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Abstract
Divergent phenotypic selection was performed for flag leaf angle (FLAN)
under heat stress in five F2 populations of bread wheat (Triticum aestivum L.).
Direct responses for FLAN and correlated responses for grain yield per plant
(GYP) and thousand kernel weight (TKW) were measured. FLAN was positively
and significantly correlated with GYP and TKW under heat stress. Positive and
highly significant (P<0.01) responses to selection for FLAN were obtained in
both directions for the five populations, which were higher in magnitude in the
low direction (averaged 31.41) than those obtained in the high direction (averaged 22.0%). Selection for high FLAN produced concurrent positive and significant (P<0.05) responses in GYP in only two populations, with an average of
5.17%, which was lower in magnitude than averaged correlated responses
(8.24%) obtained in GYP for lower FLAN in four populations. Significant
(P<0.05) correlated responses to selection in TKW for higher FLAN were obtained in four populations (averaged 4.03%) and were smaller in magnitude than
those obtained for lower FLAN (averaged 9.56%). Additive gene effects were
found to be mainly controlling FLAN. Moderate realized heritability estimates
obtained for FLAN (averaged 0.53) were similar to heritability obtained by parent-offspring regression (averaged 0.50). Bulked segregant analysis (BSA) using
twelve simple sequence repeats (SSR) markers for FLAN identified three SSR
markers, namely Xgwm294-2A; Xbarc113-6A and Xwmc398-6B were able to
distinguish high from low bulks in at least two populations. Three bands specific
for high and two specific for low FLAN were generated, that could be used in the
future as markers associated with FLAN under heat stress in wheat. The information presented here could help in understanding the genetic system controlling
FLAN and its relationship with grain yield under heat stress.
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Introduction
Wheat is the third highest produced cereal crop after maize and rice
and is the leading source of plantbased protein in human food (Wu et
al., 2016). Heat stress in wheat is a
major factor caused yield reduction in
many wheat-growing regions of the
world including the Mediterranean
basin like Egypt. Heat stress at the
time of anthesis until ripeness signifi-

cantly reduces grain yield. Moreover,
heat stress that began 15 days after
anthesis and continued until complete
ripeness caused a significant effect on
kernel number and weight (Gibson
and Paulson, 1999). Heat stress aggravates the process of flag leaf senescence in wheat by decreasing the
levels of photosynthetic pigments and
through declines in photosynthetic
activity. Heat stress also damaged the
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2015; Yang et al., 2016). Therefore,
flag leaf characteristics have been
considered to be important determinants of grain yield in cereals crops
including wheat (Chen et al., 1995;
Hirota et al., 1990; Simon, 1999).
Furthermore, flag leaf traits provide a
potential target for selection (Blake et
al., 2007). In addition, leaf angle is
more important in determining the
degree of light penetration into the
canopy (Williams and Kwi, 1967).
However, to date, little information is
available on the genetic mechanisms
of flag leaf traits in wheat (Wu et al.,
2016).
Therefore, in the present study,
divergent phenotypic selection was
applied for flag leaf angle under heat
stress to five F2 populations of bread
wheat (Triticum aestivum L.). The
objectives were (1) to estimate the
response to selection for flag leaf angle and the correlated responses in
both grain yield per plants and thousand kernel weight; and (2) to identify molecular markers associated
with FLAN using Bulked Segregant
Analysis (BSA).
Materials and Methods
The plant material and field experiment
The plant material utilized in the
present study consisted of five F2
populations derived from crosses established between six advanced lines
of bread wheat (Triticum aestivum L.)
selected for cell membrane thermostability (CMS) at the department of
Genetics, Faculty of Agriculture, Assiut University, Egypt. The five
crosses were: L9 x L1, L7 x L6, L9 x
L2, L7 x L10 and L9 x L10.
In 2012 -2013 season, 150-200
seeds were taken from each of the

