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Abstract

A field experiment was conducted in the fields of a farmer on the right bank of the Euphrates River in the city of Ramadi/
the center of Anbar Governorate, which is located at longitude 43° and latitude 33°. Five genotypes of bread wheat were
used, it was introduced into diallel crosses in the winter season 2018-2019 to produce 10 single cross hybrids. Parents
and their half-diallel hybrids were planted in the winter season 2019-2020 according to a randomized complete block
design (RCBD) with three replications, with the aim of studying the effects of general and specific combining ability to
some genetic parameters in addition to the ISSR molecular index. The variance of general and specific combining ability
was significant in all studied traits. The G12 genotype was the best genotype in terms of general combining ability of
grain yield, While the best hybrid in terms of special federation was (Babylon x Buhooth 10) in the yield of plant grains
and (99 IPA x G12) in the number of grains per spike and the weight of 1000 grains. The ratio between the general com-
bining ability variance (GCA) to the specific (SCA) was less than one for all the studied traits, this indicates that there is a
dominant gene action that controls heredity. The values of dominance genetic variance were greater than the values of
additive genetic variance for all studied traits, this was reflected in a decrease in the values of the heritability ratio in the
narrow sense and an increase in the average degree of dominance over one for all the studied traits. With regard to the
molecular analysis, the results show that the total produced bundles amounted to 93 total bundles, of which 85 were
polymorphism, the molecular sizes of the replicated bundles ranged from 2200-350 bp. The two primers (UBC758 and
UBC805) had the highest percentage of Polymorphism bundles of 100%. The new combinations can be used to produce
single cross hybrids with a specific combining ability to produce a high yield, because most of her trait were under the
influence of the dominance and over dominance, the ISSR index is highly efficient in diagnosing purity and genetic diver-
gence between the genotypes of wheat.
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Introduction However, the gap between global production and
demand still exists and is constantly increasing, especially if
we know that the world population has reached more than
seven billion people by the beginning of the year 2020, and
that two-thirds of the increase in population is in the third

The main objective of most breeding programs for wheat
is to increase the productivity of improved varieties, so it is
important that the pure varieties and strains that are included
in the formation of wheat crosses are distinguished by a high
combining ability, in order to study its genetic behavior due
to the presence of genetic differences between parents and *Corresponding author: Ghazwan Husam Tawfeeq, Department
their hybrids. of Soil Sciences and Water Resources, College of Agriculture,

.. . . . i University of Anbar, Ramadi, Iraq
Wheat (Triticum aestivum L) is the first crop in the world

in terms of cultivated area and global production, despite the Accepted: November 06, 2023
increase in the global rate of production of cereal crops such Published online: November 08, 2023
as wheat, barley and rice per unit area for human nutrition to
nearly double what it was at the beginning of the twentieth
century, as a result of the efforts of researchers and those
interested in breeding and crops improving.
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world countries [1-3]. Success in solving agricultural problems
is mainly related to an increase in production. This increase
is achieved through the expansion of the cultivated area
and the use of modern farming methods on the one hand,
and the use of new varieties with high productivity and
resistance to biotic and a biotic stresses on the other hand.
The main objective in most breeding programs is to improve
the genetic potential of the grain yield and its components.
The first stages of breeding are the most difficult, as the plant
breeder faces many difficulties in determining the parental
phenotypes that will enter the process of crossbreeding and
selecting the best genotypes in the segregation generations
of the hybrid groups [4]. The trait of grain yield is a complex
guantitative trait whose heredity is controlled by a large
number of genetic factors, so it is necessary to know which
type of gene action most contribute to improvement. This
is done by knowing the components of genetic variance for
different traits. To reach the goal, breeding programs are
designed that depend on crossbreeding and on the ability to
compatibility between the parents involved in crossbreeding
and knowing the possibility of achieving genetic gain in a
short time [5].

Half-Diallel Crosses method between selected cultivars
is one of the methods used in collecting more than one
trait to obtain a superior hybrid. It is one of the important
methods in analyzing genetic experiments that are used for
the purpose of identifying the genetic behavior of the studied
traits of parents and hybrids within the genetic improvement
program [6].

Many researchers have carried out diallel crosses and
found there were significant differences in the effects of
general and specific combining ability in the traits they
studied [7-10].

