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INTRODUCTION

1.INTRODUCTION

Wheat ( Triticum aestivum L.) is the world's most widely grown cereal crop.
It is considered to be the main winter cereal crop in Egypt and the national output
of wheat is insufficient to meet local consumption due to higher population
increases, especially in recent years. National production of wheat is estimated at
approximately eight million tonnes produced from three million Faddans (1
Faddan= 0.42 ha), while annual consumption of wheat fluctuates from 12 to 14
million tonnes. In the other words, the gap between production and consumption

lies between six to eight million tons annually.

moreover, crop production is greatly reduced by biotic and abiotic stresses.
Around 14 percent of world crop production is diminished by diseases. Wheat is
prone to many pathogens caused by Puccinia P. striiformis f.sp., including strip
and stem rusts. Puccinia graminis f.sp. and tritici (Pst) They are the most severe

wheat diseases that cause significant yield losses (Ellis et al., 2014).

The big foliar disease of wheat is yellow (stripe) rust, resulting in loss of
yield all over the world Kolmer, (1966). In Egypt, stripe rust caused significant
losses in the production of most Egyptian wheat cultivars EI-Daoudi et al . ( 1996).
It was confirmed that the disease prevailed at higher altitudes, cool and temperate
regions wherever wheat is grown (Johnson, 1992; Mclntosh et al., 1996 and
Boyed, 2005). In most places around the globe, the causative agent (Pst) plasticity
and adaptability to changing climatic conditions made it fit. Such characteristics
include mutation, migration, somatic and sexual hybridization of wheat rusts
(Stubbs, 1985; Kolmer, 2005 and Jin and Carson., 2010). Also, the disease attacks

from early in the growing season, plants are usually stunted and weakened, causing




INTRODUCTION

severe yield losses up to 70%. The disease reduced yield, quality and size of the

harvested grains.

In addition, the recent discovery of the broadly virulent Ug99 race in
Uganda in 1998 challenged the misconception that stem rust was a conquered
disease Singh et al. (2006 and 2008). Up to 90 percent of the world's wheat
cultivars are now known to be vulnerable to stem rust Singh et al. (2006 and 2011),
and the disease threatens 120 million tonnes or 20 percent of the world’s wheat in
the Middle East, North and Central Africa, and Asia, with a population of more

than one billion people Dixon et al. (2009).

In light of the Egyptian government’s tendency to establish new farms in
Africa to grow wheat, stem rust is one of the most important obstacles it faces,
especially in countries located in central Africa such as Uganda, Congo and
Tanzania. Where stem rust leads to a significant decrease in yield, which may
reach 100% under favorable conditions Olivera et al. (2015). Therefore, it has
become imperative to work on producing high-yielding and resistant to stem and

yellow rusts varieties to grow them in these environments.

So, understanding the genetical behavior of wheat resistance to these diseases
are essential for deciding the breeding method that maximizes the genetical
improvement of these characters (Shehab EI-Din et al., 1991a). Wheat resistance to
rusts has been documented to be a simple inherited character since Biffin (1905),
governed by one, two or a few number of major gene pairs Bai et al. (1997) and
Shahin and Ragab (2015). Meanwhile, several investigators indicated that
resistance is a quantitative character controlled by many genes as well as the
prevailing environmental conditions, Shehab EI-Din et al. (1991a), Yadav and
Naringhani (2000) and Sharshar (2015). Furthermore, resistance was dominant
over susceptibility in most cases, Shehab EI-Din and Abd El-Latif (1996), Bai et




INTRODUCTION

al. (1997) and Patil et al. (2000), and vice versa was true in others, El-Fadly et al.
(1991) and Ganeva et al. (2001). On the other hand, some cases best fit a simple
additive genetical model with no dominance or epistatic interactions, while
dominance and / or epistasis were more pronounced and had important roles, Said
(2003), Ragab (2005) and Sharshar (2015).

The production of molecular markers for common yellow and stem genes
enables the rust identification of these genes independently of the phenotype.
Molecular markers can be used in marker-assisted selection for an efficient
combination of genes in the pyramiding strategy to create a more durable
resistance (Feuillet et al., 1995). Simple sequence repeats (SSR) are useful tools
for molecular genetic analysis as they are more abundant and display higher levels
of polymorphisms in many plant species (Hitta et al., 1995 and Plaschke et al.,
1995). SSR markers i.e. Yr5, Yrl0, Yrl5, Yr24, YrH52, Sr2, Sr26, Sr36 and Sr22
have been reported for several stripe and stem rusts resistance genes (Peng et al.,
1999; Sun et al., 2002; Wang et al., 2002; Zakari et al., 2003; Olson et al., 2010;
Tsilo et al., 2008). In marker-assisted selection and for pyramiding resistance
genes, as well as for understanding the relationships between different genes, such

markers have been used.

The objectives of this research were to study:-

1. Studying the nature of inheritance of stripe and stem rusts disease resistance

caused by Puccinia striiformis and Puccinia gramenis f.sp. tritici, respectively.

2. Studying the natural inheritance of some agronomic traits including grain yield

and its components.

3. Detection of SSR markers associated with strip and/or stem rusts resistance in

studied breed wheat crosses.
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REVIEW OF LITERATURE

2.REVIEW OF LITERATURE

Rusts have caused significant and severe losses on susceptible wheat
cultivars worldwide (Wellings, 2011). Stripe rust (Puccinia striiformis) and stem
rust (Puccinia graminis), are the most destructive foliar diseases of wheat in Egypt
and worldwide. Historically and presently, stripe and stem

Breeding programs for resistance to diseases are more advantageous than
using pesticides or any other disease control mean; recently, developing new
resistant lines became the main objective of many wheat breeding programs.
Knowledge of the inheritance of wheat reaction to stem and stripe rusts is essential
before deciding on the breeding method to be employed for maximum genetic

improvement of this trait.

In this investigation, the review of literature divided into the following

topics:
2.1.Nature of inheritance of some agronomic traits in wheat.
2.2. Nature of inheritance of stripe and stem rust diseases in wheat.
2.3.Molecular breeding for wheat stripe and stem rusts resistance.

2.1. Nature of inheritance of some agronomic traits in wheat.

Ghimiray and Sarkar (2000) estimated the mean phenotypic and
genotypic coefficients of variation, heritability in a broad sense and expected
genetic advance for seven quantitative characters in wheat. The results indicated
that phenotypic coefficient of variation was in general higher than the genotypic
coefficient of variation for all the characters except plant height. High heritability
coupled with high genetic advance was recorded for number of spikes/plant and
number of kernels/spike. This association indicated the importance of additive
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gene effects in the inheritance of these characters.

Yadav and Narsinghani (2000) studied the twelve genotypes of bread
(Triticum aestivum L.) and (Triticum durum) wheat, they estimated heterosis for
days to heading, plant height, number of tillers/plant, number of grains/spike, 1000
grain weight and grain yield/plant. They mentioned that some crosses exhibited
significant negative of heterosis heading date, 1000 grain weight, and grain
yield/plant. Significant positive heterosis was observed for number of tillers / plant,

1000 grain weight, and grain yield / plant.

Ashoush et al. (2001) estimated heterosis for some agronomic characters.
For plant height, eleven and eight hybrids exhibited significant positive heterotic
effects relative to mid-parent and the better parent, respectively. Meanwhile, for
number of spikes per plant, eleven and eight crosses exhibited a significant positive
heterotic effect to mid and the better parent, respectively. For number of kernels
per spike, nine and five crosses were significantly exceeded the mid-parent and the
better parent. For 1000-kernel weight, five and one crosses showed significant
positive heterotic effect relative to mid-parent and the better parent, respectively.
For grain yield per plant, seven and three hybrids had significant positive heterotic

effect relative to mid-parent and the better parent, respectively.

Chowdhry et al. (2001) studied heterosis and inbreeding depression in
crosses of (Triticum aestivum). They noticed the presence of significant genotypic
differences among the studied characters. They also indicated that additive types of
gene action were present in most studied traits. Furthermore, inbreeding depression
was found with varying degrees almost in all the crosses for yield and yield

components.

Talbert et al. (2001) determined the genetic variation for days to heading,

days to maturity and grain yield/plant in a set of spring wheat crosses. The results
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were significant for crosses for all studied traits. Heritability values exceeded 0.70
in all crosses for days to heading. Also, its ranged from 0.35 to 0.81 and 0.22 to
0.78 for days to maturity and grain yield/plant, respectively.

Chowdhry et al. (2002) studied the analysis of variance for five wheat
genotypes in a diallel fashion to achieve the genetic control of some polygenic
traits revealed that the differences among genotypes for all studied traits were
highly significant. Also, plant height, number of grains/spike, 1000-kernel/weight

and grain yield/plant were controlled by the over-dominance type of gene action.

Esmail and Kattab (2002) considered the genetic behavior of yield and its
components in three bread wheat crosses. They obtained significant useful positive
heterosis for grain yield/plant in the first cross (29.34 %) and second cross (9.48
%) and 100-grain weight in the third cross (17.85 %). Highly significant negative
inbreeding depression values were obtained for spikes/plant and grain yield/plant
in the three wheat crosses. Additive, dominance and epistatic gene effects were
playing an important role in the inheritance of plant height, spikes/plant, spike
length, 100-grain weight and grain yield/plant in the three wheat crosses. Additive

x additive gene interaction contribute the major portion of the gene pool.

Salgotra et al. (2002) determine heterosis over better parent in the F;
hybrid which comes from hybridization between 13 winter wheat varieties and four
diverse testers of spring wheat for grain yield and seven other traits . They found
that the estimates of heterosis for days to maturity, tillers/plant, and number of

kernels/spike were presented in 15 crosses. Also, for grain yield in 19 crosses.

Abdel-Hafez et al. (2003) demonstrated that additive gene action played the
major role in the inheritance of days to heading, days to maturity and grain filling
period. Also, the three types of epistatic gene effects were observed for all studied

characters with predominant for additive x additive gene effects. They added that
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heritability values in a broad sense were high and intermediate in the narrow sense.
The expected genetic gain from selection was low to moderate for earliness

characters.

Said ( 2003) studied the inheritance of some agronomic traits. The results
indicate that, high values of heritability in a broad sense for days to heading, days
to maturity, plant height, number of kernels/spike and 100-kernel weight and grain
yield, while moderate values were obtained for a number of spikes/plant.
Heritability in narrow sense was high for days to heading, plant height, number of
kernels/spike and 100-kernel weight, while moderate values were obtained for days
to maturity. Meanwhile, low values were obtained for number of spikes/plant and

grain yield/plant.

Chandra et al. (2004) conducted an investigation to measure variability,
heritability and the expected of genetic advance of nine characters on fifty Fs bulk
lines of five bread wheat crosses. Very high heritability and moderate to high
genetic advance were observed for spikes/plant and plant height in three crosses
and number of grains/spike and grain yield plant in all crosses. The heritability
estimates for 100-grain weight was moderate to high with low to very low values

of the expected genetic advance from the selection.

Faroog and Khalig (2004) estimated heterosis over mid and better parents
in twenty crosses of bread wheat for yield and its components. They reported that
1000-kernel weight showed maximum heterosis over mid-parent followed by
number of kernels/spike, plant height, grain yield/plant and number of spikes/plant.
The maximum heterobeltiosis estimates were recorded for 1000-kernel weight,
plant height, number of kernels/spike, grain yield/ plant and number of

spikes/plant.
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Fida et al. (2004) evaluated heterosis in an F; generation by crossing eight
bread wheat (Triticum aestivum L.) cultivars in a diallel fashion. They studied
some agronomic traits such as plant height, number of spike per plant, number of
kernels/spike, 100-kernels weight and grain yield/plant under leaf rust conditions.
They found highly significant differences among genotypes for all the studied
traits. Significant positive heterosis and heterobeltiosis were observed for grain
yield/plant in all crosses. of total crosses, 68% and 32% had positively significant
heterosis over mid and better parents estimates for plant height, respectively, while

44% and 35% crosses gave significant positive values in number of spikes/ plant.

Abd EI-Aty et al. (2005) determined the types of gene effects and to create
new genetic combinations, using the six populations of four wheat crosses. The F;
mean values exceeded the mid-parent for all studied traits in the four crosses,
except for days to heading which was earlier than the mid-parent, indicating partial
dominance. The F, mean values were approximately equal to the mid-parent values
and less than the F; mean values, indicating that inbreeding depression has
occurred. BC, and BC, mean values varied according to the trait itself. They added
that the additive effect was more important and greater than the dominance effect
for most traits. Among the epistatic components, the dominance x dominance was
greater in magnitudes than additive x additive and additive x dominance in most
studied traits. Heritability estimates in narrow sense were low to moderate for all
the studied characters in all crosses. The predicted genetic advance was low in all

the studied traits except for spike weight which was moderate.

Jan et al. (2005) estimated the magnitudes of heterosis relative to mid- and
the better-parent for days to heading, plant height and days to maturity in 8 x 8 full
diallel set of bread wheat (Triticum aestivum L.). They found that out of the 56 F;
hybrids, 18 and 16 hybrids expressed significant heterosis relative to mid - and
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better parent for days to heading and 8 and 3 hybrids for days to maturity.
Maximum limits of heterotic effects relative to better parent for plant height, days

to heading and days to maturity were, 3.27%, 2.60%, and 1.82%, respectively.

Abd EI-Nour (2006) used seven populations to study gene action,
heritability and predicted genetic gain from selection in three bread wheat crosses
derived from four diverse bread wheat genotypes.The data obtained showed
significant and positive heterosis effects for grain yield/plant in all crosses and for
plant height, No. of spikes/plant and 100-kernel weight in two crosses. Inbreeding
depression was significant for most studied characters. Overdominance towards
higher parents was found for grain yield/plant and for most studied characters in a
cross. Moreover, high to moderate values of heritability estimates were found to be
associated with moderate to low genetic advance as a percentage of F, and F;
means in most studied characters. The results showed that the additive gene effect
In the six parameter model and in five parameter model was found to be significant
for most studied characters in all crosses. Both dominance and epistasis were found

to be significant for most studied characters under investigation.