ultrastructure of organelles such as
chloroplasts, nuclei and mitochondria
(Feng et al., 2014).
Heat tolerance in wheat would
be improved by selecting and developing genotypes with heat tolerance.
Improvement grain yield under heat
stress implies selecting genotypes for
grain size and rate of grain filling
(Farooq et al., 2011). Breeding for
heat tolerance is further complicated
since several types of abiotic stress
can challenge crop plants simultaneously. A range of heat tolerance indicators including yield, morphological
and physiological traits has been suggested to be used for screening wheat
genotypes under heat stress conditions (El-Rawy and Youssef, 2014;
Hassan et al., 2016). Genetic associations of various molecular markers
including SSRs with heat tolerance
have been reported in wheat (Sofalian
et al., 2008; Ciuca and Petcu, 2009;
Barakat et al., 2012). Moreover,
quantitative and molecular characterization of heat tolerance in hexaploid wheat has also been reported
(Yang et al., 2002). Therefore, integrating biotechnological tools with
conventional breeding techniques will
help to develop wheat varieties with
better grain yield under heat stress
during reproductive and grain-filling
phases (Farooq et al., 2011).
In cereal crops, the top three
leaves on the stem, especially flag
leaf are the primary source of carbohydrates production (Sicher, 1993).
The flag leaf could produce a large
proportion of the carbohydrates
stored in grains, and it is responsible
for regulating final plant growth and
yield formation in cereal crops
(Biswal and Kohli, 2013; Tian et al.,
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five F2 populations and sown at the
Experimental Farm of the Faculty of
Agriculture, Assiut University, Egypt
on the 3rd of December as a favorable
sowing date and on the 14th of January
as a late sowing date to allow the late
sown plants to be subjected to the
heat stress which usually develop
later in the season.
Plants were arranged in rows of
10 plants spaced 30 cm apart with
plants within rows set 30 cm from
each other. Field observations and
measurements for individual plants of
each population were recorded for the
following characters:
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Statistical analysis
Pearson’s correlation coefficients among different traits and distribution of F2 populations for FLAN
under heat stress were carried out using analysis and chart tools of Microsoft Excel. To test the significance of
differences among selected families
in both directions as well as the bulks
of each population, phenotypic data
were statistically analyzed using the
analyis of variance. Direct response
to selection (R), the difference between the mean phenotypic value of
the offspring of the selected parents
and the whole of the parental generation before selection for FLAN in the
high and low directions, and correlated responses to selection for GYP
and TKW were obtained.
Heritability estimation
Heritability of each trait was estimated by the following two methods:
1. Realized heritability, was
calculated as:

1. GYP: grain yield per plant (g).
2. TKW: thousand kernel weight (g).
3. FLAN: flag leaf angle (°) = the angle between the flag leaf and stem.

Selection procedure:
Divergent phenotypic selection
for FLAN was applied to the late
sown F2 plants of each of the five
populations (individual selection).
The highest and lowest five plants in
FLAN score were selected for each
population (selection intensity ranged
from 0.036 to 0.047). Equal numbers
of seeds were pooled from the F2
plants of each population to form the
F3 bulks.
In 2013-2014 season, the selected F3 families of the five populations were sown on the 5th of January
(heat stress condition) along the F3
bulks in a randomized complete block
design (RCBD) with three replications. The late sowing date was so
chosen as to expose the selected
plants to heat stress resulting when
temperature rises late in the growing
season. GYP, TKW and FLAN
measurements of the selected F3 families as well as the F3 bulks were recorded.

h2 

H
H

S
B

 LS 
 LB 

Where: HS and LS are the average of the selected F3 families in the
high and low directions , respectively
while H B and LB are the average of
the F2 plants selected for that trait in
the two directions (Ibrahim and
Quick, 2001).
2. Parent-offspring regression
(bpo) was calculated by regressing the
means of the F3 selected families on
the values of their corresponding progenitor F2 plants.
Bulked segregant analysis (BSA)
In order to identify molecular
markers associated with flag leaf an-
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gel, as an indicator for heat tolerance,
in specific genomic regions, the five
F2 populations were subjected to BSA
(Quarrie et al., 1999) with twelve
wheat microsatellite or simple sequence repeats (SSR) markers,
namely
Xgwm291,
Xgwm294,
Xgwm339, Xgwm356, Xgwm484,
Xgwm493, Xgwm577, Xwmc273,
Xwmc398, Xwmc596, Xbarc113 and
Xbarc121. The highest and lowest
five plants selected from each of the
F2 populations were used to construct
two DNA bulks for BSA. DNA extraction was carried out according to
the cetyltrimethylammonium bromide
(CTAB) method for plant tissues
(Murray and Thompson, 1980) with
some modifications. DNA quality and
concentration were determined using
a spectrophotometer according to
Stulnig and Amberger (1994) and
Khirshyat
1.0
micro-program
(Youssef, 2012).
SSR markers analysis
Primers sequences and PCR
conditions of SSR markers were obtained by GrainGenes Database for
Triticeae
and
Avena
(http://wheat.pw.usda.gov). PCR amplifications were performed in a SensoQuest LabCycler (SensoQuest
GmbH, Göttingen, Germany). PCR
products were separated on 2.5% agarose gels in 0.5× TBE buffer. A
100bp HyperLadder™ was used to
estimate the size of each amplified
DNA fragment. Putative polymorphisms among the two bulks of the
five populations were detected for
each marker separately. Only strong,
reproducible, and clearly distinguished bands were considered. Polymorphic markers were analyzed,
and the percentage of polymorphism