The efforts of plant breeders continue to develop and
increase wheat productivity and genetic improvement by
using modern biological techniques based on genotypes DNA,
studying molecular indicators and developing breeding and
improvement programs. However, there is little information
available about the wheat genome because of its large size
in wheat, which is estimated at 1.7 x 1010 pb [11]. Molecular
index is one of the important indexes, depending on the
ISSR (Inter Simple Sequence Repeats) technology, which can
determine genetic relationship, measure genetic diversity,
and detect genetic differences between types and varieties
of field crops, and conduct hybridization between genotypes
based on their results, which can be trusted. It gives a quick
visualization of the genome sequence and then reveals
the genetic differences that individuals carry [12]. It is one

of the important studies in the programs of breeding and
crops improvement for the purpose of selecting the most
appropriate parents to obtain the appropriate hybrids, in
addition to describing the genetic material and molecular
parameters.

This study aims to estimate the general and specific
combing ability, genetic variance, heritability, and the degree
of dominance of the traits of the yield and its components
in bread wheat in order to benefit later in the breeding
programs when selecting individuals with desirable traits that
can be developed into commercial varieties and molecular
characterization at the DNA level using ISSR technology.

Materials and Methods

Five wheat genotypes were used in this study, numbers
weregivenfrom 1to5, entered into half-diallel cross-breeding.
They are (1) IPA 99 (2) Bohooth 10 (3) Babel (4) G5 (5) G12
(Table 1). Parents seeds were sown on lines in a farmer’s
fields next to the Euphrates River, located at longitude 43°
and latitude 33°, in the winter season 2018-2019, with six
lines for each genotype, with a line length of 4m. The seeds
were sown in hills at a distance of 15 cm and between a line
and another 60 cm. Crossing between parents was carried out
with all possibilities in one direction, at the end of the season
10 single crosses were obtained by the method described by
Griffing [6] by the half-diallel cross method.

Inthe winter season 2019-2020, parent’s seeds and hybrids
were planted in the same area according to a randomized
complete block design (RCBD) with three replications, each
replicate contained five parents and ten single crosses. The
experimental unit included 4 lines, and the following traits
were studied on the basis of one plant for the ten random
plants: The area of the flag leaf and the number of spikes m?,
the number of grains in the spike, the weight of 1000 grains,
and the grain yield of the plant, the data obtained from the
parents and their individual crosses of the studied traits were
analyzed according to the design used. Then the parents' and
hybrids data were analyzed according to the first model of
the second method, and the following equation was used
P(P+1)/2 (where P = number of parents), to determine the
number of genotypes included in the experimental units and
that come up with 15 genotype in each experimental unit.

The sum of the squares of the general combining ability was
estimated, as well as the estimation of the sum of the squares
of the specific combining ability. The values of the additive
variance 62A, the dominance 62D and the environmental 6%
were estimated as follows: [13]

Table 1: Genotypes of wheat included in the study.

No. Genotype Pedigree Origin

1 IPA 99 Ures/Bow "s"/3/Jup/Biy "s" /Urse Iraq

2 Buhooth 10 Cross IPA 99 x IPA95 Irag

3 Babel Cross Mexipak x R-23 Irag

4 G5 PBW343"2/KUKUNA//PBW343°2/KUKUNA CIMMYT
5 G12 OTUS//PRL/2"PASTOR CIMMYT
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6% =Mse, 6°D=6%sca, 6%A = 26°gca

The values of heritability in the broad and narrow sense
and the average degree of dominance were also estimated
by means of the expected mean variance from the Griffing
analysis.

DNA extraction

The process of DNA extraction from young leaves was
carried out using (CTAB) substance according to what was
mentioned [11,14].

ISSR index (inter simple sequence repeats)

The basics of searching for variation at the level of DNA
replicated by PCR reaction depend on the concepts of the
appearance of bands in DNA index in general and ISSR index
in particular. The most important of which is the absence of
results for doubling in the PCR reaction, the appearance of
results of equal sizes and numbers, the appearance of results
of different sizes and different numbers, and the appearance
of results with packages of different densities. Eight primers
were used (Table 2).

