaSgCcgt ccgCCgCSCgcagtcg cgcagaagt ع CgCS

COCCOACICCCACCTCCCCGICOACCAGCICCICATOOCC
COCCOACICCCACCTCCCCGICOACCAGCICCICATOOCC
COCCOACICCCACCTCCCCGICOACCAGCICCICATOOCC
cggcgactcgcacctcgccgt cgaccagct gctcat gEgC

CICCICGAGGACCCGCAGATCICCOACGCCCICAAGGACG
CICCICGAGGACCCGCAGATCICCOACGCCCICAAGGACG
CICCICGAGGACCCGCAGATCICCOACGCCCICAAGGACG
ctcctcgaggacccgcagat ctccgacgCgct caaggagع 

CCCGCATCICCCCIGCCCCOGIGAACCCCGAGGTCGAGAA
CCCGCATCICCCCIGCCCCOGIGAACCCCGAGGTCGAGAA
CCCGCATCICCCCIGCCCCOGIGAACCCCGAGGTCGAGAA
ccgcatctcCgCt gCSCS gt ع gaaggCcgaggt cgagaa

cع rccCCCgpgiCCGAcAAccCccGrGGAgrccCcGrcG;
CCICCOOG ICCOACAACCGCCCCOIGOAGICCCCGrCG
CCICCOOCGIGCCOACAACCGCCCCOIGOAGICCCCGrCG
gctccgS gaggcgacaaccgSCSCgt ع £gagtccCgt cg

CGCGACACCAACIICCAGCCCCICAAGACGIACGCCCCG
CGCGACACCAACIICCAGCCCCICAAGACGIACGCCCCG
CGCGACACCAACIICCAGCCCCICAAGACGIACGCCCCG

gacaccaacttccaggccctcaagacgt acggCCgCgععع 

ACCICGICGAGGIGCGGCCAACCICGACCCGGTCATCGG
ACCICGICGAGGIGCGGCCAACCICGACCCGGTCATCGG
ACCICGICGAGGIGCGGCCAACCICGACCCGGTCATCGG
acctcgt ggaggt ggcgggcaagct ggacccggtcatcgE

CCCCGACOACCACATCCCCCCCGIOOIGCOOATCCIGrCG
CCCCGACOACCACATCCCCCCCGIOOIGCOOATCCIGrCG
CCCCGACOACCACATCCCCCCCOIOOIGCOOATCCIGrCG
ccgcgacgaggagat ccggCgCgt ggt gcggat cctgt cg

COCCGCACAAAGAACAACCCGICCI 'ICCCCGACCCCGrccGAcccGشلأ AAAGAAcAAcccdrcdiس cAت Cdتت 
COCCGCACAAAGAACAACCCGICCICGICCCCGACCCCG
cgCgcacaaagaacaaccccgt cctcat CgSCSagccCg

CCOICCAAGACCGCCGIGGIOOACGGGCICCCG ICCGcGiccccAAdAcccccdrcdiCdAcccciccitت 
CCOICCAAGACCGCCGIGGIOOACGGGCICCCCCOCCG
gcgt gggcaagaccgccgt ggt ggaSSSgct cgcgcagCg

CGICOIGCCCCCCOACOICCCCACCAACCrCCIGGACGT
CGICOIGCCCCCCOACOICCCCACCAACCTCCIGGACGT
CGICOIGCCCCCCOACOICCCCACCAACCrCCIGGACGT
cgtcgt gCgcggcgacgt ccccagcaacctcct ggacgt