for each marker was calculated by
dividing the number of polymorphic
bands with the total number of amplified bands.
Results
Performance of the F2 populations
The FLAN of the five populations ranged from 8° in population-1
to 75° in population-5 with an average of 37.78° across all populations
(data not shown). Correlation coefficients (Table 1) showed that FLAN
was positively and significantly correlated with GYP in population-1 (r=
0.23, P<0.05), population-2 (r= 0. 26,
P<0.01), population-3 (r= 0. 25,
P<0.01) and population-4 (r= 0.22,
P<0.05). Whereas, positive and significant correlations were found between FLAN and TKW in population-2 (r= 0. 21, P<0.05) and population-3 (r= 0. 20, P<0.05). The frequency distribution of each of the
five F2 populations for flag leaf angle
under late sowing date (Fig. 1) was
continuous and approached normality, indicating that FLAN is under the
control of polygenes and amenable to
selection.
Means FLAN of the selected F2
plants ranged from 49.0 in population-2 to 72.6 in population-5 in the
high direction, with an average of
62.84°. Whereas, in the low direction
means FLAN ranged from 8.6 in
population-1 to 21.4 in population-5,
with an average of 14.20°. The selection differentials in the high FLAN
direction were of comparable magnitude for the five populations ranging
from 22.21 in population-2 to 26.90
in population-3, with an average of
25.06%. However, the selection differential in the low direction was
much smaller in magnitude in popula-
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tion-2 being 15.79%, while it was
higher in magnitude in population-3
(30.10%) than those obtained in the
high direction in the five populations,
with an average of 23.38% (Table 2).
Responses to selection and heritability estimates
The analysis of variance for
FLAN (data not shown) revealed
highly
significant
differences
(P<0.01) between the F3 families selected for high and those selected for
low FLAN in the five F2 populations.
Positive and high significant (P<0.01)
responses to selection for FLAN were
obtained in both high and low directions in the F3 families of the five
populations (Table 3). The mean
FLAN of the selected families reduced from 64.84 in population-4 to
31.48° in population-1. The highest
reduction (46.48%) was observed in
population-3 and the lowest (37.96%)
was found in population-4, with an
average reduction of 42.95%. The %
responses ranged from 15.08% in
population-1 to 26.67% in population-3 in the high direction, and
ranged from 24.1% in population-5 to
35.92% in population-1 in the low
FLAN direction. It is observed that,
the % responses in the low direction
(averaged 31.41) were higher in
magnitude than those obtained in the
high direction (averaged 22.0%).
Moderate realized heritability values
were observed for FLAN which
ranged from 0.40 to 0.66 (averaged
0.53) and were found to be similar
and corresponded to heritability estimates obtained by the parentoffspring regression, ranged from
0.41 to 0.56 with an average of 0.50.
Correlated responses to selection
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The correlated response to selection in GYP in the high direction
was found to be significant (P<0.05)
in population-1 (4.75%) and population-3 (5.58%). However, the correlated responses in the low FLAN direction was highly significant
(P<0.05) in population-2, whereas
significant
correlated
responses
(P<0.05) were found in population-1,
population-3 and population-4. The
lowest significant correlated response
to selection in the low direction was
observed in population-1 being
3.77%, while the highest correlated
response (10.45) was found in population-2, with an average of 8.24%
(Table 4).
Significant (P<0.05) and low
correlated responses to selection in
TKW in the high direction were observed in four of the five populations
and ranged from 2.98 in population-1
to 5.01% in population-5 (averaged
4.03%). However, the correlated responses in TKW for lower FLAN
ranged from 5.98 in population-1 to
12.08% in population-2 and were
found to be highly significant
(P<0.01) and higher in magnitude
(averaged 9.56%) than those obtained
in the high direction (Table 5).
Molecular marker analysis
In order to identify SSR markers associated with flag leaf angel, as
an indicator for heat tolerance, the
five F2 populations were subjected to
BSA using SSR markers. Out of
twelve SSR markers tested, four
SSRs (33.3%) namely Xgwm294,
Xgwm356, Xwmc398 and Xbarc113
located on chromosomes 2A, 2A, 6B
and 6A, respectively, were polymorphic. A total number of 38 bands
were amplified and ranged from 6 for
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Xwmc398-6B to 15 for Xgwm2942A, with an average of 9.5 bands per
marker. Of the 38 bands amplified
with 4 SSRs, 25 bands (65.8%) were
polymorphic, with an average of 6.3
polymorphic bands per marker. The
lowest polymorphism (50.0%) was
obtained with Xwmc398-6B, whereas
the highest polymorphism (80.0%)
was produced with Xgwm294-2A
(Table 6).
Three out of the four polymorphic SSRs were able to distinguish
high from low bulks in at least two
populations. The marker Xgwm2942A generated a specific band (404bp)
for high FLAN in four populations,
and another specific band (684bp) for
low FLAN was present in three populations. A specific band (166bp) for
high FLAN was also generated by
Xbarc113-6A, but only in two populations. The marker Xwmc398-6B
amplified a specific band (317bp) for
high FLAN and another specific band
(785bp) for low FLAN, and both
bands were presented in population-1,
population-4 and population-5 (Fig.
2).
Discussion
Flag leaf characteristics have
been considered to be important determinants of grain yield in cereals
crops including wheat (Chen et al.,
1995; Hirota et al., 1990; Simon,
1999), and could provide a potential
target for selection (Blake et al.,
2007). Therefore, in the present
study, divergent phenotypic selection
was applied for flag leaf angle under
heat stress to five F2 populations of
bread wheat (Triticum aestivum L.).
The positive and significant responses to divergent selection for
FLAN obtained in the five popula-