Results and Discussion

The existence of significant differences between parents
and their crosses makes it possible to continue studying
the genetic behavior of them. The results of the analysis
of variance indicate that there are significant differences
for all the studied traits, which indicates the presence of
genetic differences between the parents, which requires the

Table 2: The nucleotide sequences of the primers used in the
ISSR technology.

No. Primer Nucleotide sequences 3-5
1 A4l TGTGTGTGTGTGTGTGTG

2 A47 AGAGAGAGAGAGAGAGA

3 UBC668 AGAGAGAGAGAGAGCTCT
4 UBC686 GAGACCGAGAGAGACCCC
5 UBC720 AGCAGCAGCAGGCGCAGC
6 UBC805 GCGCGTGTGTGTGTGC

7 UBC758 AGAGAGAGAGAGAGCGCTT
8 UBC762 GAGAGAGAGAGAGAGAGA

evaluation of these parents (Table 3). It also appears from the
results of the analysis of the general and specific combining
ability that the differences between the mean squares of the
general and special combining ability were significant for
all the studied traits, this explains the importance of both
additive and non-additive effects on the studied traits. The
variance of the general combining ability to the variance of
the specific combining ability (62gca / 62sca) was less than one
true for all studied traits, which indicates that the non-additive
effects were more important than the additive effects. It
can be inferred that there is non-additive gene action that
controls the inheritance of the studied traits. These results
are consistent with what others have found [7,12,15-17].

These differences reflect the number of genetic
differences, which requires evaluating the parents and the
resulting hybrids (Table 4). The studies conducted confirmed
the existence of significant differences between individual
crosses and their parents for several studied traits [18].

The parent (1 and 4) had the highest value among the
parents in the area of the flag leaf, and the two parents (3
and 5) were superior in the number of spikes m=. The parents
(4 and 5) were superior in the number of grains in the spike,
while the parents (1 and 2) outperformed in the weight of
1000 grains, in the grain yield of the plant, the two parents
(1 and 5) were superior by giving them the highest grain yield
per plant, which reached 36.74 and 36.70 gm, respectively.
Whereas for the hybrids, the hybrid (3 x 2) gave the widest
mean of the area of the flag leaf (97.8 cm?) and did not differ
significantly with two hybrids, while the hybrid (5 x 1) showed
the highest number of spikes m= (360.4) and did not differ
significantly with four crosses as well, the same hybrid gave
the highest weight of 1000 grains (48.9g). As for the number
of grains in the spike, the hybrid (4 x 2) was distinguished by
the highest number of grains in the spike (69.7), while the
hybrid (5 x 1) was distinguished by the highest yield per plant
(47.36g). This hybrid was distinguished by the high vyield,
perhaps because of its superiority in the number of spikes
m? and the weight of 1000 grains. This hybrid did not differ
significantly with the hybrids (5 x 4) and (3 x 2). These results
agree with the findings of several researchers [19,20] as this is
due to the genetic divergence between the parents involved
in the hybrid.

The estimates of the effect of the general combining

Table 3: Analysis of variance of general and specific combining ability calculated by griffing method for the studied traits in bread

wheat.

S.0.vV df Flag leaf area No. spike.m™ No. of grain per | Weight of 1000 Individual plant

(cm?) spike grain (gm) yield (gm)

Block 3 1.66 1180.6 25.32 0.26 4.26

Genotypes 14 16.27 1512.5™ 50.87" 73.47" 78.15™

GCA 4 3.23” 388.8 18.63° 27.79° 28.63"

SCA 10 8.25™ 656.6" 22.25° 32.86™ 30.56"

Exp. Error 42 0.81 198.6 8.15 9.40952 9.26

o’gca 0.17 0.78 0.08 0.02 0.08

o’sca

Abdulhamed et al. Arch Crop Sci 2023, 6(1):218-225

Open Access | Page 220 |



Citation: Abdulhamed ZA, Noaman AH, Abood NM, et al. (2023) Genetic and Molecular Analysis of the Genotypes of Bread Wheat and its

Single Cross Hybrids. Arch Crop Sci 6(1):218-225

Table 4: Averages of parental values and diallel hybrids for the studied traits.

Parents and hybrids | Flag leaf area (cm?) | No. spike.m?