62

167
4O
4O

207
80
80

2A7
10
10

287
160
160

327
20O
20O

367
24O
24O

407
280
280

447
320
320

487
360
360

527
40
40

567
4O
4O

G07
48O
48O

6إ7
520
520

687
5G0
5G0

727
G00
G00

767
6O
6O

80G
679
679



AF174433. 1_HSP101c
Cخmiza9_HISP1O1
Sids12_HSp1O1
ConsensuS

AF174433. 1_HSP101c
Cجmiza9_HSP1O1
Sids12_HSp1O1
ConsensuS

AF174433. 1_HSP101c
Cخmiza9_HISP1O1
Sids12_HSp1O1
ConsensuS

AF174433. 1_HSP101c
Cخmiza9_HSP1O1
Sids12_HSp1O1
ConsensuS

AF174433. 1_HSP101c
Cخmiza9_HISP1O1
Sids12_HSp1O1
ConsensuS

AF174433. 1_HSP101c
Cخmiza9_HISP1O1
Sids12_HSp1O1
ConsensuS

AH174433. 1_HSP1O1e
Cmmeiza9_HSP1O1
Sids12_HSp1O1
ConsensuS

AH174433. 1_HSP1O1e
Cmmeiza9_HSP1O1
Sids12_HSp1O1
ConsensuS

AH174433. 1_HSP1O1e
Cmmeiza9_HSP1O1
Sids12_HSp1O1
ConsensuS

AH174433. 1_HSP1O1e
Cmmeiza9_HSP1O1
Sids12_HSp1O1
ConsensuS

AH174433. 1_HSP1O1e
Cmmeiza9_HSP1O1
Sids12_HSp1O1
ConsensuS

AH174433. 1_HSP1O1e
Cmmeiza9_HSP1O1
Sids12_HSp1O1
ConsensuS

AH174433. 1_HSP1O1e
Cmmeiza9_HSP1O1
Sids12_HSp1O1
ConsensuS

AH174433. 1_HSP1O1e
Cmmeiza9_HSP1O1
Sids12_HSp1O1
ConsensuS

AH174433. 1_HSP1O1e
Cmmeiza9_HSP1O1
Sids12_HSp1O1
ConsensuS

AH174433. 1_HSP1O1e
Cmmeiza9_HSP1O1
Sids12_HSp1O1
ConsensuS

(B)

CCCCCIOGICCCCCTCGACAICCCCCCCCICGICCCCGCC
CCCCCIOGICCCCCTCGACAICCCCCCCCICGICCCCGCC
CCCCCIOGICCCCCTCGACAICCCCCCCCICGICCCCGCC
2CgcctggtcgCgctcgacat S82CSCgctcgtSgCC28C

ccCAAGrAccccccGAcrrCGiCrccrcAGgcg
CCCAAGIACCGCGGCGAGIICG {GAGCGCCICAA. GCCG
CCCAAGIACCCCCCGAGITCGA. GACCCCCrCAAGCCCG
gccaagt accgCggcgagttcgaggagC2gctcaaggccg

TGCICAACGAGGTCGACGACCCCGAGGCGAACGTGATACT
TGCICAACGAGGTCGACGACCCCGAGGCGAACGTGATACT
TGCICAACGAGGTCGACGACCCCGAGGCGAACGTGATACT
tctcaag8a88t88a88aSgCCga828gaa28tgat act

GIICATCGACGACATACACCICGICCICCCCCCCOCCCOG
GIICATCGACGACATACACCICGICCICCCCCCCOCCCOG
GIICATCGACGACATACACCICGICCICCCCCCCOCCCOG
gttcatcgacgagat acacct ggtgctCgSCgCCSSgCS

ACGGAGGGGICAATOOACGCGGCCAACCIGIICAACCCGA
ACGGAGGGGICAATOOACGCGGCCAACCIGIICAACCCGA
ACGGAGGGGICAATOOACGCGGCCAACCIGIICAACCCGA
aCSSa888gtcaat ggaCgCSgccaacct gttcaagCcga

1ccr«@AccR[gCrrcAcGrcAT1«RrCgKg%C
TCCIOCCGACCGG «CICACGICCATICCCCC «CGAC
TCCIOCCGACCGGCCCCICACGICCATICCCCCOCCGAC
t ٤CtgSCSa828Sgcagctca28tgcatt 8CgCgacgac

CCCATGTCCCCGIGIICAACACTCICTCCACGTCCTGA
CCCATGTCCCCGIGIICAACACTCICTCCACGTCCTGA
CCCATGTCCCCGTGIICAACACICICTCCACGTCCTGA
CgcatgtSSCSgtgttcaacactctgctccaggtcctgga

COATOGCCOGIIGACCOACGGGCAAGCAGGACCOITOAT
COATOGCCOGIIGACCOACGGGCAAGCAGGACCOITOAT
COATOGCCOGIIGACCOACGGGCAAGCAGGACCGTIGAT
Cgat£٤SCSgttgaccgaC££gcaaggCaggaC4gttgat