tions used in the present study, in
both directions, indicated the presence of abundant additive genetic
variation among F2 segregates allowing such responses to occur. To date,
little information is available on the
genetic mechanisms of flag leaf traits
in wheat (Wu et al., 2016). Additive
gene effects were reported to be
mainly controlling FLAN in wheat
(Nigam and Srivastava, 1976; Borojevic and Kraljevic-Balalic, 1984;
Simon, 1999). Isidro et al. (2012) reported that multiple genes controlling
leaf angle. However, Cristaldo et al.
(1992) found one gene with at least
three distinct alleles controlling the
expression of leaf angle. Joshi and
Chand (2002) reported that leaf angle
was under the control of approximately three genes. The majority of
studies provide evidence that leaf angle is a quantitative trait with vertical
angle partially dominant over the
horizontal angle (Wu et al., 1984).
Moreover, the quantitative control of
leaf angle is not fixed but changed as
the plant matures; indicating that the
genetic variation of this trait decreased through adult plant growth
stages (Isidro et al., 2012).
Moderate to rather high heritability estimates obtained here for
FLAN either realized (averaged 0.53)
or estimated by the parent-offspring
regression (averaged 0.50) were
higher in magnitude than those reported by Simon (1999) for FLAN in
four wheat crosses (averaged 36.1%).
Positive and significant concurrent
responses in GYP with selection for
higher FLAN were obtained in two
populations, with an average of
5.17%, which was lower in magnitude than the averaged correlated re-
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sponses (8.24%) obtained in GYP for
lower FLAN in four populations. The
correlated responses to selection in
TKW for higher FLAN obtained in
four populations (averaged 4.03%)
were much smaller in magnitude than
those obtained for lower FLAN (averaged 9.56%).
The relationship between flag
leaf angle and grain yield has been
studied with variable results. Singh et
al. (2008) found that flag leaf angle
was positively and significantly correlated with grain yield in bread
wheat. Araus and Slafer (2002) stated
that stress during plant development
causes changes in canopy features
and produces horizontal leaves.
Higher flag leaf angle should cause
light influence into the canopy and, in
turn, increase in grain yield (Lonbani
and Arzani, 2011). It has been reported that horizontal leaves in wheat
retain dew better and longer than vertically disposed leaves and, therefore,
maintain a better water balance under
non-irrigated conditions (Henry,
2006). However, Yap and Harvey
(1972) and Winter and Ohlrogge
(1973) could not detect any significant beneficial effect of leaf angle on
crop growth rate in barley and maize,
respectively. Advantages of erect
leaves in giving increased crop
growth rate and grain yield has been
demonstrated in wheat (Maksimchuk,
1966; Tanner et al., 1966). Erect
leaves can enhance photosynthesis
and dry matter production by greater
sunlight capture (Duncan, 1971;
Isidro et al., 2012). However, the advantage of erect leaves is determined
by the crop canopy and growing conditions (Yap and Harvey, 1972). If
varieties were developed with a
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higher leaf area index at population
density giving maximum yield and/or
in environment-management situations capable of supporting a higher
leaf area index, upright leaves might
increase grain yield significantly
(Duncan,
1971;
Nigam
and
Srivastava, 1976). Horizontal leaves
have maximum crop growth rates
with leaf area index less than 4, but
vertical leaves are thought to be superior with leaf area index greater than
4 (Loomis et al., 1967).
In our study, FLAN was positively and significant correlated with
both GYP and TKW under heat stress
condition. Optimum plant spacing for
seed production was used. Moreover,
the largest FLAN does not exceed
75°, which in turn does not allow
shading of the lower leaf by a horizontal flag leaf directly above. In this
regards, several aspects can affect
leaf angle including plant densities
(Pepper et al., 1976), temperature
(Ledent and Moss, 1977), light intensity and wavelength (Kimura 1974,
1977). Adjustment of leaf angle improves biomass yield through light
interception (Foulkes et al., 2007,
2009; Reynolds et al., 2009). Hasanuzzaman et al., (2013) reported that,
high temperature can affect the degree of leaf rolling in many plants.
Moreover, the amount of shading of
the lower leaf, by a horizontal leaf
directly above, rapidly decreased as
distance between the leaves increased
(Whigham, 1971).
Understanding of the genetic
control of leaf angle can be furthered
with quantitative trait loci (QTL)
mapping to discover their chromosomal locations (Isidro et al., 2012).
However, there are very few investi-
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consensus map, Yang et al., (2016)
identified a total of 55 additive and
51 pairs of epistatic QTLs on all the
21 chromosomes of bread wheat except 6D. A cytogenetic study by Li et
al., (1992) in common wheat showed
that chromosome 2D carried genes
controlling leaf angle. In conclusion,
the information presented here could
help in understanding the genetic
control involved in the inheritance of
flag leaf angle and its relationship
with grain yield under heat stress
conditions in wheat. Moreover, SSR
markers identified using BSA could
be used as markers associated with
FLAN under heat stress. Validation
of these markers, by genotyping the
whole F2 populations, is still required
to allow implementation of markerassisted selection (MAS) in wheat.