No. of grain per Weight of 1000 grain Individual plant yield

spike (gm) (gm)

61.2 40.7 36.74
62.3 38.1 33.72
64.1 33.5 29.97
66.8 36.4 33.12
64.7 35.7 36.70
58.9 37.4 40.63
64.1 32.2 38.33
56.4 42.9 42.12
63.5 48.9 47.36
55.2 47.2 46.08
69.7 41.7 41.58
59.4 44.2 39.72
68.4 43.4 32.94
60.7 42.3 38.87
59.7 45.2 44.82
4.77 5.13 5.09

Table 5: Estimations of the effects of the general combining ability (G*I) for each parent for the studied traits.

1 35.04 313.9
2 29.78 304.7
3 32.12 317.4
4 33.15 289.6
5 30.87 324.1
2x1 30.84 339.9
3x1 32.71 348.2
4x1 33.52 310.2
5x1 36.91 360.4
3x2 37.41 351.0
4x2 33.62 297.0
5x2 35.48 321.2
4x3 32.16 288.1
5x3 31.61 287.2
5x4 36.14 339.7
LSD,,. 1.50 23.56
Parents Flag leaf area (cm?) | No. spike.m?
1 0.50 7.90
2 0.52- 1.66-
3 0.34- 1.77
4 0.17 11.80-
5 2.37 3.78
S.E. gl 0.17 2.75

ability of parents in the traits studied. The parent (5) gave
a positive and significant effect, and was the best parent in
the grain yield of the plant (1.58), the area of the flag leaf is
(2.37) and the weight of 1000 grains is (1.15). While parent
(1) was the best in the number of spikes m2 (7.90), while
parent (4) gave the highest positive and significant effect on
the number of grains per spike (2.18) (Table 5). It is possible
to benefit from the best parents because they possess the
desired genes and contribute significantly to the transfer of
the trait to their hybrids. These results are consistent with
what was found [3,9,21] that the general combining ability
has significant effects in some parents in transferring some of
the studied traits.

When calculating the effects of the specific combining
ability of hybrids, where the hybrid (3 x 2) was the best in the
area of the flag leaf (4.87), the number of spikes m? (29.41)
and the plant yield (9.33). As for the hybrid (5 x 1), it was the
best in the number of grains per spike (3.58) and the weight
of 1000 grains (7.86). Some of the parents gave high values
for the specific combining ability for some traits when crossed
with other parents (Table 6).

No. of grain per Weight of 1000 grain | Individual plant yield

spike (gm) (gm)
0.99- 0.16- 1.26
0.67- 0.39 0.34
0.58 1.68- 2.42-
2.18 0.30 0.76-
1.11- 1.15 1.58
0.55 0.60 0.59

This is consistent with the findings of others [15,22]
that some hybrids show a positive and significant influence,
while others show a negative and significant influence on
the specific combining ability in the studied traits. Parents
that had a positive and significant effect on the general
combining ability to a trait gave significant effects in the same
direction in the effects of their hybrids for specific combining
ability, meaning the occurrence of the dominance effect
of genes. But if the effects of general combining ability are
positive and significant for a trait and no positive effect of
specific combining ability is produced, then this is caused by
the effect of the additive gene action of those traits. If the
specific combining ability is more important than the general
combining ability, then this means that genetic control is for
the dominance gene action.

When estimating the values of the components of
phenotypic variance (o?P), it was noted that the values of
the additive genetic variance %A, the dominant oD and the
environmental variance o%e differed from zero for all traits.
Values of the dominance genetic variance were higher than
their additive counterpart for all traits, which indicates that
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Table 6: The effect of the specific combining ability (s?ij) of the hybrids on the studied traits.

No. of grain per

Weight of 1000 grain Individual plant yield

(gm) (sm)
3.46- 0.21
6.57- 0.66
2.13 2.80
7.86 5.69
7.28 9.33
0.38 3.18
2.02 1.02-
4.16 2.69-
2.20 0.88
3.12 5.18
0.77 0.76

Table 7: Estimation of genetic parameters of the studied traits in bread wheat.

Hybrids Flag leaf area No. spike.m?