TTTACGAACACGGIGATCATCATGACCICAAACCIIGCCG
TTTACGAACACGGIGATCATCATGACCICAAACCIIGCCG
TTTACGAACACGGIGATCATCATGACCICAAACCIIGCCG
tttaggaacacggt gatcatcatgacctcaaaccttgSCS

«cمتعجن «crcrccrCCgKg%ICGrCrrgt/TCCsrc٨٨
CCOACCACCICCTCCCCG ،ATCGIGOCC rTTCGATOAA
COGACCACCICCICGCCGGOATOGTGGCATTTCGATGAA
C gagcacctcctcgCCggaat ع ggtgggcaattcgatgaa

CGIICCTCGIOATCTCGICATGCACOACGIGACGACCCAT
CGIICCTCGIOATCTCGICATGCACOACGIGACGACCCAT
CGIICCTCGIOATCTCGICATGCACOACGIGACGACCCAT
٤gttgctcgtgatctggtcatgCa4٤aSgtgagaggcat

TICCCCGGACTCCTOAACCGTCIOGACOAGATCGTCA
TICCCCGGACTCCTOAACCGTCIOGACOAGATCGTCA
TICCCCGGACTCCTOAACCGTCIOGACOAGATCGTCA
ttcegCCC٤٤agctgctgaaccgtctggacgagatcgtca

rcrrcgAcccrcrGrcCcArgAccAcrCCCgy?%CCrccc
TCIICGACCCICIGICCCATGACCAGCICCG ،ACGTCG
TCIICGACCCICTGTCCCATGACCAGCICCC. ACGTCG
tcttcgaccctctgtcgcat gagCagctgC gaaggtCgC ع

TCGGCIICAGATGAAAGATOIGCAGICCGTCIIGCCGAG
TCGCCIICAGATGAAAGATOIGCAGICCGTCIIGCCGAG
TCGCCIICAGATGAAAGATOIGCAGICCGTCIIGCCGAG
tcggcttcagatgaaagatgtSgCagtcCgtcttgCCgag

ACCCCCGITCCTCTCCCCGTCACCOACCCCCCCCTCGAC
ACCCCCGITCCTCTCCCCGTCACCOACCCCCCCCTCGAC
ACCCCCGIICCTICCCCOTCACCOACCCCCCCCTCGAC
ag£4SCgttgctctggccgtcaccgacgccgccctggacg

rcArCCrGrcAcrGrcrrAcGXRFgCcrA1@rrCg['
TCATCCTGTCACTGTCIIACGA 'CCGICTATCCCCC
TCATCCTGTCACTGTCIIACOATCCCGTCTATCCCCCCGG
tcatcctgtcactgtctt acgatccggtctat ggCgccag

63

86
719
719

886
758
758

926
798
798

966
838
838

1O06
878
878

106
918
918

2183
987
99

2223
1027
1019

2263
1067
1059

2303
1107
1O

2343
1147
1139

2383
1187
1179

2A423
1227
1218

2463
1267
1258

2503
1307
1298

2543
1347
1338



AF174433.1_HSP1Ole
Cmmiza9HSP1O1
Sids12HSp101
ConsensuS

AF174433.1_HSP1Ole
Cmmiza9HSP1O1
Sids12HSp101
ConsensuS

AF174433.1_HSP1Ole
Cmmiza9HSP1O1
Sids12HSp101
ConsensuS

AF174433.1_HSP1Ole
Cmmiza9HSP1O1
Sids12HSp101
ConsensuS

AF174433.1_HSP1Ole
Cmmiza9HSP1O1
Sids12HSp101
ConsensuS

AF174433.1_HSP1Ole
Cmmiza9HSP1O1
Sids12HSp101
ConsensuS

AF174433.1_HSP1Ole
Cmmiza9HSP1O1
Sids12HSp101
ConsensuS

AF174433.1_HSP1Ole
Cmmiza9HSP1O1
Sids12HSp101
ConsensuS

AF174433.1_HSP1Ole
Cmmiza9HSP1O1
Sids12HSp101
ConsensuS

AF174433.1_HSP1Ole
Cmmiza9HSP1O1
Sids12HSp101
ConsensuS

AF174433.1_HSP1Ole
Cmmiza9HSP1O1
Sids12HSp101
ConsensuS

(C)