gations on identifying the genomic
regions controlling this trait in wheat
using molecular markers. In the present study, BSA for FLAN revealed
that three SSR markers (Xgwm2942A; Xbarc113-6A and Xwmc398-6B)
were able to distinguished high from
low bulks in at least two populations.
Three bands specific for high and two
specific bands for low FLAN were
generated, that could be used in the
future as markers associated with
FLAN under heat stress in wheat, indicating the suitability of SSR markers for identifying QTLs for FLAN
on different wheat chromosomes.
Similarly, by using 423 microsatellite
primer pairs, Isidro et al., (2012 identified large-effect QTL for flag-leaf
angle on chromosomes 2A, 2B, 3A,
3B, 4B, 5B and 7A of durum wheat.
Recently, using a wheat microsatellite
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Table 1. Correlation coefficients among the studied traits in the five F2 populations
under heat stress conditions.
Traits

Pop. 1

Pop. 2

Pop. 3

Pop. 4

Pop. 5

FLAN with GYP

0.23*

0.26**

0.25**

0.22*

-0.06

FLAN with TKW

0.14

0.21*

0.20*

0.09

-0.05

0.41**

0.57**

0.53**

0.47**

0.62**

TKW with GYP

Table 2. Means of FLAN of the five F2 populations under heat stress condition as
well as means of the plants selected in the high and low direction.
Means of the selected
F2 plants

Pop.
No.

Base
population
Mean

High

Low

High

Low

1

30.65

56.00

8.60

25.35

22.05

2

26.79

49.00

11.00

22.21

15.79

3

43.10

70.00

12.00

26.90

30.10

4

42.27

66.60

18.00

24.33

24.27

5

46.11

72.60

21.40

26.49

24.71

Mean

37.78

62.84

14.20

25.06

23.38

Selection differential

Table 3. Observed response to selection in the F3 families for FLAN in the
high and low directions as well as realized heritability and parentoffspring regressions (bpo).
Pop. No.

Pop. 1

Pop. 2

Pop. 3

Pop. 4

Pop. 5

Mean

% OR

Mean

% OR

Mean

% OR

Mean

% OR

Bulk

49.13

-

46.69

-

47.46

-

52.08

-

44.2

-

High

56.53

15.08**

56.65

21.33**

60.11

26.67**

64.84

24.50**

54.0

22.4**

Low

31.48

35.92**

31.61

32.29**

32.17

32.20**

37.73

27.55**

33.5

24.1**

Realized
heritability
bpo ± se

Mean % OR

0.53

0.66

0.48

0.56

0.40

0.53** ± 0.039

0.50** ± 0.021

0.48** ± 0.074

0.56** ± 0.072

0.41** ± 0.063

*, ** Significant at P< 0.05 and P< 0.01, respectively. % OR: the observed response to selection, bpo:
parent-offspring regression.
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Table 4. Correlated responses to selection in GYP in the high and low directions.
Pop. No.

Pop. 1

Pop. 2

Pop. 3

Pop. 4

Pop. 5

Mean

% CR

Mean

% CR

Mean

% CR

Mean

% CR

Mean % CR

Bulk

39.29

-

39.29

-

31.05

-

30.95

-

33.06

-

High

41.15

4.75*

39.50

0.53

32.78

5.58*

31.50

1.78

33.40

1.04

Low

37.81

3.77*

35.18

10.45**

28.34

8.73*

27.85

10.02*

31.72

4.03

*, ** Significant at P< 0.05 and P< 0.01, respectively. % CR: the correlated response to selection.

Table 5. Correlated responses to selection in TKW in the high and low directions.
Pop. No.

Pop. 1

Pop. 2

Pop. 3

Pop. 4

Pop. 5

Mean

% CR

Mean

% CR

Mean

% CR

Mean

% CR

Mean % CR

Bulk

53.25

-

48.50

-

46.64

-

47.13

-

44.24

-

High

54.83

2.98*

50.59

4.31*

47.71

2.29

48.93

3.81*

46.46

5.01*

Low

50.06

5.98**

42.64

12.08**

42.00

9.95**

42.31

10.24**

43.52

1.63

*, ** Significant at P< 0.05 and P< 0.01, respectively. % CR: the correlated response to selection.

Table 6. Polymorphism detected between high and low bulks for FLAN in the five
F2 populations using four SSR markers.
Marker
Name

CL

Xgwm294

2A

Xgwm356

2A

Xwmc398

6B

Xbarc113

6A

Sequence (5' - 3')

FR

F: GGATTGGAGTTAAGAGAGAACCG
97-684
R: GCAGAGTGATCAATGCCAGA
F: AGCGTTCTTGGGAATTAGAGA
181-564
R: CCAATCAGCCTGCAACAAC
F: GGAGATTGACCGAGTGGAT
167-785
R: CGTGAGAGCGGTTCTTTG
F: GCGCACAACAACGGACACTTAACAATT
72-386
R:GGGACTCATTTAGCTTCTACTCGCCATTA

TB

PB

%P

15

12

80.0

9

5

55.6

6

3

50.0

8

5

62.5

Total

-

38

25

-

Average

-

9.5

6.3

65.8

Cl: Chromosol location of a marker, FR: fragment range (bp), TB: number of total bands, PB: number of
polymorphic bands, %P: percentage of polymorphism.
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Fig. 1. Frequency distribution of the five F2 populations for FLAN under heat stress.
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Xgwm294-2A