(cm?) spike
2x1 2.54- 12.18 1.48-
3x1 0.84- 17.04 2.46
4x1 0.55- 7.38- 6.83-
5x1 2.81 27.23 3.58
3x2 4.87 29.41 6.75-
4x2 0.56 11.00- 6.14
5x2 2.40 2.39- 0.85-
4x3 1.06- 9.98 3.55
5x3 1.63- 39.84- 0.81-
5x4 2.37 26.23 3.41-
S.E s%ij 0.22 3.55 0.72
Variance Flag leaf area (cm?) | No. spike.m™
components
A o? 0.27 92.17
D o? 7.97 590.46
G o’ 8.24 682.64
Eo? 0.27 66.21
P a? 8.51 748.85
H%.b.s % 96.83 91.15
h%.n.s % 3.23 12.31
a 7.60 3.58

the genes related to the dominant genetic variance were
more important than the genes related to the additive genetic
variance in controlling the inheritance of traits characterized
by high dominance genetic variance (Table 7). This result is in
agreement with the other findings [15,10,22,23].

The percentage of heritability in its broad sense was high
for all traits, as it ranged between 89.28% for the number
of grains per spike and 96.83% for the area of the flag leaf,
this is due to the high values of genetic variance and low
environmental variance values, which makes the possibility
of passing on the trait to individuals of the first generation
more likely. The values of heritability in the narrow sense
were moderately high for the number of spikes m? (12.31%),
the number of grains per spike (12.29%) and the grain yield
(12.68%), and the reason for this is due to the high values
of additive genetic variance, so it can be improved by
selection, whereas for the rest of the traits, the percentage
of heritability in the narrow sense ranged between (3.23%)
for the area of the flag leaf and (3.89%) for the weight of
1000 grains, so it can be improved by hybridization. As for
the average degree of dominance, it was greater than one for
all the traits studied, and this indicates the presence of the
effects of the over-dominance of the genes that control the
inheritance of these traits [4,17].

No. of grain per Weight of 1000 grain | Individual plant yield

spike (gm) (gm)
3.12 1.33 4.44
19.53 29.73 27.47
22.65 31.06 31.91
2.71 3.13 3.08
25.36 34.19 34.99
89.28 90.82 91.17
12.29 3.89 12.68
3.54 6.68 3.51

ISSR primer results

Results of the eight primers run on agarose gel that
the primers included in the study were produced the total
number of bundles amounted to (93) total bundles, of
which (85) were Polymorphism from the total bundles. The
primers (UBC686 and UBC758) produced the highest number
of bundles, reaching (13) bundle, while the primer (A41)
produced the least number of bundles, reaching (10) bundles.
The primers UBC758 (and UBC805) produced the highest
percentage of Polymorphism bundles (100%). The lowest is in
the primer (A41) as it reached (80%), the greater the number
of Polymorphism bundles.

The lowest was in the initiator (A41) as it reached (80%).
The greater the number of polymorphism bundles, the
greater the efficiency of the primers in determining the
genetic diverge and the possibility of obtaining the genetic
fingerprint of the genotypes included in the study. This
agrees with [24-26] as the total of the absent bundles was
(14) bundles, the primer (UBC686) had the most primer
in the number of absent bundles, which amounted to (4)
absent bundles. The number of unique bundles is (3) bundles,
which is a distinguishing feature for the varieties, and their
appearance is an indication of the occurrence of mutations
and new unions that produce hybrids in the plant gene,
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Table 8: The primer products of total and polymorphism bands and their molecular sizes.

Primers Molecular weight Total bundles polymorphism polymorphism Unique bundle Absent bundle

bp bundles bundles %
A4l 1800 - 700 10 8 80.0 1 0
A47 1600 - 500 11 9 81.8 0 1
UBC668 1450 - 350 12 11 91.7 0 1
UBC686 2000 - 600 13 12 923 1 4
UBC720 1500 - 600 11 10 90.9 0 2
UBC758 2200 - 650 13 13 100.0 0 3
UBC762 1900 - 500 12 11 91.7 0 1
UBC805 1700 - 700 11 11 100.0 1 2
Total 93 85 3 14
Average 350-2200 11.6 91.4

Table 9: Genetic diversity values for the five genotypes of bread wheat based on molecular markers.

s1 S2 S3 sS4 S5

S1 0.00
S2 0.713 0.00
S3 0.115 0.251 0.00
S4 0.521 0.551 0.521 0.00
S5 0.775 0.367 0.452 0.641 0.00

which determines the genetic fingerprint of the variety [26],
variation in bundles is the result of induced mutations or self-
mutations that affect the distance between genetic loci that
occur naturally during the evolutionary process that occurs in
living organisms, the variation may have occurred by addition
or deletion at the sites to which the primer is attached, This is
what found in other studies [27,28], and the molecular sizes
of the multiplicative bundles of the primers included in the
study ranged between (2200-350 bp). This agrees with [28]
(Table 8).