Abd-El-Nour and Mosherf (2006) estimated genetic variance, gene
action, heritability and comparison between actual and expected genetic gain of
three bread wheat crosses derived from five parental bread wheat genotypes using
five populations of each cross. Significant and negative heterotic effects for No. of
kernels/spike in all studied crosses. However, over-dominance towards the high
parent was detected for most studied characters. The inbreeding depression
estimates were found to be significant for most studied characters in all crosses. F,
and F; deviations estimates were significant for most studied characters in all
crosses. The additive and additive x dominance gene effects were significant for

most studied characters in all crosses. They reported that high to medium values of
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heritability estimates were found to be associated with high to moderate expected

and actually gained from selection in most characters.

El-Sayed and El-Shaarawy (2006) indicated that significant differences
among the studied generations for all studied characters. The results indicated the
presence of a non-allelic interaction for the significant values in most studied
characters in all crosses. Additive, dominance, additive x additive, additive x
dominance, and dominance x dominance gene effects were significant for most
studied characters in all crosses with predominant for epistasis components.
Significant positive or negative heterosis values based on better parent values were
obtained for most studied characters in all crosses. All crosses showed significant
inbreeding depression for all characters in one cross. High heritability estimates in
a broad sense were observed for all studied characters for all crosses. Narrow sense

heritability ranged from low to moderate for most studied characters.

Ahmadi et al. (2007) reported that most of the genetic parameters
including mean (m), additive (d), dominant (h), additive x additive (i), additive x
dominant (j) and dominant x dominant (I) effects were significant. However, all
gene effects were not significant in all traits. The dominant gene effect was the
most contributory factor to the inheritance of the majority of traits. For the
majority of the traits, additive gene effect was significant, but its magnitude was
less than dominant gene effect. Also the dominant x dominant (I) epistasis was
more important than additivex additive (i) epistasis. The degree of dominance in

most of the traits indicated the predominance of dominant gene effects.

Hammad and Abd EI-Aty (2007) found that additive and non-additive
genetic variances were significant or highly significant for all studied characters

including days to heading and days to maturity. Mean degree of dominance

10
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indicated the presence of partial dominance for all studied characters. Heritability

estimates in narrow sense were high for days to heading and days to maturity.

Hendawy and Seleem (2007) gained significant and desirable heterosis in
a positive direction for number of kernels/spike and 100-kernel weight. Highly
significant negative inbreeding depression was obtained for number of
spikes/plant, spike length, number of Kkernels/spike and grain yield/plant.
Overdominance towards the higher parent was detected for; number of spikes/
plant, spike length, and number of kernels/ spike . Heritability estimates in a broad
sense were high to moderate in most cases. The narrow sense heritability estimates

were low and moderate in most cases.

Shehab El Deen (2008) studied heterosis for earliness, agronomic and
yield traits in some bread wheat genotypes and their diallel F; crosses under
different irrigation regimes (normal and stress). Mean squares due to genotypes
were highly significant for all studied traits. Mean squares due to parents vs.
crosses (heterosis) were highly significant for number of spikes per plant, number
of kernels per spike and grain yield per plant under both water stress and non-stress
water conditions, 100KW under non-stress conditions only. Highly significant
estimates of general combining ability and specific combing ability mean squares
for all studied traits were detected. Average degrees of dominance was less than
unity for number of kernels per spike under water stress and non-stress and number
of spikes per plant and 100-kernel weight under non-stress, indicating that partial

dominance played the most important role in the inheritance of these traits.

Aboshosha and Hammad (2009) found that values of A, B, and C scaling
tests for days to heading and maturity in the two crosses were significant. The
dominance effect was more important and greater than additive effect for days to

heading and maturity for the two crosses. Heritability in the broad and narrow
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sense indicated the importance of non-additive variance components in the
inheritance of days to heading and maturity. The expected genetic advance

estimates in the F, were low for both days to heading and maturity.

Khattab (2009) used the six populations (P4, Py, Fy, F,, BC; & BC,) to
study the genetic behavior of some traits of bread wheat using. The results revealed
that the genetic variances within the F, population were found to be significant for
plant height, number of spikes per plant and grain yield per plant in the three
crosses. F, mean performance was found to deviate significantly from the average
of the F; and mid-parent value for plant height, number of spikes and grain
yield/plant in the three crosses except grain yield/plant in the second cross. The
additive gene effects (a) were found to be highly significant for number of
spikes/plant in the three crosses under investigation. Dominance gene effects (d)
were found to be highly significant for plant height in the three crosses under
investigation. Additive x additive (aa) epistatic type of gene effects was found to

be significant only for number of spikelets/spike in the three crosses under study.

Laghari et al. (2010) estimated heritability in the Fs segregating generation
of a cross between HT5 and HT 37 of bread wheat. The genetic parameters
calculated were genetic variance, environmental variance and heritability
percentage in a broad sense, genetic advance and heritability coefficient. The
highest heritability was observed for number of grains per spike (54.5%) and main
spike yield (69.5%) associated with high genetic advance (2.8, 22.8 and 1.5
respectively). Moderate to high heritability were recorded for peduncle length
(48.75%) and number of grains per spikelet (47.2%) which associated with high
genetic advance (2.3 and 0.68 respectively). plant height had shown acceptable
heritability values. The present finding suggests that most of the yield associated

traits have been successfully transmitted. The information generated will be helpful
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for better understanding and selection of suitable, desirable material especially in

advance generations.

Abd EL-Nour (2011) used six populations (P1, P2, F;, F,, BC1 and BC2)
of three bread wheat crosses, to estimate genetic parameters for grain yield/plant
and certain related characters under two nitrogen fertilizer levels. Results revealed
that heterosis values were positive and significant relative to better-parent in the
three crosses under the two nitrogen levels for most of the studied characters.
Meanwhile, heterosis values were negative and significant for number of

kernels/spike in the first and the third cross.

Aykuttonk et al. (2011) estimated gene effects for plant height and fertile
tiller number, using six generations (P, P, F1, F,, BCy and BC,) Off in order to
Improve some agronomical traits, Genetic analyses were performed using the joint
scaling test based on three and six parameter models. In addition to additive and
dominance gene effects, epistatic effects were significant for all measured traits
due to different origins of the parents used in the study. It was suggested that
selection for all agronomical traits should be effective in advanced segregating

generations due to epistatic gene effects.

Koumber and El-Gammaal (2012) used five populations for three
crosses. Highly significant heterotic values in the positive direction were found for
all characters except for plant height and 1000-grain yield in the first cross, and
plant height, No. of grains/spike and No. of spikes/plant in the third cross.
Overdominance for all characters except plant height and 1000-grain weight in the
first cross, and No.of grains /spike in the third cross was detected. Inbreeding
depression was obtained in two out of three crosses for No. of grains/spike, No. of
spikes/plant, 1000-grain weight and grain yield/plant and in one out of the three
crosses for plant height. The important roles of both additive and non-additive gene
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action were found in certain studied traits. High to medium values of heritability
estimates were found to be associated with high and moderate expected and actual
gain in most traits. These obtained results indicated that these traits could be used
in the early generations, but would be more effective if postponed to late

generations.

Zaazaa, et al. (2012) found that the mean value of F; population was
higher than the respective parents (P1 and P2), F,, BC1 and BC2 populations for
most studied traits in the three crosses. Heterosis in F; crosses over their respective
mid and better parents for grain yield. Significant positive values of inbreeding
depression were detected for all studied traits in the three crosses as well as 100-
grain weight in the first and the second crosses. The highest values of phenotypic
and genotypic coefficient of variations were obtained for number of spikes/plant,
grain weight/spike, and grain yield/ plant. Additive x dominance gene effects were
of minor importance in general for most of the studied traits. They concluded that
selection for grain yield and its components should be delayed to later generations

in breeding programs.

Hassan et al. (2013) used forty crosses with the parental lines to study some
quantitive traits in bread wheat. Additive (A) and dominance (D) genetic variances
were significant in all the studied traits. The predominance of an additive
component indicates that the additive gene effect was more effective than non-
additive in the inheritance of these characters. However, the dominance was higher
than additive for plant height, number of spikes/plants, spike length, number of
kernels/plant and grain yield/plant (g). On the other hand, significant of additive
and dominance components indicated that both additive and dominance gene
effects were important in the inheritance of these traits. Also, selecting desirable

characters may be practiced in the early generations, but it would be effective in
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the late ones. Heritability both in broad and narrow senses was found to be high in
majority cases indicated higher importance of genetic effects in control of traits.

But in some cases these values were moderate or low.

Mohamed (2013) estimated genetic variance, gene action, heterosis,
inbreeding depression, heritability and genetic advance for grain yield and its
components and some agronomical characters. Six populations for three crosses
were used in this study .Analysis of variance showed significant differences among
the studied. generation means for all studied traits. Additive type of gene effect
was significant either positive or negative for no .of spikes / plant, 100-kernel
weight and grain yield /plant in the first and second crosses. Dominance gene
effects were significantly positive for most the studied traits. Additive x additive
and additive x dominance type of gene actions were significantly positive or
negative for most the studied traits in the three crosses. Heritability for days to
heading in narrow sense was high and nearly equal to its corresponding in a broad
sense. High estimates for heritability in a broad sense were accompanied by the
moderate value of narrow sense for no. of kernels /spike, 100 —kernel weight and

grain yield plant in the three crosses.

Sial et al. (2013) studied heritability in 30 F, segregating population
through cross combinations of six different parental lines/varieties of bread wheat.
The highest mean number of grains per spike and main spike yield were recorded
in 23 progenies. Eighteen progenies showed the highest heritability (81.2 to
94.3%) broad sense (h?) coupled with higher genetic advance (1.69-30.58%) for
number of grains per spike; indicating more effective selection which could be
possible from segregating progenies for this particular trait. Twenty-six progenies
showed the highest heritability (59.4 to 97.1%) for main spike grain yield
character. The results depicted that most of the segregating progenies showed
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genetic improvement in both quantitative traits in terms of more heritability (h?

b.s.) and genetic advance.

Khan et al. (2014) reported that major genes heritability was higher than
that of the polygene in the segregating populations of all the crosses with highest
environmental influence. Additively controlled nature of the trait predicts that
selection of desirable recombinants for higher grain yield per plant may be delayed
up to advance generations until favorable genes are accumulated in homozygous

condition.

Sharshar (2015) indicated that dominance gene effects were larger in
magnitude than the additive gene effects for days to heading, days to maturity,
plant height, and number of spikes/plant, number of kernels /spike, 100 kernels
weight and grain yield / plant. The estimates of heritability in a broad sense were
high in most studied crosses. Narrow sense heritability estimates were low to

relatively high for all the studied crosses.

Ljubicic et al. (2016) mentioned that the results of the analyses of
components of genetic variation indicated over-dominance in the inheritance of
yield and its components examined traits suggested that selection in later

segregating generations may lead to fairly good improvement in these characters.

Sharshar and Esmail. Samar (2019) determined type of gene action and
some genetic parameters in three wheat crosses derived from four parental wheat
genotypes. Genetic material included six populations (P1, P2, F;, F,, BC1 and BC2
) for each cross. The studied characters were plant height, number of spikes/plant,
number of kernels /spike, 100 - kernel weight and grain yield / plant. Results in
general indicated that negative heterotic effects relative to the mid-parent and
better-parent were found for most of the agronomic traits and most crosses. Non-

allelic interaction was found for all studied traits in all the crosses under study.
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Dominance gene effects were larger in magnitude than the additive gene affects for
most studied traits. The estimates of heritability in broad sense were high in most
studied crosses. Narrow sense heritability estimates were low to relatively high for

all the studied crosses.

2.2. Nature of inheritance of stripe and stem rust diseases in wheat.

Wheat rusts resistance has been recognized to be governed by one or a few
gene pairs (Biffin 1905). Latter, in 1963, Vander Plank had classified disease
resistance into two categories: (vertical and horizontal), vertical resistance was
characterized by discrete classes of infection types and simply inherited differences
in phenotype, whereas horizontal resistance was characterized by small, but
important differences in pathogen development with different host plants. These
latter differences were believed by Vander plank (1963) to be quantitatively
inherited and not influenced by the pathogen genotype.

Through series of genetic studies on flax rust, Flor (1955a, 1955b, 1956
and 1971) proposed and defined his “gene-for-gene hypothesis” as "for each gene
conditioning rust reaction in the host, there is a specific gene conditioning
pathogenicity in the parasite”. Loegering (1984) suggested that the parasite and its
host together form a new organism which is neither parasite nor host, and used the
term "aegricorpus" to describe the new organism.

The following review will deal with some of the world literature beside
summary of the available local investigations carried out in Egypt in this respect.
In a study of genetic control of disease expression in the wheat stripe and stem
rusts.

Shehab EI-Din et al. (1991a) studied the inheritance of wheat resistance to
stem rust at the adult stage in two bread wheat cultivars Sakha 8 and Mabrouk.

They found that heritability in broad sense were high and ranged between (0.75%,
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0.84%), and (0.58%, 0.70%) in narrow sense. Dominance of resistance over
susceptibility , complete dominance in the F; and partial dominance in the F, were
detected .

Shehab EI-Din et al. (1991b) investigated two crosses to study the
inheritance of resistance to stem rust in Sakha 61 cultivar. Results indicated that
Sakha 61 resistance depends on both host-and pathogen as well as environmental
conditions. Heritability values in broad and narrow senses were high in the first
cross and intermediate in the second one. The expected genetic advance estimates
were high for both crosses .The additive, dominance and the epistasis (additive x
dominance) were the importance of effects in the gene expression of the first cross,
while for the second one, the main portion of the genetic effects were due to the
epistasis of additive x dominance and dominance x dominance.

Xianming and Roland (1993) studied the inheritance of yellow rust
resistance in the wheat cultivar Carstens v. They found that, Carstens v has three
genes for resistance to North American race CDL-21, two genes for resistance to
races CDL 17, CDL-20 and CDL-29 and one gene for resistance to race CDL-27.
The three genes were either dominant or recessive depending upon the race used in
the test and the cultivar used in the cross.

Chen and Line (1995) estimated the number of genes and heritability of
resistance to yellow rust in two wheat cultivars. They revealed that the estimated
broad and narrow sense heritabilities of the high-temp, adult-plant. The obtained
values of broad sense heritability was 95.8 % for Druchamp and 95.3% for
Stephens. While, narrow sense heritability was 86.1 - 89.1 % for Druchamp and
95.4% for Stephens.

Shehab EI-Din and Abd El-latif (1996) indicated the importance of both
additive and dominance effects in the expression of wheat resistance to stripe rust.