Xgwm356-2A

Xwmc398-6B

Xbarc113-6A

Fig. 2. DNA amplification patterns obtained using BSA of FLAN in the five populations. M is the 100bp DNA ladder. Differences between the high (H) and low (L)
bulks were detected using Xgwm294-2A, Xwmc398-6B and Xbarc113-6A markers. Arrows indicate polymorphic bands obtained which distinguished the high
from low bulk.
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ﺍﻻﻨﺘﺨﺎﺏ ﺍﻟﻤﻅﻬﺭﻱ ﻭﺘﺤﻠﻴل ﻀﻡ ﺍﻻﻨﻌﺯﺍﻻﺕ ﺍﻟﻤﺘﻔﺎﺭﻗﺔ ﻟﺼﻔﺔ ﺯﺍﻭﻴﺔ ﻤﻴل ﻭﺭﻗﺔ ﺍﻟﻌﻠﻡ ﺘﺤﺕ ﺍﻻﺠﻬﺎﺩ
ﺍﻟﺤﺭﺍﺭﻱ ﻓﻲ ﻗﻤﺢ ﺍﻟﺨﺒﺯ
ﻤﺤﻤﺩ ﺇﺒﺭﺍﻫﻴﻡ ﻤﺤﻤﺩ ﺤﺴﻥ ،ﻤﺤﻤﻭﺩ ﺃﺒﻭ ﺍﻟﺴﻌﻭﺩ ﺍﻟﺭﺍﻭﻱ ،ﻋﻠﻲ ﻤﺤﻤﺩ ﻋﻠﻲ ،ﻤﺤﻤﺩ ﻤﺤﻤﻭﺩ ﺤﺴﻴﺏ ﺍﻟﺩﻓﺭﺍﻭﻱ
ﻗﺴﻡ ﺍﻟﻭﺭﺍﺜﺔ – ﻜﻠﻴﺔ ﺍﻟﺯﺭﺍﻋﺔ – ﺠﺎﻤﻌﺔ ﺃﺴﻴﻭﻁ – ﺠﻤﻬﻭﺭﻴﺔ ﻤﺼﺭ ﺍﻟﻌﺭﺒﻴﺔ