CCAATCCCCAGATCATCGAGAAGACCATAGTGACCCAG
CCAATCCCCAGATCATCGAGAAGACCATAGTGACCCAG
CCAATCCCCAGATCATCGAGAAGACCATAGTGACCCAG
gccaatccggagatggatcgagaagaSgatagtgaCggag
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cCGAArCCrArCIGrIGAATTccccGrgAAATC/{/TCTA
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Figure (18): SNPs detection (A, B and C) for Anchor AF174433.1 (HSP101c)
and 2near neighbors sids12 HSP10I and Gemmeiza9 HSP101 by using the
DNAMAN@ software (Lyon BioSoft, Ouebec, Canada). Gaps in the sequences are
indicated by dots ''.'' Indicate conserved consensus sequences at last sequence. lndicate SNPs by
shading.
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TCAAACCTTGGCGCGGAGCACCTCCTCGCC G TGGIGGGCا TT AF174433.1 12101,2458]
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Figure (19): SNPs detection by Alignment of the sequences of Anchor AF174433.1
(Titicum aestvum heat shock protein 101 (HSP10lc) mRNA complete cds) and 2near
neighbors sids12 HSP101 and Gemmeiza9 HSP10 cDNAs. By using SNPs Finder
web site (http://snpsfinder.lanl.gov).
(A): SNPs and INDELs at Anchor_l Sequence Fragment.
(B): SNPs and INDELs at Anchor_3 Sequence Fragment.
(C): SNPs and INDELs at Anchor_8 Sequence Fragment.

Gaps in the sequences are indicated by dashes (). Boxes indicate SNPs and INDELs.
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4.4.2.2.HISP101 Anino acids compostion changes in relation to tolerant
and intolerant wheat

Proteins are a highly temperature-sensitive component of organisms and clear
patterns of adaptive variation have been discovered in structural and functional properties
of proteins from species adapted to different temperatures (Somero, 2004). With the
advent of high-resolution techniques in molecular and structural biology, it is now possible
to determine the amount of change in amino acid seuence needed for adaptation, the
locations of these changes in the protein's three-dimensional structure and the mechanisms
by which substitutions influence stability and kinetic properties.

Alignment of the deduced amino acid sequences of TaHSPIOlc, Gemmeiza9
HSP101 and obtained with DNAMAN@ software (Lyon BioSoft, Ouebec, Canada) (Fig.
20) showed that Sids12_HSPI01 shares 97.9% identity with AF174433.1(HSP101c) and
Gemmeiza9 HSP101 share 99.5% identity with AFI74433.1(HSPI01c) (Tabassum Jehan
and Suman, 2006). Mutations in coding regions of genes, leading to amino acid
substitutions, tend to alter the structure of the encoded protein. Some of the changes are
conservative, i.e. have minimal impact on the protein structure, while some are radical and
may lead to severe changes in its properties (Win J., et al., 2011).

Detection of amino acids changes by Mega 6.06 program revealed no effective
changes at Gemmeiza9_HSPl01, while, there are ten amino acid position change in
Sids12_HSP101 (Table 12). Win et al., 2011 indicated that, a single amino acid
replacement is sufficient to adapt a protein to a new thermal range. The probability of
substitution of one amino acid by another depends on the structure of the genetic code (i.e.
on the mumber of mutations necessary to pass from one codon to another) and also on the
phenotypic effect of that mutation (Higgins 2000).

Moreover calculation of relative precentag change of amino acids frequencies at
sequences of Sids12_HSP101 to AF174433.1 TaHSP10lc revealed that each of Glutamic
acid (Glu) , lsoleucine (le), Lysine (Lys) were decreased by 25.6%, 35% and 75%
respectively. On the other hand Valine (Val), Glycine (Gly), Methionine (Met),
Phenylalanine (Phe) and Leucine (Leu) were increased by 14.37%, 17%, 17, 29.8% and
39% respectively (Table 14 and 15). Substitutions of one amino acid by another with
similar biochemical properties generally do not greatly affect the structure and hence the
function of the protein (Higgins 2000). Jehan, & Lakhanpaul, (2006) indicated that
SNPs in coding regions may have functional significance if the resulting amino acid
change causes the altered phenotype. SNP markers associated with phenotypic changes
pinpoint functional polymorphism.