Genetic diverge based on molecular markers

The genetic dimension was estimated using genetic
program NTSYS-PC version 2.1, which depends on the amount
of similarity or difference between the genotypes. It was
found through the values of the genetic diversity referred to
in Table 9 the values of the genetic diversity of the genotypes
included in the study when eight primers were used randomly.
If the genetic material is identical between two genotypes,
this indicates that the genetic diversity between them must
be equal to zero. As for the percentage of genetic similarity,
it represents the measure of the degree of genetic similarity,
therefore, they are equal when there is no genetic variance
between the genotypes, and this appears when individuals
participate in the general bands and no polymorphism bands
appear between them. What diminishes the interest in such
findings is the use of so few primers, and when using more
than one primer, due to the different regions of association
according to the primer sequence. What determines the
genetic similarity or genetic diversity between genotypes is
the number of shared bundles.

The greater the number of those bundles, the lower the
genetic diversity and viceversa. Those bundles that share with
each other indicate the similarity of the genetic material in
the genome region to the structures included in the study,
which may represent the similarity in phenotypic traits. Or
the similarity may be in the non-coding regions, that is, those
that do not have gene expression. Whereas for the genetically
divergent genotypes, they are the ones that share the least
number of bundles with each other due to differences in the
nucleotide sequences in the genome [20], the values of the
genetic diversity ranged between (0.115-0. 775), where the
lowest genetic diversity was between the two genotypes
(Babel and IPA 99), where it reached (0.115), this is the
highest similarity between the two genotypes included in the
study. The largest genetic diversity reached (0.775) between
the two genotypes (G12 and 99 parents), and this is the least
genetic similarity between the two genotypes, while the
values of the genetic diversity for the rest of the genotypes
ranged between those values as shown in Table 9.

Cluster and of principal components analysis
based on molecular markers

The order of the genotypes, depending on the values
of the genetic diversity, the dendrogram, depends on the
genetic range in which the main groups are linked. Therefore,
the presence of group of the genotypes in a particular
group indicates the extent of the genetic similarity to those
structures in that group [26].

The cluster diagram shown in Figure 1 represents the five
genotypes of the bread wheat crop used in the study. It was
divided into two main groups, the first group included the
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Figure 1: Dendrogram of five genotypes based on molecular markers.
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two genotypes (IPA 99 and Babel), while the second main
group was divided into two secondary groups, as the first
secondary group included the two genotypes (Buhooth 10
and G5), while the second secondary group was divided into
the genotype group (G12).

Through these results, it was found that there is a degree of
genetic similarity or diversity between the genotypes included
in the study, and this is due to two things, first the difference
between the five genotypes may be in the phenotypes, and
this is the result of the influence of the environment, which
is what depends on it in many breeding programs, second it
may be the result of a genetically high similarity between the
genotypes, which contradicts the first thing, which depends
on phenotypes, and this is due to the similarity in the non-
coding regions of genes [27]. This is consistent with many
researchers who used the indicators of molecular markers,
especially the ISSR, including the study [12,24,26,28,29].

Conclusion

It can be concluded from the above that the parent G12
(5) is the best of the parents because its general combining

ability was high for the flag leaf area, weight of 1000 grains
and the yield of individual plant, and that the hybrid (IPA99
x G12) is the best among the hybrids for giving it a high grain
yield for individual plant (47.36 gm), its specific combining
ability was high for a number of traits, and the superiority of
this hybrid in grain yield is due to its superiority in the area
of the flag leaf, the number of spikes m?, and the weight of
1000 grains. We conclude that the molecular study and the
ISSR index showed that the genotypes of wheat contain a
high genetic diversity, and these results can be used as a basic
material in breeding programs using hybridization to improve
the quantitative and qualitative traits.
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