ﺍﻟﻤﻠﺨﺹ
ﺘﻡ ﺍﺠﺭﺍﺀ ﺍﻨﺘﺨﺎﺏ ﺜﻨﺎﺌﻲ ﺍﻻﺘﺠﺎﻩ ﻟﺼﻔﺔ ﺯﺍﻭﻴﺔ ﻤﻴل ﻭﺭﻗﺔ ﺍﻟﻌﻠـﻡ ﺘﺤـﺕ ﻅـﺭﻭﻑ ﺍﻻﺠﻬـﺎﺩ
ﺍﻟﺤﺭﺍﺭﻱ ﻓﻲ ﺍﻟﺠﻴل ﺍﻟﺜﺎﻨﻲ ﻟﺨﻤﺱ ﻋﺸﺎﺌﺭ ﻤﻥ ﻗﻤﺢ ﺍﻟﺨﺒﺯ .ﻭﺘﻡ ﺘﻘﺩﻴﺭ ﺍﻻﺴﺘﺠﺎﺒﺔ ﺍﻟﻤﺒﺎﺸﺭﺓ ﻟﻼﻨﺘﺨﺎﺏ
ﻟﺼﻔﺔ ﺯﺍﻭﻴﺔ ﻤﻴل ﻭﺭﻗﺔ ﺍﻟﻌﻠﻡ ﻭﻜﺫﻟﻙ ﺍﻻﺴﺘﺠﺎﺒﺔ ﺍﻟﻤﺘﻼﺯﻤﺔ ﻟﺼﻔﺘﻲ ﻤﺤﺼﻭل ﺍﻟﺤﺒﻭﺏ ﻟﻠﻨﺒﺎﺕ ﺍﻟﻭﺍﺤﺩ
ﻭﻭﺯﻥ ﺍﻷﻟﻑ ﺤﺒﺔ .ﺍﻅﻬﺭﺕ ﺯﺍﻭﻴﺔ ﻤﻴل ﻭﺭﻗﺔ ﺍﻟﻌﻠﻡ ﺍﺭﺘﺒﺎﻁﺎﹰ ﻤﻭﺠﺒﺎﹰ ﻭﻤﻌﻨﻭﻱ ﺠـﺩﺍﹰ ﻤـﻊ ﻜـل ﻤـﻥ
ﻤﺤﺼﻭل ﺍﻟﺤﺒﻭﺏ ﻟﻠﻨﺒﺎﺕ ﻭﻭﺯﻥ ﺍﻷﻟﻑ ﺤﺒﺔ .ﻭﺠﺩﺕ ﺍﺴﺘﺠﺎﺒﺔ ﻤﻭﺠﺒﺔ ﻭﻤﻌﻨﻭﻴـﺔ ﺠـﺩﺍﹰ ﻟﻼﻨﺘﺨـﺎﺏ
ﻟﺯﺍﻭﻴﺔ ﻤﻴل ﻭﺭﻗﺔ ﺍﻟﻌﻠﻡ ﻓﻲ ﻜﻼ ﺍﻻﺘﺠﺎﻫﻴﻥ ﻓﻲ ﺍﻟﺨﻤﺴﺔ ﻋﺸﺎﺌﺭ ،ﺤﻴﺙ ﻜﺎﻨﺕ ﺍﻻﺴﺘﺠﺎﺒﺔ ﻓﻲ ﺍﻻﺘﺠـﺎﻩ
ﺍﻟﻤﻨﺨﻔﺽ )ﺒﻤﺘﻭﺴﻁ ﻗﺩﺭﻩ  (%٣١,٤١ﺃﻋﻠﻲ ﻓﻲ ﺍﻟﻤﻘﺩﺍﺭ ﻤﻥ ﺍﻻﺴـﺘﺠﺎﺒﺔ ﻓـﻲ ﺍﻻﺘﺠـﺎﻩ ﺍﻟﻤﺭﺘﻔـﻊ
)ﺒﻤﺘﻭﺴﻁ ﻗﺩﺭﻩ  .(%٢٢,٠ﻭﺃﺩﻱ ﺍﻻﻨﺘﺨﺎﺏ ﻓﻲ ﺍﻻﺘﺠﺎﻩ ﺍﻟﻤﺭﺘﻔﻊ ﻟﺯﺍﻭﻴﺔ ﻤﻴل ﻭﺭﻗﺔ ﺍﻟﻌﻠﻡ ﺇﻟﻰ ﺍﺴﺘﺠﺎﺒﺔ
ﻤﺘﻼﺯﻤﺔ ﻤﻭﺠﺒﺔ ﻭﻤﻌﻨﻭﻴﺔ ﻓﻲ ﻤﺤﺼﻭل ﺍﻟﺤﺒﻭﺏ ﻟﻠﻨﺒﺎﺕ ﺍﻟﻭﺍﺤﺩ ﻓﻲ ﻋﺸﻴﺭﺘﻴﻥ ﻓﻘﻁ ﺒﻤﺘﻭﺴـﻁ ﻗـﺩﺭﻩ
 ،%٥,١٧ﻭﺍﻟﺘﻲ ﻜﺎﻨﺕ ﻤﻨﺨﻔﻀﺔ ﻓﻲ ﻤﻘﺩﺍﺭﻫﺎ ﻋﻥ ﻤﺘﻭﺴﻁ ﺍﻻﺴﺘﺠﺎﺒﺔ ﺍﻟﻤﺘﻼﺯﻤـﺔ ﻟﻼﻨﺘﺨـﺎﺏ ﻓـﻲ
ﺍﻻﺘﺠﺎﻩ ﺍﻟﻤﻨﺨﻔﺽ ) (%٨,٢٤ﻭﺍﻟﺫﻱ ﺘﻡ ﺍﻟﺤﺼﻭل ﻋﻠﻴﻪ ﻓﻲ ﺃﺭﺒﻌﺔ ﻋﺸﺎﺌﺭ .ﻜﻤﺎ ﻭﺠـﺩﺕ ﺍﺴـﺘﺠﺎﺒﺔ
ﻤﺘﻼﺯﻤﺔ ﻭﻤﻌﻨﻭﻴﺔ ﻓﻲ ﻭﺯﻥ ﺍﻷﻟﻑ ﺤﺒﺔ ﻋﻨﺩ ﺍﻻﻨﺘﺨﺎﺏ ﻻﺭﺘﻔﺎﻉ ﺯﺍﻭﻴﺔ ﻤﻴل ﻭﺭﻗﺔ ﺍﻟﻌﻠﻡ ﻓـﻲ ﺃﺭﺒﻌـﺔ