The manifestation of additive and non-additive effects and hence indicated that
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selection would be more effective in late generations. Heritability in broad sense
was high, while in narrow sense it was medium.

Bai et al. (1997) determined the genetic diversity for leaf and stem rust
diseases resistance in seven Triticum monococcum accessions and inheritance of
the resistance. They indicated that the seven accessions carried at least one gene in
common for leaf rust resistance. They also reported that 13 F, populations
segregated for two independent dominant genes. Moreover, two of the T.
monococcum accessions were resistant to stem rust, They proved that, genotypes
carry a single gene for resistance.

Charan and Bahadur (1997) studied the inheritance of stem rust resistance
in five bread wheat cultivars to four races of Puccinia graminis f.sp. tritici. They
indicated that segregation of seedlings in F, and F; families for resistance
suggested the presence of three dominant and one recessive genes in HD2135, four
dominant genes in HD2189, 3 dominant and two complementary recessive genes
in HD2286, two dominant and one recessive genes in HD2160 and five dominant
genes in Vaishali.

Patil et al. (2000) studied the genetic analysis of wheat cultivars HD2278,
NI 5643 and HY®65 for resistance to race 40 of wheat stem rust. Each cultivar
crossed with a susceptible parent, Pusa 4. They reported that resistance against the
race 40 in all cultivars was found to be controlled by a single dominant gene.

Ganeva et al. (2001) showed that the resistance of the A-3-86-4-5-3-3 line
toward stem rust race 77 which was determined by one recessive gene. Moreover,
the resistance of the Gladiator 113 and Maris Habbit sib cultivars and of the A-
386-4-5-3-3 line was under the control of various dominant genes.

Mahgoub (2001) proved the important role of both additive and dominance
effects in the expression of wheat resistance to stripe, stem and leaf rusts. She

found that the reaction of each rust was affected by at least two gene pairs.
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Moreover, most estimates of heritability in broad and narrow senses were around
an intermediate range.

Aglan (2003) studied the inheritance of wheat resistance to stem rust. The
results revealed that the additive genetic effects were more important than those
dominance genetic effect in the inheritance of stem rust disease in most cases.
Moreover, heritability values in broad and narrow senses for stem rust disease were
high and ranged from moderate to high.

Said (2003) studied the inheritance of stripe rust disease and their
relationship with molecular marker. The results revealed that the estimates of
heterosis related to mid parent were highly significant and negative heterosis
values for stripe rust. Heritability in broad and narrow sense were high. Additive,
dominance and three epistatic effects (aa, ad and dd) played the major role in the
inheritance of stripe rust disease.

Menshawy and Youssef (2004) found that additive gene action presented in
the most important part in the total genetic variance components for stripe rust
traits. However, dominance effects also appeared to be involved in the inheritance
of stripe rust disease resistance. The additive gene action was larger in its
magnitude than dominance and that was reflected in average degree of dominance
(H, / D)*? where it was less than one for both traits, indicated that the degrees of
dominance was in the range of partial dominance.

Menshawy and Najeeb (2004) mentioned that broad and narrow sense
heritability values were high for stripe rust trait in bread wheat. They suggested
that early generations selection could be effective for improving that trait. Also,
genetic component were associated with additive gene action. The average degree
of dominance was also less than one for rust traits.

Ragab (2005) claimed that the additive, dominance and epistatic effects

played an important role in the inheritance of resistance to stripe and stem rust
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diseases. the estimates of heritability in broad and narrow senses were very high
for two rusts referring the importance role of additive gene effects for these typed
rust diseases.

Mahgoub (2006) cleared that broad and narrow sense heritability values
were high in broad sense , while narrow sense were medium to high reflected that
resistance to the three rusts is a simple inherited character . controlled by one, two
or few gene pairs and proved the results obtained from the qualitative analyses.

Amin and Park (2007) evaluated 105 european wheat cultivars for seedling
and adult plant resistance (APR) to stem rust using an array of Australian isolates
of Puccinia graminis f. sp. tritici. Twenty-seven cultivars were susceptible at both
seedling and adult plant growth stages Low levels of APR to stem rust were found
in the cultivars Artaban, Forno, Mec, Mercia, Pandas and VladaForno, are believed
to carry the leaf rust APR gene Lr34, previously reported to be associated with
Improved resistance to stem rust.

Bahadur and Mathuria (2008) revealed that genetic analysis confirmed
three dominant genes for resistance to stem rust in HD2768, two dominant
independent genes each for resistance in HD2733 and HD2784, and one dominant
gene in HD2781. Analysis of BC1 and BC2 with pathotype 122 (7G11) confirmed
the above number of genes. F, segregation of intercrosses HD2733 x HD2781 and
HD2781 x HD2784 showed different genes for resistance in above cultivars. An
adult plant resistant gene (Sr2) was also identified in HD2733, HD2781 and
HD2784 based on mottling effect on the seedlings.

Carmen et al. (2008) used three recombinant inbred line populations from
the crosses RL6071/Thatcher, RL6071/ RL6058 (Thatcher Lr34), and
Thatcher/RL6058, to study the genetics of stem rust resistance in Thatcher and
TcLr34. Segregation of stem rust response in each population was used to

determine the number of genes conferring resistance, as well as the effect of the
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leaf rust resistance gene Lr34 on stem rust resistance. In field plot tests at least
three additive resistance genes segregated in the RL6071/RL6058 population,
whereas two resistance genes segregated in the RL6071/Thatcher population. The
presence of the gene Lr34 permitted the expression of additional stem rust
resistance in Thatcher-derived lines both at the seedling and adult plant stages.

The inheritance of resistance to leaf rust disease was investigated by Yasen
(2008) using six generations mating design. Wide differences were detected
between each parent within each cross and between the crosses themselves for
stripe rust disease resistance. The results suggested that additive genetic
components were greater in magnitude than dominance effects in the inheritance of
resistance to stripe rust disease. Highly significant to negative direction heterotic
effects were found for stripe rust toward resistance.

Datta et al. (2009) studied the genetic analysis of common wheat cultivar
PBW343 confirmed temperature-sensitive leaf rust resistance and adult plant stripe
rust resistance. At low temperatures, PBW343 was resistant to P. triticina (Ptr)
pathotype (pt.) 121R63-1, and at high temperature it was resistant to Ptr pt.
121R127. The low temperature resistance to pt. 121R63-1 was attributed to
interaction between dominant and recessive genes. The dominant gene involved in
low-temperature resistance to pt. 121R63-1 also conferred resistance to pt. 45R35.
The high-temperature resistance to Ptr pt. 121R127 was governed by a different
single partially dominant gene. Agra Local (a commonly used susceptible check)
and IWP94 (a leaf rust differential used in India) are also resistant to pt. 121R127
at high temperatures.

Kaur and Bariana(2010) reported the presence of the adult plant stripe rust
resistance gene Yr30 in cv. Pavon. Yr30 mapped close to the stem rust resistance

gene Sr2 in chromosome arm 3BS.
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Priyamvada et al. (2011) reported that all resistance genes in the host
population, whether they are major or minor genes are considered to interact in a
gene-for- gene way with virulence genes either major or minor, in the pathogen
population. Populations with a polygenic resistance based on gene-for-gene action
have an increased level of resistance.

Youssef and Hamada (2012) reported that seven crossess out of the F,
plant populations were segregated fitting the expected ratios 7(R) : 9(S) , 1(R)
:15(S) , 3(R) :13(S) and 9(R) : 7(S). While the rest of crosses (Yr 18 X Giza 168
and Yr 2 X Sakha 61) showed no segregation and was directed to the side of
dominance of resistance.

Nzuve et al. (2013) studied five resistant wheat lines which were resistant
and used as parents in crosses with stem rust susceptible line CACUKE to develop
genetic populations for determining the inheritance of resistance to stem rust. The
F,:F; lines of population (s) exhibiting qualitative variation were grouped as
homozygous resistant (HR), segregating (Seg) and homozygous susceptible (HS).
Heavy disease pressure was present during the cropping seasons with the check
CACUKE displaying 90% susceptibility. Chi square analysis revealed that the
segregation data in the parent KSL-2 did not deviate significantly from the single
gene model (1:2:1) suggesting that the resistance to stem rust is conditioned by a
single dominant gene. The Chi square test also revealed that the stem rust
resistance in the parents KSL-3, KSL-5, KSL-12 and KSL-19 was conditioned by
two genes. The families from the KSL-2 and KSL-3 crosses also segregated for the
presence of the pseudo black chaff implying that the Sr2 gene could be presented
in the background of these wheat parents. The superior transgressive segregants
identified in these crosses will be used in breeding.

Rehman et al. (2013) reported that partial resistance varieties were crossed

in a top cross/back cross scheme and the segregating populations were advanced
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by selected bulk method, which resulted in the development of material having
better yield and rust resistance against Brown, Yellow and Black Rust Fungi than
the pre-existing varieties (e.g., Inglab-91, MH-97). Three varieties, Shafaq-06 and
Lasani-08 and AARI-11 from these crosses have been approved for general
cultivation. Similarly, the material developed and distributed by CIMMYT,
Mexico having this type of resistance is being globally adopted.

Bhardwaj (2013) said that a number of genes are known for resistance to
wheat rusts. There is a definite interaction between rust and resistance genes.
Puccinia-Triticum interaction is very widely researched and a model system guided
by gene-for-gene theory. Many of these gene interactions are dependent on light,
temperature and growth stage of wheat plants. Complementary, additive and
inhibitory gene interactions have been recorded. Evolution and detection of new
pathotypes open new horizons and provided material to study evolution in relation
to host resistance.

Cheruiyot et al. (2014) estimated the kind of gene action in the inheritance
of adult plant resistance to stem rust and yield related traits in wheat and to
determine heritability of these traits. Six genotypes, four with known reaction to
stem rust and two genotypes adapted to Kenyan growing environments were
crossed in complete 6x6 diallel fashion. Results revealed that narrow sense
heritability estimates were moderate (0.33 for grain yield) to high (0.78 for days to
heading). Additionally, partial dominance for stem rust infection was found for, the
number of days to heading and the number of productive tillers while over-
dominance was observed for grain yield and plant height. Since all the traits were
heritable, recurrent selection will be effective.

Hermas and El-Sawi (2015) reported that the ratio (h2/H2) that referred to
the number of gene pairs controlling stem rust resistance and yield characters were

less than unity in both F; and F, generations, suggesting that there is at least one
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group of genes governed these characters. Heritability estimates in its broad since
were considered to be very high (up to 90%) enough to select plants with an
adequate level of stem rust resistance and high yield potentiality in the early
generations.

Shahin and Ragab (2015) recorded that dominance of yellow rust
resistance over susceptibility was noticed in most cases (in four out of five resistant
by susceptible crosses). Segregation in the F,'s population showed the presence of
two to three gene pairs controlling plant reaction against the [Pst].

Sharshar (2015) reported that dominance gene effects were larger in
magnitude than the additive gene effects for stem rust resistance. The estimates of
heritability in broad sense were high in most studied crosses. Narrow sense
heritability estimates were low to relatively high for all the studied crosses.

Zennah et al. (2015) stated that in the F, populations evaluations that
derived from Kwale x PCB52 indicated that the resistance is conferred by a single
dominant gene. However, all other F, populations showed that the resistance was
conferred by two genes complementing each other (duplicate recessive epistasis)
thus the ratios 9R: 7S. These identified resistant lines could be evaluated for other
qualities and passed as potential varieties or used as sources of valuable stem rust
resistance.

Zakeri et al. (2016) reported that adult plant resistance to stripe rust disease

is commonly controlled by combinations of genes with additive effects.

Ullah et al. (2016) mixed inheritance analysis using joint segregation
analysis (JSA) for stripe rust (Puccinia striiformis f. sp. tritici) resistance was
carried out in six basic populations (P4, F1, P, BCy, BC, and F,) of four wheat
crosses. Genes controlling stripe rust resistance were assessed by using area under

disease progress curve (AUDPC). The AUDPC was controlled by mixed two

25




REVIEW OF LITERATURE

additive-dominant-epistatic major genes plus additive-dominant-epistasis of
polygenes in cross Hashim-08 x LU-26 (model E), while in Farid-06 x Shafaq, it
was controlled by mixed two major additive-dominant genes plus additive-
dominant polygenes (model E-2). In cross Parula x Blue Silver, the AUDPC was
managed by additive, dominance and epistasis of two major genes (model B-1),
however, it was controlled by mixed one major gene and additive dominant
polygenes in cross TD-1 x D-97603 (model D-1). Genetic variation and heritability
was higher in major genes than polygene for all the crosses showing that AUDPC
was mainly controlled by major genes. The genetic behavior of the AUDPC
revealed that stripe rust resistance was controlled by mixed interaction of one to
two major genes plus polygenes.

Serpoush et al. (2018) studied the heritability of resistance to stripe rust in
bread wheat, F;, F,, BC1 and BC2 generations, derived from a cross between two
wheat cultivars named Morvarid (resistant) and Bolani (susceptible) along with the
parents, were evaluated under greenhouse condition. The seedlings were inoculated
using the race 198E154A+ urediniospores. Results of the generations mean
analysis showed that additive; dominance and epistasis (especially additive x
dominance and dominance x dominance) gene actions have a significant role in
control of the trait. Furthermore, high broad-sense heritability was observed for
this trait. The narrow-sense heritability was in an average range for infection type
and was low for latent period. The number of segregating genes was estimated 1 -
2 for infection type and 1 - 3 for latent period.

Sharshar and Esmail. Samar (2019) studied the resistance of stripe and
stem rust diseases in three wheat crosses derived from four parental wheat
genotypes. Genetic material included six populations (P1, P2, F;, F, , BC1 and
BC2 ) for each cross. Heritability estimates in broad sense were high for stripe and
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stem rust diseases for all the studied crosses, indicating that the phenotypic
variability was mostly attributed to genetic effects for these diseases in these
crosses. On the other hand, heritability estimates in narrow sense were moderate to
high for stripe and stem rust diseases for all the studied traits, according to the
cross and/or traits itself, reflecting the importance of additive gene action and their
effects in resistant for stripe and stem rust diseases except the second cross in stem
rust.

2.3.Molecular breeding for wheat stripe and stem rusts resistance.