It is important to note that the probability of substitution of one amino acid by
another depends on the evolutionary distance between sequences. The deduced HSP101
amino acid sequences were compared to the known HSP101 isoformes. Analyses of
Evolutionary Diergence between scquences AF174433.1 (HSP101c), AF083344.2
(HSP101), Sids12 HSp101 and Gemmeiza9 HSP101 were conducted using the Maximum
Composite Likelihood model (MEGA6). As shown in (Figure 21) and (Table 16)
Sids12HSp101 and Gemmeiza9_HSP101 had a great resemblance and similarity with
AF174433.1 (HSP101c).

The genetic similarity between AF174433.1 (HSP101c) and Gemmeiza9 HSP101
was 100%. On the other hand the genetic distance between AF174433.1 (HSP101c) and
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Sids12_HSp101 was 0.01 %. These results confirmed by our previous data which indicated
that Sids12_HSPI01 contained ten amino acid position changes in comparison with
AF174433.1 (HSP101c), with no amino acids position change at Gemmeiza9 HSP101.

Higgins (2000) suggested that at short evolutionary distances, probabilities of
substitution mainly reflect the structure of the genetic code, whereas at larger distances,
probabilities of substitution depend essentially on biochemical similarities between amino
acids.

67



AF174433.1 HSP1O1
Cniza9_ISP1O1
Sids122_HSpIO1
ConsensuS

AF174433.1 HSP1O1
Cniza9_ISP1O1
Sids122_HSpIO1
ConsensuS

RRS RRRTRWRPRPATRSSRRCTSPRRSRRTORASSARPSP
RRS RRRTRWRPRPATRSSRRCTSPRRSRRTORASSARPSP
RRS RRRTRWRPRPATRSSRRCTSPRRSRRTORASSARPSP
r 1SIrIt r wrprpat ISSrrct Sprrsrrt gr assar ps p

TRPAATTPRPSRSSASRPPRSSCCPRSPRRPTPSRPPPRW
TRPAATTPRPSRSSASRPPRSSCCPRSPRRPTPSRPPPRW
TRPAATTPRPSRSSASRPPRSSCCPRSPRRPTPSRPPPRW
t rpaat t prpsrssasrpprSsgcpr sprrpt psr pppr w

40
40
40

80
80
80

AF174433.1 HSP1O1
Cniza9_ISP1O1
Sids122_HSpIO1
ConsensuS

SRPSAA
SRPSAA
SRPSAA

RRRSRAATRTSPSTSCSWASSRTRRSPTRSRR
RRRSRAATRTSPSTSCSWASSRTRRSPTRSRR
IRRRSRAATRTSPSTSCSWASSRTRRSPTRSRR

120
120
120

S rpsaaISrrrsr aat rt Spst SCS waSSrt IrSpt r Sr r

AF174433.1 HSP1O1
Cniza9_ISP1O1
Sids122_HSpIO1
ConsensuS

AF174433.1 HSP1O1
Cniza9_ISP1O1
Sids122_HSpIO1
ConsensuS

PASPLRGRPRSsRSS93TTGAysPRRGrPTsRPsRRrAAT
PASPLRGRPRSRSS ،ATTGAWSPRRGTPTSRPSRRTAAT
PASPLRGRPRSRSSGVATTGAWSPRRGTPTSRPSRRTAAT
paspl r gr prsrssgeatt gawsprrgtptSrpsrrt aat

S WRWRAS WTRSSAATRRSGAWCGSCRGACRTTPSSSASPA
S WRWRAS WTRSSAATRRSGAWCGSCRGACRTTPSSSASPA
S WRWRAS WTRSSAATRRSGAWCGSCRGACRTTPSSSASPA
S wr wr aS wt ISSaat rISgaWCgSCI gaqrt t pSSSaspa