ﻋﺸﺎﺌﺭ ﺒﻤﺘﻭﺴﻁ ﻗﺩﺭﻩ  ،%٤,٠٣ﻭﺍﻟﺘﻲ ﻜﺎﻨﺕ ﺃﻗل ﻓﻲ ﺍﻟﻤﻘﺩﺍﺭ ﻤﻥ ﺍﻻﺴﺘﺠﺎﺒﺔ ﺍﻟﻤﺘﻼﺯﻤـﺔ ﺍﻟﺘـﻲ ﺘـﻡ
ﺍﻟﺤﺼﻭل ﻋﻠﻴﻬﺎ ﻓﻲ ﺍﻻﺘﺠﺎﻩ ﺍﻟﻤﻨﺨﻔﺽ ﺒﻤﺘﻭﺴﻁ ﻗﺩﺭﻩ  .%٩,٥٦ﻜﺎﻨﺕ ﺍﻵﺜﺎﺭ ﺍﻟﺠﻴﻨﻴﺔ ﺍﻟﻤﻀﻴﻔﺔ ﻫـﻲ
ﺍﻟﻤﺘﺤﻜﻡ ﺍﻟﺭﺌﻴﺴﻲ ﻓﻲ ﺼﻔﺔ ﺯﺍﻭﻴﺔ ﻤﻴل ﻭﺭﻗﺔ ﺍﻟﻌﻠﻡ .ﻜﻤﺎ ﻜﺎﻨﺕ ﻗﻴﻡ ﺍﻟﻤﻜﺎﻓﺊ ﺍﻟﻭﺭﺍﺜﻲ ﺍﻟﻤﺘﺤﻘﻕ ﻤﻌﺘﺩﻟﺔ
)ﺒﻤﺘﻭﺴﻁ  (٠,٥٣ﻭﻤﻤﺎﺜﻠﺔ ﻟﻘﻴﻡ ﺍﻟﻤﻜﺎﻓﺊ ﺍﻟﻭﺭﺍﺜﻲ ﺍﻟﺘﻲ ﺘﻡ ﺍﻟﺤﺼﻭل ﻋﻠﻴﻬﺎ ﻤﻥ ﺨﻼل ﺍﻨﺤﺩﺍﺭ ﺍﻟﻨـﺴل
ﻋﻠﻰ ﻤﺘﻭﺴﻁ ﺍﻷﺒﻭﻴﻥ )ﺒﻤﺘﻭﺴﻁ  .(٠,٥٠ﻭﺃﺩﻯ ﺘﺤﻠﻴل ﻀﻡ ﺍﻻﻨﻌﺯﺍﻻﺕ ﺍﻟﻤﺘﻔﺎﺭﻗﺔ ﻟﺼﻔﺔ ﺯﺍﻭﻴﺔ ﻤﻴـل
ﻭﺭﻗﺔ ﺍﻟﻌﻠﻡ ﺒﺎﺴﺘﺨﺩﺍﻡ ﺍﺜﻨﺎ ﻋﺸﺭ ﻭﺍﺴﻡ  SSRﺇﻟﻰ ﺘﺤﺩﻴﺩ ﺜﻼﺜﺔ ﻭﺍﺴـﻤﺎﺕ ﻫـﻲ ، Xgwm294-2A
 Xwmc398-6B ، Xbarc113-6Aﻜﺎﻨﺕ ﻗﺎﺩﺭﺓ ﻋﻠﻰ ﺘﻤﻴﻴﺯ ﺍﻟﻤﺠﻤﻭﻋـﺔ ﺍﻟﻤﺭﺘﻔﻌـﺔ ﺒﺎﻟﻨـﺴﺒﺔ
ﻟﺯﺍﻭﻴﺔ ﻤﻴل ﻭﺭﻗﺔ ﺍﻟﻌﻠﻡ ﻋﻥ ﺍﻟﻤﺠﻤﻭﻋﺔ ﺍﻟﻤﻨﺨﻔﻀﺔ ﻓﻲ ﻋﺸﻴﺭﺘﻴﻥ ﻋﻠﻰ ﺍﻷﻗل .ﻨﺘﺠﺕ ﺜﻼﺜـﺔ ﺤـﺯﻡ
ﺨﺎﺼﺔ ﺒﺎﺭﺘﻔﺎﻉ ﺯﺍﻭﻴﺔ ﻤﻴل ﻭﺭﻗﺔ ﺍﻟﻌﻠﻡ ﻭﺤﺯﻤﺘﻴﻥ ﺨﺎﺼﺘﻴﻥ ﺒﺎﻨﺨﻔﺎﻀﻬﺎ  ،ﻭﺍﻟﺘﻲ ﻴﻤﻜﻥ ﺍﺴﺘﺨﺩﺍﻤﻬﺎ ﻓﻲ
ﺍﻟﻤﺴﺘﻘﺒل ﻜﻭﺍﺴﻤﺎﺕ ﻤﺭﺘﺒﻁﺔ ﺒﺯﺍﻭﻴﺔ ﻤﻴل ﻭﺭﻗﺔ ﺍﻟﻌﻠـﻡ ﺘﺤـﺕ ﺍﻻﺠﻬـﺎﺩ ﺍﻟﺤـﺭﺍﺭﻱ ﻓـﻲ ﺍﻟﻘﻤـﺢ.
ﻭﺍﻟﻤﻌﻠﻭﻤﺎﺕ ﺍﻟﻨﺎﺘﺠﺔ ﻤﻥ ﺍﻟﺒﺤﺙ ﻴﻤﻜﻥ ﺃﻥ ﺘﺴﺎﻋﺩ ﻓﻲ ﻓﻬﻡ ﺍﻟﻨﻅﺎﻡ ﺍﻟﻭﺭﺍﺜﻲ ﺍﻟﻤﺘﺤﻜﻡ ﻓﻲ ﺼﻔﺔ ﺯﺍﻭﻴـﺔ
ﻤﻴل ﻭﺭﻗﺔ ﺍﻟﻌﻠﻡ ﻭﻋﻼﻗﺘﻬﺎ ﻤﻊ ﻤﺤﺼﻭل ﺍﻟﺤﺒﻭﺏ ﺘﺤﺕ ﻅﺭﻭﻑ ﺍﻹﺠﻬﺎﺩ ﺍﻟﺤﺭﺍﺭﻱ.

71