Ma et al. (2001) investigated the origin and distribution of Yr26 and
inheritance of resistance and molecular marker analysis using pedigree, Triticum
turgidum L. was the common ancestor of Yr26. PCR-SSR markers were shown to
be very effective for the detection of the Yr26 gene in segregating populations and

therefore could be applied in wheat breeding .

Sun et al. (2002) reported that, foundation of DNA markers for the Yr5 gene
will encourage marker-assisted selection and gene pyramidng in the breeding
program. The Yr5 gene was located on the long arm of chromosome 2B, By33, the
donor of Yr5, was crossed and backcrossed with the susceptible line 441, and
BC3F, and BC3F; segregating populations were used for polymorphism by using
11 microsatellite marker, Xgwm501 with 195 bp and160 bp .

Tsilo et al. (2008) reported that, the identification and validation of
molecular markers linked to Sr6 that can be used for the detection of this gene in
wheat breeding programs. Bulked segregant analysis (BSA) and 418 SSR markers
that covered the entire genome of wheat were used to screen seedling stage.
Markers , Xwmc453, Xcfd43, Xcfd77, and Xgwmd484, were mapped within a
chromosome region that covered 9.7 cM from Sr6. The closest markers, Xwmc453

and Xcfd43, were linked to Sr6 with a distance of 1.1 and 1.5 cM, respectively.
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The markers Xwmc453 and Xcfd43 amplified Sr6-specific marker alleles that were
diagnostic for Sr6 in a diverse set of 46 wheat accessions and breeding lines
developed and/or collected from different regions. These markers could be used

for MAS of Sr6 and for pyramiding it with Sr resistance genes .

Wang et al. (2008) screening SSR markers closely linked with Yr26. A total
of 500 F, plants and the F,.; progenies , the stripe rust resistance was controlled by
a single dominant gene, Yr26. The closest SSR marker, Xwel73 and Xbarc181,
mapped in 1BL and the genetic distances from Yr26 were 1.4 cM and 6.7 cM,
respectively. Eight common wheat cultivars and lines were tested for presence of
the markers, only five lines with Yr26 carried the flanking markers whereas three
lines without Yr26 were not. The results indicated that the SSR markers should be

useful in marker-assisted selection for incorporating Yr26 into wheat cultivars .

Babiker et al. (2009) inoculated Ninety-eight F, plants with a stem rust
isolate of race QTH to identify molecular markers linked to the stem rust resistance
gene Sr35 that provides resistance against many devastating races, including QTH
and TTKS (or Ug99), in wheat. Using 21 microsatellite primer pairs to dedect
polymorphism among parental lines and F, population, only two markers (.
Xgwm391 and Xcfa2076) retained significance o = 0.05. GWM391 revealed a
polymorphic band with 200 bp found only in the susceptible bulk. In contrast,
Xcfa2076 amplified polymorphic band with 210 bp in the resistant bulk and its
parent. Using linkage analysis Xgwm391 was found to be comparatively close to
Sr35 with a genetic distance of 12.2 cM. Whereas searching for closer marker
continues, wheat breeders could be obviously promoted by using these markers in
their selection of Sr35 in their battle against the brutal stem rust race Ug99 .

Akfirat et al. (2010) used bulk segregant analysis (BSA) to identify

molecular markers associated with strip rust disease resistance in bread wheat
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(Triticum aestivum L.). DNAs isolated from the selected strip rust resistance and
susceptible F, individuals derived from a cross between strip rust resistant and
susceptible wheat genotypes. SSR markers (Xgwm382) located on chromosome
group 2 (A, B, D genomes) was existing in the resistant parent and the resistant
bulk but absent in the susceptible parent and its susceptible bulk, suggesting that
this marker is linked to a strip rust. The existence of Xgwm382 was also tested in
108 additional bread wheat genotypes differing in Yr rust resistance. This analysis
showed that 81% of the wheat genotypes was yellow rust resistant and had the
Xgwm382 marker, therefore, in wheat breeding programs Xgwm382 could be
useful for marker assisted selection of Yr resistances .

Xu et al. (2014) constructed a high density genetic map and to developed
markers for YrC591. Stripe rust resistance gene YrC591, existing in wheat cultivar
C591, is effective against now important Puccinia striiformis Westend. f. sp. tritici
isolates. Using 34 SSR markers which located on 7BL were used to perform bulk
segregant analysis. Out of them only 8 SSR markers, cfa2040, wmc273, wmc166,
gwm984, barc32 wmc276, barc182 and gwm146 were polymorphic between the
parents and contrasting susceptible and resistant DNA pools. In addition,
authentication of the SSR markers cfa2040, wmc273 and barc32, was carried out
using C591 line as a parent, indicating that they could be an effective in tracing
this gene in MAS .

Yadav et al. (2015) used marker assisted backcrossing (MABC) to transfer
three stem rust resistant genes Sr25, SrWeb and Sr50 into the popular Indian
wheat. The donor was the CIMMYT breeding line PMBWIR4, and each of the
objective genes was marked by a simple PCR assay. The improved lines of
HUW234 contain the segment of donor parent carrying genes; Sr25, SrWeb and
Sr50. The selected lines may also contain certain amount of linkage drag along
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with the target genes. SSR markers; gwm319, wmc245, wmc272, wmc332,
wmc361 and gwm382 for the gene SrWeb , while ,gwm302, wmc322, gwm344,
barc340, gwm146 and wmc232 were used for recombinant selection for the gene
Sr25. Six lines were selected which carried minimum segment of donor parent

based on selection on carrier chromosome (recombinant selection).

Yao et al. (2017) used F, progenies from crosses between a high level of
resistance to yellow rust and a set of 20 CS monosomic lines. Using 141 F, plants
and their F3 generations with 7B specific simple sequence repeat (SSR) markers, a
linkage map consisting of five SSR loci and the resistance gene locus YrLk was
constructed. The linkage map covered a genetic distance of 21.6 cM, and the SSR
markers Xwmc396 and Xbarc267 were closely linked to YrLk with genetic

distances of 3.3 and 4.4 cM, respectively .

Randhawa et al. (2019) demonstrated that, the usefulness of markers linked
with rust resistance genes Yr51, Yr57, Sr22, Sr26, and Sr50. MAS was
successfully working to select combination of resistance with most plant stages.
The MAS approach is even more useful in the situation of genes that show
recessive inheritance. In this study, backcrossing of the recessive gene Yr51 was

successfully achieved.

Long et al. (2019) performed a genome-wide association to identify
effective Yrs resistance loci, using bread wheat landraces based on Diversity
Arrays Technology and SSR markers. In total, 19 displayed stable, high degrees of
resistance to Yr development when exposed to mixed races of Pst at the adult-plant

stage in different field conditions assessments.

Rathi et al. (2020) screened F, population from cross WH711 (susceptible
parent) and PBWG698 (resistant parent) against stripe rust was done on the basis of

field reaction of yellow rust and 12 morphlogical traits. The genotyping of parents
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was done by using 80 SSR markers out of which 11 were found polymorphic.
These 11 markers were used to screen 250 individuals of F, population. Mendelian
inheritance was followed by five markers viz. Xgwm631, Cfa2040, Xsps3000,
Barc76 and Xgwm 130 which segregated according to expected ratio of 1:2:1 with
chisquare values 5.78, 4.23, 2.75, 9.2 and 7.6 respectively. Single marker analysis
showed markers Xgwm631, Cfa2040 (Yr2, Yr6), Xsps3000 (Yrl0), Xgwm130
(Yr7), Xwmc407 (Lrl7), Barc46, Xgwm4l3 (Yrl5), Barcl87 (Yr27) and
Xgwm273 (YrH52) were linked with yellow rust locus at 0.01% of significance
hence these genes may be present in the breeding population. Cfa2040 was found
linked with flag leaf area, number of spikelets and Barc181 with spike weight
locus. Markers on chromosomes 7A and 1B showed LOD values 6.64 and 6.86

conferring tight linkage with yellow rust locus thus can be used for MAS.
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Materials and Methods

3. MATERIALS AND METHODS

The present study was carried out at the experimental farm of Sakha
Agricultural Research Station, Agriculture Research Center, Egypt. Moreover,
the molecular study was conducted at Genetic Engineering and Tissue Culture
Lab., accredited based on ISO 17025:2005, Genetics Department, Faculty of
Agriculture, Kafrelsheikh University. During the three growing seasons from
2014/2015 to 2016/2017 to study the genetical behavior of some agronomical

characters and resistance to strip and stem rusts of wheat.
3.1. Field experimental design:-

In 2014/2015 season, six parental wheat genotypes, i.e., Shandaweel 1, Misr
1, Sakha 95, Sakha 94, Line 1 and Line 2 were crossed to produce the following
crosses, (Line 1 x Misr 1), (Line 2 x Sakha 95), (Shandweel 1x Misr 1), (Sakha
94 x Misr 1) and (Sakha 94 x Sakha 95).

In the second season 2015/2016, the F; plants were self-pollinated to obtain
F, grains and backcrossed at the same time to both respective parents to obtain
the two backcrosses (BC; and BC,), self-pollination was made for the parents to
get parent’s selfed grains, in the same time, the five crosses were made again to

obtain F;'s grains.

In the third season 2016/2017, the six populations (P4, P,, F1, F2, BCy and
BC,) of each cross were sown in randomized complete blocks design with three
replicates. Each replicate consisted of 13 rows (one row for P;, P, and F;, two
rows for each of BC; and BC, and six rows for F,). In addition, two border rows
were planted with a mixture of high susceptible cultivars for natural infection.
Each row was 3 m in length spaced 30 cm apart and grains were spaced 20 cm

between plants.

The experiment was surrounded by mixed wheat cultivars which were

highly susceptible to strip and stem rusts as a trap nursery and spreader to help in
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both natural and artificial inoculations. The artificial inoculation for stem rust
was carried out at the third week of March in the early evening (at sunset) using a
mixture of fresh urediniospores for the most prevalent pathotypes of stem rust
with talcum powder at a rate of 1: 25 (w/w) and dusted at booting stages, using
the methods of Tervet and Cassell (1951). Meanwhile, The artificial inoculation
for stripe rust was not carried out because Sakha is considered a hot spot for this
disease and it is forbidding to do so in the open fields.

Table (1): Name, pedigree and their rusts reaction of the studied parental
bread wheat genotypes.

Reaction to rusts*

Genotypes Cross &Pedigree
YR SR
SITE/MO/4/NAC/TH.AC//3*PVN/3/MIRLO/BUC
Shandweel 1\ /< <93B005675-72Y-010M-010Y-010M-3Y-OM-OHTY-0SH R S
Misr 1 OASIS / SKAUZ /I 4*BCN /3/ 2*PASTOR S S
CMSS00Y01881T-050M-030Y-030M-030WGY-33M-0Y-0S)
Linel SAKHAS/YECORA ROJO S S
Line 2 SIDS BXD 12-13 #3 S S
OPATA/RAYON//IKAUZ
Sakha 94 CcMBW90Y3180-0TOPM-3Y-010M-010M-010Y-10M-015Y-0Y- R R
0AP-0S,

PASTOR // SITE /MO /3/ CHEN / AEGILOPS

Sakha95 SQUARROSA (TAUS) // BCN /4/ WBLLL. R S
CMAO01Y00158S-040POY-040M-030ZTM-040SY26M-0Y-0SY-0S.

(YR)Yellow rust, (SR) Stem rust, (R) Resistant, (MR)Moderate Resistant, (S) Susceptible.

*Based on data from wheat research department, ARC, Egypt.

At harvesting time, the data were obtained from 45 guarded individual
plants for each parent and F;, 75 plants for each backcross and 300 F, plants for

each cross from three replications.
3.2. Assessment of the agronomic traits:
The characters were recorded as follows:

1. Days to heading (DH days): Number of days from sowing to the time of
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emergence of the first spike.

2. Days to maturity (DM days): Calculated as a number of days from sowing
date to 50% maturity.

3. Plant height (PH cm): Measured by a centimeter (cm) from the soil surface
to the tip of the spikes, excluding owns.

4. Number of spikes per plant (S/P): Determined by counting the number of
fertile spikes per plant.

5. Number of kernels per spike (Kern/S): estimated by counting the number
of kernels of the main spike.

6. 100- Kernel weight (100 KW. g): determined by weighing 100 randomly

selected kernels.

~

Grain yield per plant (GY): recorded by weighing the grains of each

individual plant.
3.3. Stripe and Stem rusts assessment:

The infection types for the stripe and stem rusts caused by Puccinia
striiformis and Puccinia graminis, respectively, were recorded and estimated as
disease severity according to the scale adopted by Stakman et al (1962). In this
method, resistance, moderately resistance, medium, moderately susceptible and
susceptible field responses were symbolized as R, MR, M, MS, and S,

respectively.

The rust reaction frequency distribution was performed for the six
populations of the five crosses at early dough stage and right before harvesting
for the stripe and stem rusts, respectively under field conditions. For the
quantitative analysis, field response was converted into an average coefficient of
infection (ACI) using the method of Stubbes et al. (1986) and modified by
Shehab EI-Din and Abd El-latif (1996). In this method, an average coefficient of
infection could be obtained by multiplying infection severity by an assigned
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constant values namely, 0.05, 0.1, 0.2, 0.4, 0.6, 0.8 and 1 for 0, 0;, R, MR, M,
MS and S infection types, respectively.

Frequency distribution values were computed for parental, F,, F,, BC; and
BC, populations for stripe and stem rusts reaction in all crosses in the adult tests,
under the field conditions. With respect to the mode of inheritance, goodness of
fit for the observed: expected ratio of the phenotypic classes was determined by

the Chi-square (y°) analysis according to Steel and Torrie (1960).