160
160
160

20
20
20

AF174433.1 HSP1O1
Cniza9_ISP1O1
Sids122_HSpIO1
ConsensuS

WARPPWWRGS
WARPPWWRGS
WARPPWWRGS

ASCAATSPATS WTCAWSRSTWARS WPAP
ASCAATSPATS WTCAWSRSTWARS WPAP
ASCAATSPATS WTCAWSRSTWARS WPAPا 

240
240
240

war pp wwr gSrsascaat spat S wt ca wSISt war S wpap

AF174433.1 HSP1O1
Cniza9_ISP1O1
Sids122_HSpIO1
ConsensuS

AF174433.1 HSP1O1
Cniza9_ISP1O1
Sids122_HSpIO1
ConsensuS

AI174433.1 HSP1O1
Cmmeiza9_HSP1O1
Sids12_HSp1O1
Cnsensus

AI174433.1 ISP1O1
Cmmeiza9_HSP1O1
Sids12_HSp1O1
Cnsensus

AI174433.1 ISP1O1
Cmmeiza9_HSP1O1
Sids12_HSp1O1
Cnsensus

AI174433.1 ISP1O1
Cmmeiza9_HSP1O1
Sids12_HSp1O1
Cnsensus

AI174433.1 ISP1O1
Cmmeiza9_HSP1O1
Sids12_HSp1O1
Cnsensus

AI174433.1 ISP1O1
Cmmeiza9_HSP1O1
Sids12_HSp1O1
Cnsensus

sTSSg?CSgPCsRRwRRPRGRYcssTRYrwcsAPGGRR
STAASS ISCS. PCSRRWRRPRGRYCSSTRYTWCSAPGGRR
STAASS. SCSEPCSRRWRRPRGRYCSSTRYTWCSAPGCRR
st aaSSrSgS1 pCSrr wrrpI gIyCSStryt wcsapSgr r

 /جو<٢ء%#±#g %لإ.srr%4;gg ¥,ي3
COWTRPTCSSRCWRG /SCALARRPSRSTOS {NWRCS
COWTRPTCSSRCwRG SGALARRPSRSTOST. .. NwRCS
8Owt rptCSSrC wIggSsgal arrpSrSt gSt Srr mwr cs

TICSRS WTNCGPTGKACRLI LGTRSSPCILARSTSSPI 'wwبز}ؤإؤلإ jثجؤؤتززأزززريإتززز لإشزززإلإلإإثزز: 
TICSRS WTNCGPTGKACRLI LGTRSSPCILARSTSSP١ ww
t1 csrs wt nggptgkagrli1 gtrsspat1 arstsspe ww

RRLLVI WSCRRGGI SARSCDvWTRSSSSTLCRNSSC
RRLLVI WSCRRGGI SARSCDvWTRSSSSTLCRNSSC
RRLLVI WSCRRGGI SARSCIvWTRSSSSTICRNSSCG.

ai rrll vi wscrI ggi sarSCt vwt ISSSSt1 cr nssCgr!:يإ. S%4يب yإجب srجببع gج yبوب$ يجببب 
S1CIRKNWCS VLPRGALLWPSPTPPvTSSCHCL RSAP
S1CIRKNWCS VLPRGALLWPSPTPPvTSSCHCL JRSAP
s1 gf rknwasvl pr gal 1 wpspt ppwt sschclti rs nap

CCSGDGSRRORSSPRCSARRSTRTPRCISTLRPARTSPNA
CCSGDGSRRORSSPRCSARRSTRTPRCISTLRPARTSPNA
CCSGDGSRRORSSPRCSARRSTRTPRCISTLRPARTSPNA
8Os gdgsII grSSpI CSaIIStrtprctst1 r part spna

s1srrGwrRAجي sE1ssRryAryyGجج RRrTRي Spg
STSTEOWTRARATSPTSSRELAELLCAMRRTPR
STSTEOWTRARATSPTSSRHLAELLCANRRTPRRCRSCRT
stst egwt rar at sptssrfl ael 1 ganI rt prIIscrt a

. KSRWKPHRlI PFLFCVPAPGSRMSS 7FAEGPC

. KSRWKPHR. I PILEOVPAPGSRMSSVFAEGPC
{KSRWKPIRGI PILIOVPAPCSRMSSVEAEGPC

eIr wtt wr kSr wkphri pf1 f cvpapgs r nss vf af gpc

280
279
279

320
319
316

336O
3359
356

400
3399
3395

44O
4339
435

480
479
475

520
519
515

559
557
555

AI174433.1 ISP1O1
Cmmeiza9_HSP1O1
Sids12_HSp1O1
Cnsensus

FREGI VS VELGv
FREGI VS VELGv
FREGI VS VELGv

vvEDG
vvEDG
vvEDGK.