3.4. Statistical analysis:-

In each cross, the mean (X) and the variance of mean (S§—<) were calculated
for (Py, Py, Fi, BCy, BC, and F,) generations. The population means and
variances of the mean were used to estimate the type of gene action. One tail F

ratio was calculated to test the significance of F, variance as follows:

Variance of F,

~ Variance of E

Where,
Vg= [Vg,+ Vp,+Vp, |/3 veeenee Allard (1960)

If the F ratio was significant, the Gamble’s procedure (1962) was used to
estimate the components of the genetic effect. When the F ratio was not
significant, it would be an indication that, the variation within the F, generation
was due to mainly the environmental effects. The “ t ” test was used to test the

significant difference between the two parents in each cross.
3.4.1. Scaling test

Adequacy of scale must satisfy two conditions namely, additively of gene
effects and independence of heritable component from non-heritable ones. The
test of the first condition provides information regarding absence or presence of

gene interaction. The test of the adequacy of scales is important because in most
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cases, the estimation of additive and dominance components of variances were
estimated assuming the absence of epistatic gene interactions. Mather (1949) and
Hayman (1954) gave four tests for scale effects A, B, C and D. The values of A,
B, C and D should be equal to zero within the limit of their standard error. The
significance of any one of these scales is taken to indicate the presence of non-
allelic interaction. The scaling tests A, B, C, and D were applied according to the
formulae proposed by Mather (1949) as well as Hayman and Mather (1955) to

test the presence of non-allelic interaction as following:

A=2EC, — B, - F, C=4F, - 2F, - B, — P,
B=2BC, — P, — F, D =2F, — BC, — BG,
VA =4Vpe, V5, +VE, S.E (A) = \/V_A

Vg = 4Vpe, tVp, TV, S.E(B) = \/V_B

Ve =16VE,+4Vg +Vp, +Vp, S.E(C)= \/V_c

Vp =4VE,+Vgg, +Vag, S.E (D) = \/V_D

The (t) values are calculated as follows:-

t (A= A/S.E (A) t (C)= C/S.E (C)
t (B)= B/S.E (B) t (A)= D/S.E (D)
The calculated values of (t) were compared with the tabulated value of (t) of

5% and 1% level of significance. In each test, the degree of freedom is sum of the

degrees of freedom of various generation involved.
The following genetical parameters were estimated:-
3.4.2. Gene action (types of gene effect)

Data were analyzed by two methods as follows:-
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3.4.2.1. Generation mean analysis

The means of the six populations in each cross were used to estimate the six

parameters of gene effects, using Gamble’s procedure (1962) as follows:

m:F2
a:B_l-B_z

1 1 _ _ _ _ _
d:-z Pl - 5 P2+F1-4F2+2BC1+2BC2

aa=-4 F,+2 BC, +2 BC,

1 1 _ _ __
ad: 5 P1+ 5 Pz‘f‘ BCI-BCZ

dd =P+ P,+2 F,+ 4 F,- 4 BC,- 4 BC,

Where, the parameters m, a, d, aa, ad, and dd refer to mean effects, additive,
dominance, additive x additive, additive x dominance and dominance X
dominance gene effects, respectively. Estimates of gene effects were tested for

significance from zero by using t-test as follows:

Effect

Calculated £t = .
v/Variance of Effect

Tabulated (t) was defined with d.f of o at 0.05 and 0.01 levels of
probability, where the variance of an effect is a linear function of the variance of

its mean. The variance of these estimates is obtained as follows:
V= Vf:z
Vo = VB_Cl + VB_CZ

V4= 1/4V1—)1 + 1/4 sz +V1-:1 +16 Vﬁ2+4V@1+4VE2
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V= 16VT:2+ 4VW1 + 4\7@2

Vi = 1/4V131+ 1/4V132 +V@1 +V@2

Vaa =Vpl +Vp2 +4VF1 + 16VF2 + 16V@1 + 16\7@2

Where,

Vi »Va, Ve, Vi, Vygand Vyy are the variances of the different effects and
Vp, , Vp, , Vg, V¢, » Ve, and Vg, are the variances of mean for different

six populations.

3.4.2.2. Generations variance analysis
The following genetical parameters were estimated.
1.  Environmental variance (Vg): Estimated from the variation within the
non-segregating populations, e.g., parents and F, plants.
Ve =(Vp,+ Vp,+ V) /3
Where:
Vp, = the variance of high parent individuals.
Vp, = the variance of low parent individuals.
Vg, = the variance of first-generation individuals.
2. Genotypic variance (Vg): Estimated by subtracting the environmental

variance from the phenotypic variance according to the following formula
(Falconer 1989):

V= Vp- Vg
Where:
Vg = Genotypic variance of F; individuals.

Vp = Phenotypic variance of F, individuals.

Vg = Environnemental variance.
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Partitioning of variation in F, and backcrosses was carried out using the
following formula presented by Mather (1949):
Vg, =% D+ % H+E Vg, + Vg, =% D+ % H+2E
Where:
Vg, variance within F, population,
V3, variance within backcross of F; to one parent,
Vg, variance within backcross of F; to the other parent,

D: the component of the genetic variance due to the additive effects of genes,
H: the non-additive component of the genetic variance due to dominance and,
E: the environmental component of variation.

Estimates of 1/2 additive and non-additive components were obtained by solving

the above two equations.
/2 D =2Vg,- (Vg,7Vp,) /aH= (Vg +Vg,) -Vg,- Vg
3.4.3. Heterosis:

Heterosis was expressed as the deviation of F; generation from the mid-

parent or the better parent average values by Mather and Jinks (1982), as follows:
Heterosis over mid-parent % (M.P) = (F;- MP )/ MP x 100
Heterosis over the better-parent % (BP) = (F,- BP )/ BP x 100

To test the significance of the above estimate of heterosis, the variance of

heterosis deviation was calculated as a linear function of three variances.
Variances of heterosis over mid-parent deviation = Vg, + % Vp + V4 Vi,
Variances of heterosis over the better-parent deviation = Vg, + Vgp

Where: Vg, Vp, and Vi, are the variances of the mean of each generation.
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3.4.4. Inbreeding depression

The inbreeding depression percentage was computed according to Mather
and Jinks,1971 as follows:
Fi-F,

I.D % = %100

1
To test the significance of inbreeding depression, "t" test was calculated as
follows :

Estimate Values of ID

t. test of LD =
Standard error of mean

where :

Standard error of mean= /VF1+ VE,

Vg, = variance of F; mean
Vg, = variance of F, mean

3.4.5. Nature degree of dominance (Potence ratio):

The following equation was used to determine potency ratio.

Pot ti Fi- MP Smith (1952)
otence ratio = ——=——=— ......... mi
72 (P1- Py)
Where:
F, is first generation mean P, is the mean of the smaller parent
P, isthe mean of the larger parent MP is mid-parent value.

1-  No dominance is indicated when potency ratio is equal zero.
2-  Complete dominance is indicated when potency ratio is equal to + 1

3-  Partial dominance is considered when the ratio is between +1 and —1, but
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not equal zero.

4-  Over dominance is indicated if potency ratio exceeds +1 or less than —1.
3.4.6. Heritability

Heritability estimates were computed in both broad (H) and narrow senses

(h?) as follows:

Genetic variance

H (%) = . . x100 ........ Allard (1960)
Phenotypic variance

where :
Genetic variance =vF, —VE ,  Phenotypic variance =VF2

Additive variance

h? (%) = x100 ........ Mather (1949
(%) Phenotypic variance ather ( )

where:
Additive variance = 2Vg, - Ve, - Vi,
3.4.7. The predicted genetic advance under selection (Ag):-

It was computed according to Johnson et al. (1955).

Ag=K x ’VFZ x h

(K) a selection differential with a value of 2.06 under 5 % selection intensity.

Where:

Also, this expected gain was expressed as a percentage of F, mean (Ag%)

according to Robirson et al. (1951) as follows:
Ag
Ag (%) = T x100

Where: (X) mean of the F, population.
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3.5. Molecular markers associated with stripe and stem rusts resistance:

Two crosses were used one for yellow rust and the other one for stem rust,
based on the presence of a large segregation rate in F,. DNA was isolated using
CTAB method from fresh leaves of the used two crosses of breed wheat
according to Doyle and Doyle (1990).

Fresh 100-150 mg of bread wheat leaves were collected, placed
immediately in liquid nitrogen and grinded to powder under liquid nitrogen using
mortar and pestle. The ground material was transferred into 2 ml Eppendorf
tubes. The 800 ul of pre-heated (65°C) CTAB extraction buffer were added
followed by vigorous vortexing. The tubes were incubated for 30 min., at 60°C.
After incubation, 800 pl Cl-mix (24 parts chloroform + 1 part isoamylalcohol)
were added and tubes were gently mixed by inverting. The mixture was
centrifuged at room temperature for 10 min. at 12000 rpm. The aqueous phase
(app. 400 pl) was transferred into a fresh 1.5 ml Eppendorf tube. The
centrifugation step was repeated to get a clear sample. About 275 ul of pre-
cooled (-20°C) isopropanol were added and gently mixed to allow precipitation
of DNA. The tubes were centrifuged for 10 min. at 14000 rpm to precipitate the
genomic DNA. The supernatant was discarded and the DNA pellet was washed
with 200 ul washing buffer (76 % absolute ethanol, 10 mM Na-acetate, 7.5 M
NH,-acetate, 0.5 M EDTA, pH 8) until the pellet floats. Washing buffer was
carefully removed and the pellet was resuspended in 200 pl TE buffer (10 mM
Tris-HCI, 1 mM EDTA, pH 8.0) supplemented with RNase A (10 pg/ml). The
sample was incubated for 30 min. at 37°C, and then 100 ul of 7.5 M NH;-acetate
and 750 pl absolute ethanol were added and gently mixed. The mixture was
centrifuged at maximum speed (1200 rpm) for 10 min. at room-temperature. The

supernatant was discarded completely and the pellet was dried for 40-50 min. at
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37°C. After drying, the pellet was resuspended in 100 ul TE buffer and stored at
4°C overnight.

After the evaluation of rust disease resistance, the young leaves were used
to extract genomic DNA. Each plant of F, population was collected and extracted
separately. Extracted total DNA were quantified and equal amounts of DNA were
taken and bulked to make resistant and susceptible DNA pools based on
Michelmore et al., (1991) 10 resistant F, plants and 10 susceptible F, plants. SSR
marker polymorphic analysis between resistant and susceptible DNA pools was
carried out with the resistant cultivar and the susceptible cultivar for each
selected cross.

Buffers
CTAB extraction buffer

10 ml of 1 M Tris HCI pH 8.0

28 ml of 5 M NaCl

4 mlof 0.5 M EDTA

2 g of CTAB (cetyltrimethyl ammonium bromide)

Bring total volume to 100 ml with ddH,O.

TE Buffer

10 ml 1 M Tris HCI pH 8.0

2ml0.5MEDTA

Bring total volume to 1 L with ddH,O.
1M Tris HCI, pH 8.0

121.1 g Tris dissolve in about 700 ml of H,0.

Bring pH down to 8.0 by adding concentrated HCI (about 50 ml).

Bring total volume to 1 L with dd H,O.
0.5MEDTA
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186.12 g EDTA

Add about 700 ml ddH,0

16-18 g of NaOH pellets
Adjust pH to 8.0 with a few more pellets; EDTA won’t dissolve until the pH is
near 8.0. Bring total volume to 1 L with dd H,0.
7.5 M Ammonium acetate

57.81 g ammonium acetate

~50 ml of dd H,O

Bring to 100 ml total volume.

The PCR reactions using 10 SSR primers were used in this study as shown
in Table 2. The SSR primers were selected from the database
www.graingenes.org, as previous information associated with stripe and stem
rusts resistance. The reactions for SSR were optimized and mixtures were

prepared (in total volume of 25 pl) as follows:

10 x PCR buffer 3ul
dNTPs 2.5 ul
MgCI2 1.0 ul
Primer F 0.75 pl
Primer R 0.75 pl
Taq polymerase (5 U/ ul) 0.6 ul
Genomic DNA (40 ng/ ul) 2 ul
Didistilled water up to 25 ul

PCR cycling was carried out as the following program; one cycle at 95°C
for 5 min., then 35 cycles were performed as follows: 1 min., at 95°C for
denaturation, 45 sec. at (based on primer annealing Tm almost 60°C) for
annealing and 30 sec. at 72°C for extension. Reaction was incubated at 72°C for

7 min., then at 4°C for keeping.
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The PCR products were separated by electrophoresis using 3% agarose gel
in 0.5 x TBE buffer against 100 bp DNA Ladder as a size marker. Bands were
detected with ethidium bromide staining and visualized under UV light, then
photographed on Gel Documentation. Bands size were detected using gel

analyzer.

Table (2): SSR primers and their sequences, gene target, band size, chromosome
number and motif.

. Gene SSR Chromosme .
Primers target Sequence size No. Motif Refrences
5 TGGCGCCATGATTGCATTATCTTC 3 (CA)GA | Roder MS et
Xgwm 18 | YI26 | 5 GGTTGCTGAAGAACCTTATTTAGG 3 | 1860P 1BL (TA), al. (1998)
XgWM |\ oe | 5 TGCTTGTCTAGATTGCTTGGG 3 200-325 I GA) Roder MS et
413 5'GATCGTCTCGTCCTTGGCA 3' bp 18 al. (1998)
Xgwm 5' GGCTATCTCTGGCGCTAAAA 3 Roder MS et
501 YIS | 5 TCCACAAACAAGTAGCGCC 3 195bp 2B (CA) al. (1998)
Xgwm 5' GTCAGATAACGCCGTCCAAT 3' Lowe I et al.
382 Y | 5 CTACGTGCACCACCATTTTG 3 200 2D (GA)zs (2011)
5 GTTGAGCTTTTCAGTTCGGC 3 Roder MS et
xgwm 44 | Yr18 | & AcTGGCATCCACTGAGCTG 3 182bp D (GA)zs al. (1998)
Xwmc ACTTGTGTCCATAACCGACCTT Somers and
453 SI6 | ATCTTTTGAGGTTACAACCCGA 187 bp 2A (CA%s | 1saac (2004)
Xgwm | o, | 5 AAGGCGAATCAAACGGAATA 3 1205 - (CT)s(C | Anderson JA
533 5 GTTGCTTTAGGGGAAAAGCC 3 P Ao et al. (2001)
XgWm | g aq | 5 GGTTGCTGTACAAGTGTTCACG 3 1705 - CTuN) | Loweletal.
319 5' CGGGTGCTGTGTGTAATGAC 3 P (CTs (2011)
5' TTGCTACCATGCATGACCAT 3 (CT),TT( | Roder Ms et
Xgwm 47 | S19 | 5 11CACCTCGATTGAGGTCCT 3 166bp 2B CTis al. (1998)
Xwmc Sr22 5'ACACCAGCGGGGATATTTGTTAC 3 143b 7A Somers and
633 5'GTGCACAAGACATGAGGTGGATT 3' p Isaac (2004)
TBE buffer (10 X)
Tris 108 gm
Boric acid 55gm
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EDTA 55 gm
Distilled water up to 1L

Sample preparation

PCR-Product 15 ul

Loading buffer (6X) 3ul
Loading buffer (6 X)

Bromophenol blue 0.25gm

Xylene cyanol 0.25 gm

Glycerol ( 30 %) 100 ml

The run was performed for one hour at 80 volt in Bio-Rad submarine (8 cm x 12
cm).

46




RESULTS
= AND =
: DISCUSSION =

= 5
= 5
= 5
= 5
= 5
= 5
= 5
= 5
= 5
= 5
= 5
= 5
= 5
= 5
= 5
= 5
= 5
= 5
= 5
= 5
= 5
= 5
= 5
= 5
= 5
= 5
= 5



RESULTS AND DISCUSSION

4, RESULTS AND DISCUSSION
4.1. Inheritance of yield and some agronomical traits:

4.1.1. Mean values and variance of the six populations for all the studied
characters.

Mean, variance, and Mean variances for the six populations of the five crosses
under investigation for agronomic traits are presented in Tables 3 to 9. These data
were used to calculate the scaling test and six parameters as Gamble’s procedure
(1962).

4.1.1.1 - Days to heading:

Concerning days to heading Table (3), mean performance values were
indicated that the F; mean values were higher than the mid-parent value towards
lateness for the second (103.17), third (102.91) and fifth (104.11) crosses,
indicating the presence of partial dominance for late parent for these crosses.
While, the F; mean value was less than the lowest parent value in the first (90.40)
and fourth (101.09) crosses towards earliness, indicating the presence of over
dominance for the earliest parent for these crosses. Moreover, the fourth cross was
less than the mid parents towards earliness, indicating the presence of partial

dominance for early parent for this cross.

With respect to, the F, mean the values were intermediate between the two
parents and close to F; mean values for the second cross (103.99), third cross
(100.26) and fifth cross (103.99), indicating the importance of non-additive
components of genetic variance for these crosses. However, both BC; and BC,
mean values tended towards the mean of recurrent parent for days to heading with
some exceptions in some crosses. These results were in close agreement with those
of Hendawy et al (2009).
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Table (3): Mean(X), variance (S?) and mean variance (S§—() of Py, Py, Fy, F», BC; and
BC, populations of days to heading.

Crosses pitf;:f]gfj‘r's P, P, 3 5 BC, BC,

X 91.51 93.40 90.83 99.60 99.15 100.99

1 §? 0.26 0.25 0.15 17.54 12.13 13.88
s¥ 0.01 0.01 0.004 0.06 0.16 0.19

X 104.89 99.42 103.17 103.99 107.27 100.01

2 s? 0.10 0.25 0.15 18.72 15.41 13.34
Sk 0.002 0.01 0.004 0.06 0.21 0.18

X 101.11 97.96 102.91 100.26 103.07 103.45

3 s? 0.92 0.59 0.61 26.73 21.63 22.44
s¥ 0.02 0.01 0.02 0.09 0.29 0.30

X 104.62 98.76 101.09 104.87 105.17 102.39

4 s? 0.24 0.19 0.08 15.81 14.50 10.83
S 0.01 0.004 0.002 0.05 0.19 0.14

X 105.09 103.11 104.11 103.99 106.05 104.23

5 S? 0.08 0.10 0.10 21.24 16.02 18.61
s¥ 0.002 0.002 0.003 0.07 0.21 0.25

(Crossl) Line 1 x Misr 1, ( Cross 2) Line 2 x Sakha 95, (Cross 3) Shandweel 1 x Misr 1, (Cross 4) Sakha 94
x Misr 1, (Crossb) Sakha 94 x Sakha 95.

4.1.1.2- Days to maturity (day):

Regarding the days to maturity, results in Table 4 showed that the F; mean
value for the first cross (147.63) was less than the early parent, indicating the
presence of over dominance for the early parent. Furthermore, the F; mean value
was less than the mid-parent for the second cross (148.03) and third cross
(148.89) indicating the presence of partial dominance for an earliest parent for
these crosses. On the other hand, the F; mean values were more than the late
parents for the fourth cross (149.17) and fifth cross (149.94) indicating the
presence of over dominance for the late parent.

As to the F,, mean values were more than the late parent for all the studied
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crosses except for the third one (148.95), indicating the presence of partial
dominance for the late parent for these crosses.

With regards to both BC,; and BC, mean values tended towards the mean of
recurrent parent for all the studied crosses with some exceptions. This finding was
also found by Abd EI-Aty et al (2005), Hendawy et al (2009) and Sharshar (2015).

Table (4): Mean(X), variance (S?) and mean variance (S§—() of Py, Py, Fy, F», BC; and
BC, populations of days to maturity (day).

Crosses p?f;:f]gf:‘r's P, P, F, 5 BC, BC,
X 149.89 148.87 147.63 150.37 150.27 149.09
1 s? 0.10 0.12 0.24 5.37 3.85 3.95
sk 0.002 0.003 0.01 0.02 0.05 0.05
X 150.93 147.09 148.03 151.75 153.60 150.57
2 s? 0.06 0.08 0.09 7.33 5.14 5.92
sk 0.001 0.002 0.002 0.02 0.07 0.08
X 150.91 148.93 148.89 148.95 150.00 150.99
3 s? 0.08 0.09 0.10 4.87 3.30 3.09
sk 0.002 0.001 0.003 0.02 0.04 0.04
X 147.96 148.82 149.17 150.99 150.19 152.52
4 s? 0.04 0.08 0.15 5.18 2.86 4.14
s¥ 0.001 0.003 0.004 0.02 0.04 0.06
X 148.07 147.11 149.94 151.19 150.67 150.32
5 s? 0.06 0.10 0.29 6.87 5.33 5.41
Sk 0.001 0.002 0.01 0.02 0.07 0.07

(Crossl) Line 1 x Misr 1, ( Cross 2) Line 2 x Sakha 95, (Cross 3) Shandweel 1 x Misr 1, (Cross 4) Sakha 94
x Muisr 1, (Cross5) Sakha 94 x Sakha 95.

4.1.1.3- Plant height (cm):

Concerning the plant height as shown in Table 5, the F; mean values for the
second (112.17 cm), Fourth (114.29 cm) and fifth (122.09 cm) crosses, indicating
over dominance role in inheritance this character for these crosses. Meanwhile, the

F1 mean values exceeded the mid values of the two parental mean for the first cross
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(109.57 cm), indicating the presence of partial dominance for tallest parent for
these crosses.

The obtained F, mean was lower than that of F; in most crosses, indicating
the occurrence of inbreeding depression in F, generation. However, both BC; and
BC, mean values tended toward the mean of recurrent parent for all the studied
crosses with some exception. These results are in agreement with those of Abd El-

Aty et al (2005) and Darwesh (2011).

Table (5): Mean(X), variance (S?) and mean variance (S%) of Py, P,, F1, Fp, BC; and
BC, populations of plant height (cm).
Statistical

Crosses parameters Py P, F. F, BC; BC,

X 94.62 111.78 10957 10753 10253  110.60

1 s° 0.65 4.04 3.49 40.72 23.90 31.05
Sk 0.01 0.09 0.10 0.14 0.32 0.41

X 11636 11578 11217 11010  111.33  116.87

2 s° 1.33 2.22 17.97 15501  121.85 13566
Sk 0.03 0.05 0.51 0.52 1.62 1.81

X 11471 109.31 11343 11682 11660  110.00

3 s° 0.44 0.72 8.61 389.58 27376  364.19
Sk 0.01 0.02 0.25 1.30 3.65 4.86

X 117.60 11889 11429 11725 11747 11647

4 s° 5.65 1.01 6.09 62.06 51.60 30.93
Sk 0.13 0.02 0.17 0.21 0.69 0.41

X 12022 12196 12209 11903 11980 12047

5 s’ 1.09 1.00 8.26 196.05  144.89  137.28
Sk 0.02 0.02 0.24 0.65 1.93 1.83

(Crossl) Line 1 x Misr 1, ( Cross 2) Line 2 x Sakha 95, (Cross 3) Shandweel 1 x Misr 1, (Cross 4) Sakha 94
x Misr 1, (Cross5) Sakha 94 x Sakha 95.

4.1.1.4. Number of spikes per plant:

Data in Table 6 indicated that, the F; mean values for the first cross (27.49),
second cross (27.26), third cross (24.86) and fourth cross (26.86) were
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approximately equal to the mid-parent values, indicating the presence of non-
additive components of genetic variance for this trait. Meanwhile, for the fifth
cross (26.14) the F; mean value was lower than the mid-parent, indicating partial

dominance for this cross.

Table (6): Mean(X), variance (S*) and mean variance (S%) of Py, P,, F1, F», BC; and
BC, populations of number of spikes/plant.

Statistical

Crosses parameters Py P, Fy F, BC; BC,
X 31.24 23.64 27.49 26.03 25.12 24.05

1 g2 1.28 1.10 7.32 104.36 82.43 76.78
sk 0.03 0.02 0.21 0.35 1.10 1.02

X 22.04 31.71 27.26 23.68 17.92 25.47

2 s? 0.91 1.07 4.84 120.10 67.45 84.50
Sk 0.02 0.02 0.14 0.40 0.90 1.13

X 22.09 24.84 24.86 23.50 21.44 20.79

3 S? 1.72 1.41 5.42 65.29 53.76 49.60
s¥ 0.04 0.03 0.15 0.22 0.72 0.66

X 26.40 27.24 26.86 26.91 23.45 25.48

4 s 1.43 1.37 1.83 106.78 99.98 78.98
sk 0.03 0.03 0.05 0.36 1.33 1.05

X 27.47 33.60 26.14 30.42 23.20 24.03

5 s? 1.25 1.70 3.54 100.06 69.68 82.76
s& 0.03 0.04 0.10 0.33 0.93 1.10

(Crossl) Line 1 x Misr 1, ( Cross 2) Line 2 x Sakha 95, (Cross 3) Shandweel 1 x Misr 1, (Cross 4) Sakha 94
x Muisr 1, (Cross5) Sakha 94 x Sakha 95.

The F,, BC; and BC, mean values were less than the mid- parent for all the
studied crosses except for F, in the fourth cross (26.91), indicating the presence of
transgressive segregation in these generations. Similar trend was previously
reported by Abd EI-Aty et al (2005) and Hamam (2013).
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4.1.1.5. Number of kernels per spike:

The data presented in Table 7 showed that, for number of kernels/spike the F,
mean values exceeded the mid parents for the first cross (57.63) and second cross
(67.29), indicating the presence of dominance towards the better parent. On the
other hand, the F; mean values for the third (66.69), the fourth (59.71) and the
fifth (65.43) crosses were lower than the mid-parent, indicating partial dominance
played major role in inheritance this character for these crosses.

Table (7): Mean(X), variance (S?) and mean variance (S%) of Py, P,, F1, Fp, BC; and
BC, populations of number of kernels/spike.

Crosses pitf;:f]gfj‘r's P, P, F, F, BC, BC,
X 46.24 62.76 57.63 64.58 49,59 59.61

1 s? 0.73 0.64 0.83 46087 27727 35067
s 0.02 0.01 0.02 1.54 3.70 4.68

< 43.60 68.40 67.29 63.94 62.19 65.61

2 52 0.47 0.61 0.80 36324 27575 24513
s2 0.01 0.01 0.02 121 3.68 3.7

X 74.07 68.29 66.69 63.86 69.35 66.81

3 g2 1.34 0.80 0.69 30838 22120  194.40
s2 0.03 0.02 0.02 1.03 295 259

< 66.58 68.98 59.71 57.02 69.35 65.12

4 g2 0.61 0.93 1.03 24214 11491 17622
s 0.01 0.02 0.03 0.81 153 235

X 70.69 72.33 65.43 57.21 56.33 54.63

5 g2 0.86 33.36 0.61 33234 22066 26551
s 0.02 0.74 0.02 111 2.94 3.54

(Crossl) Line 1 x Misr 1, ( Cross 2) Line 2 x Sakha 95, (Cross 3) Shandweel 1 x Misr 1, (Cross 4) Sakha 94
x Muisr 1, (Cross5) Sakha 94 x Sakha 95.

The obtained F, mean was lower than the F; in most crosses, indicating the

occurrence of inbreeding depression in F, generation. However, both BC,; and BC,

mean values tended toward the mean of recurrent parent for all the studied crosses
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with some exception. These results are in agreement with those of Abd El-Aty et al
(2005) and Darwesh (2011).

4.1.1.6. 100-kernel weight (g)

Data in Table 8 showed that the F; mean values was heavier than the mid-
parent for all the studied crosses, except for the third (3.28 @), indicating
dominance towards the better parent, suggesting cross vigor for 100-kernel weight.

Table (8): Mean(X), variance (S*) and mean variance (Sg—() of Py, P, Fy, F,, BC; and
BC, populations of 100-kernel weight (g).

Crosses p?f;:f]gf:‘r's P, P, F, 5 BC, BC,
X 273 354 3.95 363 331 3.73

1 s? 0.01 0.005 0.01 0.55 0.42 0.36
s 00002 00001 00002  0.002 0.01 0.005

X 262 4.10 3.63 3.46 246 3.90

2 s? 0.005 0.02 0.002 0.43 0.34 0.31
s2 00001 00004 00001 00014 00046  0.0041

< 3.5 3.42 3.8 3.26 3.40 3.64

3 52 0.01 0.001 0.01 0.85 0.58 0.52
sZ 00002 000003 00002  0.003 0.01 0.01

X 3.74 355 4.05 3.75 3.03 4.15

4 52 0.004 0.004 0.01 0.46 0.30 0.30
sZ 00001 00001 00003  0.002 0.004 0.004

X 3.78 3.99 4.16 350 371 3.92

5 s? 0.003 0.005 0.004 0.49 0.33 0.34
s2 00001 00001 00001  0.002 0.004 0.005

(Crossl) Line 1 x Misr 1, ( Cross 2) Line 2 x Sakha 95, (Cross 3) Shandweel 1 x Misr 1, (Cross 4) Sakha 94
x Misr 1, (Cross5) Sakha 94 x Sakha 95.