582
58O
575

frfgi vsvel gvki vvedgkkkk

Figure (20): Alignment of the deduced amino acid sequences of TdHSPI0lc,
Gemmeiza9 HSPI01 and Sids12 HSPI01 obtained with DNAMAN@ software (Lyon
BioSoft, (uebec, Canada). Gaps in the sequences are indicated by dots ".' Indicate conserved
consensus sequences at last sequence. lndicate variance amino acids seuence by shading.
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Table (13): Detection of amino acid position change by Mega 6.06 program

Amino acid
AF174433.1(HSPI0Ie) Sids12_HSp101 Gemmeiza9_HSPI01

position change

88 Serine Glycine Serine

137 Glutamic acid Valine Glutamic acid

213 Serine Glycine Serine

299 Serine Glycine Serine

363 Glutamic acid Glycine Glutamic acid

367 lsoleucine Phenylalanine lsoleucine

444 lsoleucine Methionine lsoleucine

531 NO Cysteine NO

544 Arginine Glycine Arginine

595 lsoleucine Phenylalanine lsoleucine

Table (14): Amino acids frequencies %at sequences of AF174433.1 TdHSPI0lc,
Gemmeiza9 _HSPI01 and Sidsl2_HSPI01

Amino Acids

Sequence Aname Ala Cys Asp Glu Phe Gly His Ile Lys Leu Met

AF174433.1(HSP101e) 8.70 4.01 0.33 1.17 1.34 6.69 0.33 1.34 4.18 3.51 1.34

Gemmeiza9_HSP101 8.97 4.14 0.34 1.21 1.38 6.90 0.34 1.38 1.55 3.45 1.38

Sids12_HSp101 9.04 4.35 0.35 0.87 1.74 7.83 0.35 0.87 1.04 3.65 1.57

Asn Pro Gln Arg Ser Thr Val Trp Tyr Total

AF174433.1(HSP101e) 0.00 9.70 1.00 20.23 18.73 10.03 1.67 5.35 0.33 598

Gemmeiza9_HSP101 0.00 10.00 1.03 20.69 19.31 10.34 1.72 5.52 0.34 580

Sids12_HSp101 0.00 10.09 1.04 20.17 18.78 10.43 1.91 5.57 0.35 575
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Table (15): Gemmeiza9_HSPI01 and Sidsl2_HSPI01 Amino acids Relative change
%to AF174433.1 (HSPI0Lc)

Amino acid
%Relative change to AF174433.1(HSP101e)

Gemmeiza9_HSP101 Sids12_HSp101

Ala 3.10 3.90

Cys 3.20 8.40

Asp 3.00 6.00

Glu 3.40 -25.60

Phe 2.90 29.80

Gly 3.10 17.00

His 3.00 6.00

Ile 2.90 -35.00

Lys -62.90 -75.11

Leu -1.70 39.00

Met 2.98 17.00

Pro 3.10 4.00

GIn 3.00 4.00

Arg 227 - 0.29

Ser 3.10 0.26

Thr 3.10 3.90

Val 2.99 14.37

Trp 3.17 4.11

Tyr 3.00 6.00

Average 6.10 13.92
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Figure (21): Dendrogram of genetic distance based on the bread wheat Hsp101 gene single nucleotide polymorphism
markers.constructed using MFGA6.06

Table (16): Genetic distance among AF174433.1 (HSP101e), AF083344.2 (HSP01), Sids12_HSp101 and Gemmeiza9_HSP101 using
MEGA6.06

AF174433.10HSP101e)
AF083344.2 (HSPI01)

Sids12HSp101
Gemmeiza9_HSP101

AF174433.1 (HSP101e)

0.175
0.165
0.010
0.000
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AF083344.2 (HSP101)

0.023
0.183
0.175
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HSp101

0.172
0.165

Gemmeiza9
HSP101

0.010