The F, mean was lower than that of F; in all studied crosses, indicating the
occurrence of inbreeding depression in F, generation. However, both BC, and BC,
mean values tended toward the mean of recurrent parent for all the studied crosses

with some exception. These results are in agreement with those of Abd El-Aty et al
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(2005), Darwish (2011) and Sharshar (2015).
4.1.1.7. Grain yield per plant (g):

The F; mean values exceeded the highest parents for the first cross (43.91 g),
third cross (41.74 g) and fourth cross (35.39 g), indicating over dominance played
major role in the inheritance for this trait. For remaining crosses the F; mean
values were less than the mid parents, indicating the presence of dominance

towards the lowest parent.

Table (9): Mean(X), variance (S?) and mean variance (S%) of Py, P,, F1, F», BC, and
BC, populations of grain yield/plant(g).
Statistical

Crosses parameters P4 P, F; F, BC; BC,
X 22.02 36.93 43.91 37.34 28.22 41.17

1 s° 3.20 1.25 15.90 343.74 25726  367.62
sk 0.07 0.03 0.45 1.15 3.43 4.90

X 22.33 54.13 36.34 37.56 19.77 37.60

2 s° 0.98 3.57 19.11 457.14 36577  416.06
sk 0.02 0.08 0.55 1.52 4.88 5.55

X 40.98 35.33 41.74 39.12 38.68 33.56

3 s° 1.66 1.45 3.96 591.16  552.91  393.50
sk 0.04 0.03 0.11 1.97 7.37 5.25

X 28.33 35.00 35.39 41.18 38.71 43.15

4 s° 2.41 457 12.14 44720 29141  359.06
sk 0.05 0.10 0.35 1.49 3.89 4.79

X 27.33 54.53 40.63 43.41 36.19 40.43

5 s° 1.91 2.03 19.30 486.58 36320  402.82
Sk 0.04 0.05 0.55 1.62 4.84 5.37

(Crossl) Line 1 x Misr 1, ( Cross 2) Line 2 x Sakha 95, (Cross 3) Shandweel 1 x Misr 1, (Cross 4) Sakha 94
x Misr 1, (Cross5) Sakha 94 x Sakha 95.

Data in Table 9 showed that, the F, mean values were more than the mid-
parent for all the studied crosses except for the second cross (37.56 g), indicating
dominance towards the better parent.

Regarding, both BC; and BC, mean values varied according to the cross

itself, it was tended towards the mean of recurrent parent for this trait with some
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exceptions. These results are in close agreements with those of Tammam (2005)
and Abd EI-Aty et al (2005) .

4.1.2. Heterosis, Inbreeding depression and Potence ratio:

Heterosis percentage relative to mid and better parents, inbreeding depression
and potence ratio for all the studied characters in the five crosses are presented in
Tables 10-11.
4.1.2.1. Days to Heading (day):

Data in Table 10 showed highly significant negative heterosis (desirable)
relative to mid parents for the first cross (Line 1 x Misr 1) and the fourth cross
(Sakha 94 x Misr 1) for days to heading. On the other hand, all crosses except for
the third one (Shandweel 1x Misr 1) showed highly significant negative heterosis
(desirable) relative to better parents. These results are in harmony with those of
Salgotra et al (2002), Abd-El Aty et al (2005) and El-Hawary (2010). They
reported that significant negative heterosis effects over the mid parents and better
parents in many cases for days to heading also, they reported significant positive
heterosis over the mid and better parents in many cases.

Regarding to inbreeding depression percent for days to heading, data
presented in Table 10 showed significant positive or negative inbreeding
depression for all the studied crosses except for the fifth cross (Sakha 94 x Sakha
95). These results agreed with those obtained by Shehab El-deen (2008), Ragab
(2010) and Darwesh (2011).

Concerning days to heading, values of potence ratio were less than unity
either with positive or negative sign, indicating that partial dominance existed in
the heredity of this trait. Meanwhile, the values were more than unity for first
(Linel x Misrl ) and third (Shandweel 1 x Misr 1) with negative and positive sign
respectively, indicating the presence of over dominance controlling the inheritance
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of this trait. These results were in close agreement with those of Abd El-Aty and
katta (2002), Abd El-Aty et al (2005). While, Darwesh (2011) obtained over

dominance for this trait.

Table (10):Heterosis, potence ratio and inbreeding depression for days to
heading, days to maturity and plant height in the five studied

Crosses.
. Heterosis Heterosis . Inbreeding
Traits Crosses MP% BP% Potence ratio depression %

1 -1.76*%* -2.75*%* -1.72 -9.66**
_ 2 0.99** -1.64** 0.37 -0.79**

Days Zgar;e;admg 3 3.4%* 1.78% 2.14 2 58%*
4 -0.59** -3.38** -0.21 -3.74*%*

5 0.01 -0.93** 0.01 0.12
1 -1.17%* -1.51** -3.42 -1.86**
_ 2 -0.66** -1.92** -0.51 -2.52*%*

Days t(%;r;;/z;tunty 3 -0.69%* 11.34% -1.05 -0.04
4 0.53** 0.23** -1.81 -1.22*%*
5 1.59** 1.27*%* 4.93 -0.83**
1 6.17** -1.97** 0.74 1.86**

_ 2 -3.36** -3.6** -13.48 1.85
Plan(zrrrmglght 3 1.27%% 1.12% 0.52 -2.99*
4 -3.35*%* -3.87** -6.14 -2.59**

5 0.82 0.11 1.15 2.5*%*

(* )and (**) significant at 0.05 and 0.01 levels of probability , respectively. (Crossl) Line 1 x Misr 1, ( Cross
2) Line 2 x Sakha 95, (Cross 3) Shandweel 1 x Misr 1, (Cross 4) Sakha 94 x Misr 1, (Cross5) Sakha 94 x
Sakha 95

4.1.2.2. Days to maturity (day):

Data in Table 10, showed highly significant negative heterosis percent,
relative to mid-parent and better parent for the first cross (Line 1 x Misr 1), second
( Line 2 x Sakha 95) and the third cross (Shandweel 1 x Misr 1), while the other
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crosses exhibited highly significant positive heterosis percentage over mid-parent
and better parent. These results agreed with those of Hamada (2003), Abd EI-Aty
et al (2005), Hendawy and Seleem (2007) they obtained significant heterosis
values for Days to maturity.

With regard to the inbreeding depression percent, highly significant negative

values were detected for all studied crosses except for the third one.

The potence ratio, indicated that the over dominance towards earliness for
days to maturity in the first cross (Line 1 x Misr 1), third cross (Shandweel 1 x
Misr 1) and fourth cross (Sakha 94 x Misr 1), while over dominance towards
lateness detected for the fifth cross (Sakha 94 x Sakha 95). On the other hand, for
the second cross (Line 2 x Sakha 95) the value of potence ratio was less than unity
with negative sign, indicating that partial dominance existed in the heredity of this

trait in this cross.
4.1.2.3. Plant height (cm):

Heterotic effect values over mid-parent were highly significant and positive in
first (Line 1 x Misr 1) and third (Shandweel 1 x Misr 1) crosses. While, highly
significant and negative values were obtained from second (Line 2 x Sakha 95) and
fourth (Sakha 94 x Misr 1) crosses (Table 10). Over better parent, all crosses
showed highly significant and negative values except for the fifth on showed
insignificant and postive value. These results agreed with those obtained by
Shehab EI-Deen (2008), Aboshosha and Hammad (2009) and Sharshar (2015) they
found significant positive and negative heterotic effects for plant height.

With respect to inbreeding depression, highly significant positive or negative
values were detected for all the studied crosses except for the second cross (Line 2
x Sakha 95) which had positive and non-significant value. Abd El-Aty et al (2005).

57



RESULTS AND DISCUSSION

Potence ratio values were exceeding unity in third (Shandweel 1 x Misr 1),
fourth (Sakha 94 x Misr 1) and fifth (Sakha 94 x Sakha 95) crosses indicating over
dominance in these cases. While, potence ratio values were less than unity in the
remain crosses indicating partial dominance in this case. The same results were
obtained by Menon and Sharma (1995), Darwish and Ashoush (2003) and Aglan

(2003) who reported over and partial dominance in this cases.

4.1.2.4. Number of spikes per plant:

Highly significant positive heterosis percent, relative to mid-parent for the
second (Line 2 x Sakha 95) and third (Shandweel 1x Misr 1) crosses for number of
spike/plant (Table 11), while the fifth one (Sakha 94 x Sakha 95) exhibited highly
significant negative heterosis percentage over mid-parent. On the other hand,
highly significant and negatively heterotic effects over better parents were obtained
for all crosses except for the third one (Shandweel 1 x Misr 1). These results
agreed with those of Hamada (2003), Abd El-Aty et al (2005) and Hendawy and
Seleem (2007) they obtained significant heterotic values for number of spikes/
plant.

With respect to the inbreeding depression percent, highly significant positive
values were detected for the first (Line 1 x Misrl), second (Line 2 x Sakha 95)
and third (Shandweel 1 x Misr 1) crosses. Meanwhile, the fifth cross (Sakha 94 x
Sakha 95) had negative and high significant value for inbreeding depression (Table
11). Similar trend with those obtained by, Abd El-Aty and Katta (2002), Darwish
(2011) and Koumber and EI-Gammaal (2012), while El-Hawary (2010) obtained
positive and significant values of inbreeding depression for this character.
Significant effects for both heterosis and inbreeding depression were associated in
cross 2 (Line 2 x Sakha 95) and cross 3 (Shandweel 1 x Misr 1) . In this case, the

expression of heterosis in F; was followed by considerable reduction in F,
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performance and indicating the importance role of over dominance inheritance of

this trait in this cross.

Potence ratio values were exceeding unity in third cross (Shandweel 1 x Misr
1) and fifth cross (Sakha 94 x Sakha 95) indicating over dominance in this case.
While, potence ratio values were less than unity in the remaining crosses indicating
partial dominance in this cases. Over dominance were reported by Darwish and
Ashoush (2003).

4.1.2.5. Number of kernels per spike:

With regard to number of kernels/spike (Table 11), all crosses expressed
highly significant negative heterotic effects relative to mid-parent and the better
parent, except the first cross (Line 1 x Misr 1) and the second cross (Line 2 x
Sakha 95) for mid-parent which had highly significant postive heterotic effect.
These results agreed with those recorded by Zaazaa, et al. (2012), Koumber and
El-Gammaal (2012) and Sharshar (2015).

Inbreeding depression percent values were highly significant and positive in
all crosses except the first one (Line 1 x Misr 1) which had negative and high

significant value.

Potence ratio values were exceeding unity in all crosses except cross 1 (Line
1x Misr 1) and cross 2 (Line 2 x Sakha 95) indicating over dominance and partial

dominance, respectively.
4.1.2.6. 100-kernel weight (g):

Highly significant positive heterosis relative to mid-parent and the better
parent were detected for all the studied crosses, except for the third cross
(Shandweel 1 x Misr 1) which had highly significant negative heterotic effects
relative to the mid-parent and the better parent, and the second cross (Line 2 x
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Sakha 95) relative to better parent (Table 11 ). These results agreed with those
obtained by Abd El-Aty et al (2005), Koumber and El-Gammaal (2012) and

Hamam (2013) obtained significant and positive heterosis respecting for this

character.

Table (11):Heterosis, potence ratio and inbreeding depression for number of
spikes/plant, number of kernels /spike, 100-kernel weight and grain
yield/plant in the five studied crosses.

. Heterosis Heterosis . Inbreeding
Traits Crosses MP% BP% Potence ratio depression %
1 0.15 -12.03** 0.01 5.3**
2 1.41%* -14.05** 0.08 13.11**
Number of 3 5.93% 0.05 1.01 5.45%*
spikes/plant
4 0.13 -1.42%* 0.08 -0.2
5 -14.38** -22.19** -1.43 -16.35%*
1 5.74%** -8.17** 0.38 -12.07**
2 20.15** -1.63** 0.91 4.98**
keer;rer:?(/asrp?Le 3 -6.31%* -9.97%* 1155 4.24%
4 -11.9%* -13.43** -6.72 4 52%*
5 -8.51%** -9.55%* 7.4 12.56**
1 25.89** 11.48** 2 8.05**
2 8.15** -11.43%* 0.37 4.86**
10\2/:?;;?' 3 [1.48% -3.89%* -0.59 -0.07
4 11.1*%* 8.2%* 4.14 7.49%*
5 7.22%* 4.46%* 2.73 15.95**
1 48.97** 18.9** -1.94 14.96**
_ 2 -4.56%* -32.86** -0.11 -3.34*
_ Grain 3 9.4%* 1.87%* 1.27 6.28%*
yield/plant (g)
4 10.86** -0.35 0.97 -16.36**
5 -0.74 -25.5%* -0.02 -6.84%**

(* )and (**) significant at 0.05 and 0.01 levels of probability , respectively. (Crossl) Line 1 x Misr 1, ( Cross
2) Line 2 x Sakha 95, (Cross 3) Shandweel 1 x Misr 1, (Cross 4) Sakha 94 x Misr 1, (Cross5) Sakha 94 x

Sakha 95

60




RESULTS AND DISCUSSION

Inbreeding depression percent values were highly significant and positive in
all crosses except the third cross (Shandweel 1 x Misr 1) was insignificant with

negative sign.

Potence ratio values were less than unity in the second cross (Line 2 x Sakha
95) and third cross (Shandweel 1 x Misr 1) indicating partial dominance in these
crosses. While, potence ratio values were more than unity for the others indicating

over dominance for these cases.

4.1.2.7. Grain yield per plant (gm):

Highly significant positive heterosis relative to mid-parent and the better
parent were detected for the first cross (Line 1 x Misr 1) and the third cross
(Shandweel 1 x Misr 1) also, for the fourth cross (Sakha 94 x Misr 1) which had
highly significant positive heterotic effects relative to the mid-parent. Meanwhile,
heterosis relative to mid-parent and the better parent were negative and high
significant or insignificant for the other crosses. These results agreement with
those obtained by Abd EI-Aty and Katta (2002), Abd El-Aty et al (2005), Abd-El-
Nour and Mosherf (2006), Shehab El-Deen (2008), Khattab (2009), Darwesh
(2011), Hamam (2013) and Sharshar (2015) they obtained positive and/or negative

significant heterosis respecting this trait.

Regarding to inbreeding depression percent for Grain yield per plant, data
presented in Table 11 showed significant or/and high significant positive or

negative inbreeding depression for all the studied crosses.

Potence ratio values were less than unity in all crosses except for the first
(Line 1x Misr 1) and third (Shandweel 1x Misr 1) crosses, indicating partial and

over dominance, respectively.
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4.1.3. Estimation of type of gene Action:
4.1.3.1- Scalling Test:

The scale tests of the studied traits for all the studied crosses are presented in
Table 12. Generation mean analysis belong to quantitative biometrical methods
based on measurements of phenotypic performance of certain quantitative traits
on-as many as-possible plant individuals in basic experimental breeding
generations (parental, filial, back crosses and first segregating generation). As it
was outlined by Kearsey and Pooni (1996), generation mean analysis is a useful
technique in plant breeding for estimating gene effects (additive and dominance)
and their digenic: additive x additive, additive x dominance, dominance x
dominance interactions responsible for inheritance of quantitative traits. It helps us
in understanding the performance of the parents used in crosses and potential of
crosses to be used either for heterosis exploitation or pedigree selection Sharma
and Sain (2003).

To test the presence or absence of non-allelic interactions, scaling test was
used. The significance of A and B scales indicate the presence of all types of non-
allelic interactions. The significance of C scale suggests (aa) and (dd) types of
epistasis Singh and Narayanan (1993). However, the significance of at least one of
the scales indicates the presence of non-allelic interaction which could be
estimated by six parameters model as Gamble procedure, while the insignificant of
all scales, indicates the absence of non-allelic interaction and hence, a simple
additive-dominance model would be adequate for estimating the genetical

components of variance.
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Table (12): Scaling test parameters A , B and C for days to heading, days to

maturity, plant height, number of spikes/plant, number. of
kernels/spike, 100-kernel weight(g) and grain yield / plant(g) in the
five studied crosses.

. Scaling test
Traits Crosses A B C
1 15.95%* 17.74%* 31.85**
2 6.47%* -2.57** 5.29%*
Days to heading (day) 3 2.11 6.04** -3.86**
4 4.64** 4.93** 13.93**
5 2.9%* 1.23 -0.48
1 3.02%* 1.69%* 7.48**
2 8.24%* 6.03** 12.93**
Days to maturity (day) 3 0.2 4.15%* -1.83**
4 3.25%* 7.05%* 8.85**
5 3.32%* 3.59%* 9.68**
1 0.87 -0.15 4.59**
2 -5.86* 5.78* -16.08**
Plant height (cm) 3 5.06 -2.74 16.39**
4 3.05 -0.24 3.94
5 -2.71 -3.11 -10.22%*
1 -8.49%* -3.02 -5.74*
2 -13.46%* -8.03%* -13.54**
Number of spikes/plant 3 -4.07* -8.13%* -2.63
4 -6.35%* -3.14 0.28
5 -7.21%* -11.69** 8.31**
1 -4.7 -1.16 34.08**
Number of kernels 2 13.49% 446 9.18*
Ispike 3 -2.06 -1.35 -20.3%*
P 4 12.4%% 155 -26.92%*
5 -23.45%* -28.51** -45,03**
1 -0.07 -0.04 0.35%
2 -1.33%* 0.07 -0.16
100-kernel weight 3 0.27 0.58** -0.09
4 0.05 0.7%* -0.4*
5 -0.53** -0.31* W e
1 -9.49% 1.48 2.59
2 -18.82** -15.27** 1.39
Grain yield/plant (g) 3 -5.37 -9.96* -3.32
4 13.7%* 15.4** 30.1%*
5 4.41 -14.3%* 10.51*

(* )and (**) significant at 0.05 and 0.01 levels of probability , respectively. (Crossl) Line 1 x Misr 1, ( Cross
2) Line 2 x Sakha 95, (Cross 3) Shandweel 1 x Misr 1, (Cross 4) Sakha 94 x Misr 1, (Cross5) Sakha 94 x

Sakha 95
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The results revealed the presence of non-allelic interaction for all the studied
characters in all the studied crosses, except in the fourth one (Sakha 94 x Misr 1)
for plant height. It is worth to mention that, at least one of the A, B and C scales
was significant for the previous characters, indicating the adequacy of the six
parameter model to explain the type of gene action controlling the traits in these
crosses. However, for the excepted cases, the simple additive-dominance model
would be adequate. These results agreement with Abd El-Aty et al (2005),
Aboshosha and Hammad (2009) and Hassan et al (2013).

4.1.3.2.Type of gene action:

The effective breeding program is dependent upon the relative amount and
type of genetical variability available in the breeder’s materials. If the estimates of
the genetical variance and its components, indicated that additive genetic variance
IS major importance in the population, selection will be the most effective
procedure. If the non-additive genetic variability is the major component of genetic
variance, inbred-hybrid program may be the appropriate choice (Cockerhan, 1961).
Therefore, studies of types of gene action in the materials used in this investigation

were taking into consideration.

Genetical analysis of generation means to give estimates of the six parameters
model i.e. (m), (a), (d), (aa), (ad) and (dd) which were calculated according to
relationships illustrated by Gamble (1962). Type of gene action for all the studied

traits in five studied crosses are shown in Table 13.

The estimated mean effects (m), which reflect the contribution due to overall
mean plus the locus effects and interaction of the fixed loci was found to be highly
significant for all the studied characters in all crosses, indicted that these characters
were quantitatively inherited. These results are in harmony with those of Hendawy
(1998), Afiah (1999), El-Hosary et al. (2000), Shehab EIl-Deen (2008) and
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Sharshar (2015).

From the obtained results (Table 13), the estimates of additive (a) effects
which significant or highly significant with positive signs were obtained for; days
to heading in the second (Line 2 x Sakha 95), fourth (Sakha 94 x Misr 1) and fifth
(Sakha 94 x Sakha 95) crosses, days to maturity in the first cross (Line 1 x Misr 1)
and the second cross (Line 2 x Sakha 95), plant height in the third cross
(Shandweel 1 x Misr 1), 100- kernel weight in the fourth cross (Sakha 94 x Misr
1). Meanwhile, it was negatively significant or highly significant for; days to
heading in the first cross (Line 1 x Misr 1), days to maturity in the third
(Shandweel 1 x Misr 1) and fourth (Sakha 94 x Misr 1) crosses, plant height in the
first (Line 1 x Misr 1) and second (Line 2 x Sakha 95), number of spikes/plant in
the second cross (Line 2 x Sakha 95), number of kernels/spike in the first cross
(line 1x Misr 1), grain yield/plant in first (Line 1x Misr 1) and second (Line 2 x
Sakha 95) crosses as well as for all crosses in 100-kernel weight. These results
indicate the importance of additive gene effects in the inheritance and play the

major role in controlling the genetical variation of these characters.

The estimates of (d) effects were positively significant or highly significant
for; days to heading in third (Shandweel 1 x Misr 1) and fifth (Sakha 94 x Sakha
95) crosses, days to maturity in third (Shandweel 1 x Misr 1) and fourth (Sakha 94
x Misr 1) crosses, plant height in the second one (Line 2 x Sakha 95), number of
kernels/spike in third (Shandweel 1 x Misr 1) and fourth (Sakha 94 x Misr 1)
crosses as well as for 100-kernel weight in the third (Shandweel 1 x Misr 1), fourth
(Sakha 94 x Misr 1) and fifth (Sakha 94 x Sakha 95) crosses. On the other hand, it
was negatively significant or highly significant for; days to heading and days to
maturity in the first cross (Line 1 x Misr 1), number of spikes/plant in all crosses

except for the first one (Line 1 x Misr 1), number of kernels/spike in first (Line 1 x
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Table (13): Type of gene action for days to heading, days to maturity, plant
height, number of spikes/plant, number. of kernels/spike, 100-
kernel weight(g) and grain yield / plant(g) in the five studied

Crosses.
Traits Crosses Type of gene action
(m) (a) (d) (aa) (ad) (dd)
1 99.6%%  -1.84%* 0.23 1.85 09  -3555%
Days to 2 103.99%%  7.05%* -0.37 -1.39 4,505 252
heading (day) 3 100.26%*  -0.39  1538%%  12%* 1.96%  -20.14%*
€ading (Cay 4 104.87%%  2.79%%  -4.96%%  -436**  -0.15 5.21*
5 103.09%%  1.83*%  463%*  4.61%* 0.84 8.74%*
1 150.37%%  117%%  -452%%  277%%  (.66* -1.93
5 2 151.75%%  3.03%* 0.35 1.33 L1%%  15p%
ays to 3 148.95%%  -099%*  515%*  G19%%  _108%*  -10.54%*
maturity (day) 4 150.00%%  -233%%  2.0%* 1.44 L9 L11.73%
5 151.19%%  0.35 042 2777 013 -4.14%
1 107.53%*  -8.07** 25 3.87 0.51 3.14
. 2 110.1%% 553  12.1% 16% 5.82%%  .15.90%
Plant height 3 116.82%* 6.6 1265  -14.07 3.9 11.75
(cm) b
5 119.03%*  -0.67 5.4 4.4 0.2 1.42
1 26.03%* 1.07 573 577 273 17.20%
2 2368%* 755  758%  .7.96* 271 29.46%
Number of 3 23 5 0.65 817**  -9.56%* 2.03 21.75%*
spikes/plant 4 26.01%* 203 -9.74% 977 16 19.27%*
5 30.42%% 083  -31.6%* 2721 224 46.11%*
1 6458%*  -10.03**  -36.8%*  -39.93%* 177  4579%*
Number of 2 63.94%* 343 11.14 -0.15 8.97% -8.88
. 3 63.86%* 253 124  1689%*  -0.36 -13.49
kernels /spike 4 57.02%%  4.23* 32.8%%  40.87**  5A3F*  _54.gY%
5 57.21%* 171 13.02%  -6.93 253 58.89%*
1 3.63%%  -0.42% 0.34 -0.47 20,01 0.58
2 346%%  -LA4F* L083%% 1% Q7 236%
1OO-l§eLneI 3 3.20%%  .024%  089%  0.94% 016 -1.79%*
weight 4 375%%  .023%  157*  116%%  -0.32%%  -1.92%*
5 3.5%% 021%  L1B5Rx 127%* 011 -0.44
1 3734%%  12.94%% 384 -10.6 549 18.61
. 2 3756%%  -17.83%%  -37.02%%  3548%* 177  6O.57**
~ Grain 3 39.12%* 5.12 -8.42 -12.01 23 27.34
yield/plant (g) 4 41.18** -4.44 2.48 -0.99 -0.85 -28.12*
5 4341%% 425 207%  -2039%  935%% 3027+

(* )and (**) significant at 0.05 and 0.01 levels of probability , respectively. (Crossl) Line 1 x Misr 1, ( Cross
2) Line 2 x Sakha 95, (Cross 3) Shandweel 1 x Misr 1, (Cross 4) Sakha 94 x Misr 1, (Cross5) Sakha 94 x

Sakha 95
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Misr 1) and fifth (Sakha 94 x Sakha 95) crosses, 100-kernel weight in the second
one (Line 2 x Sakha 95), grain yield/plant in second (Line 2 x Sakha 95) and fifth
(Sakha 94 x Sakha 95) crosses.

In some cases ,where the absence of significant (d) component imply no
dominance genetic differences between the two parents and the dominant effects

seems to be not important in the genetical control of these cases.

However, in quantitative inherited traits, gene action described as additive,
dominance and epistatic effects. Additive effect is defined as the average effect of
genes; dominance as the interaction of allelic genes and epistasis as interaction of
non-allelic genes that influence particular trait.

Snape (1987), pointed out that a very common situation, when analyzing yield
and yield components, is to find that the additive effect is slight and non-
significant, while the dominance estimate is large and highly significant. Estimates
of slight additive effects are possible due to high degree of dispersion of increasing
alleles between parents. Similarity, dominance could be small due to its
ambidirectional nature. This might explain why additive genetic component of
variance varied to a great extent. On the other hand, negative and non-significant
estimates of dominance variance could be due to micro-environmental variation,
sampling errors and/or the fact that basic generations are inefficient for
determining dominance variance.

For non-allelic interactions i.e., additive x additive (aa), additive x dominance
(ad) and dominance x dominance (dd), the data showen in Table 13, indicated that
positively significant or highly significant additive x additive effects (aa) were
detected for; days to heading in the third (Shandweel 1 x Misr 1) and fifth (Sakha
94 x Sakha 95) crosses, days to maturity in the third one (Shandweel 1 x Misr 1),

plant height in the second one (Line 2 x Sakha 95), number of kernels/spike in the
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third (Shandweel 1 x Misr 1) and the fourth (Sakha 94 x Misr 1) crosses, 100-
kernel weight in the third (Shandweel 1 x Misr 1), the fourth (Sakha 94 x Misr 1)
and the fifth (Sakha 94 x Sakha 95) crosses. Meanwhile, negatively significant or
highly significant additive x additive type of gene action was found for; days to
heading in the fourth cross (Sakha 94 x Misr 1), days to maturity in first (Line 1x
Misr 1) and fifth (Sakha 94 x Sakha 95) crosses, number of spikes / plant in all
studied crosses except for the first one (Line 1x Misr 1), number of kernels / spike
in the first cross (Line 1x Misr 1), 100-kernel weight in the second cross (Line 2 x
Sakha 95), grain yield / plant in second (Line 2 x Sakha 95) and fifth (Sakha 94 x
Sakha 95) crosses. For the excepted traits in certain crosses, where (aa) epistatice
gene action was more important and higher in magnitude those of (dd) ones, the
isolation of superior recombinations from segregating generations in these crosses

would be enhanced.

In addition, positively significant or highly significant additive x dominance
effected (ad) were found for; days to maturity in the second cross (Line 2 x Sakha
95), days to maturity in first (Line 1x Misr 1) and second (Line 2 x Sakha 95)
crosses, number of kernels / spike in the second (Line 2 x Sakha 95) and fourth
(Sakha 94 x Misr 1) crosses as well as for grain yield / plant in the fifth one (Sakha
94 x Sakha 95). On the other hand, negatively Significant or highly significant
additive x dominance types of epistasis were found for; days to heading in the third
cross (Shandweel 1 x Misr 1), days to maturity in third (Shandweel 1 x Misr 1) and
fourth (Sakha 94 x Misr 1) crosses, plant height in the second cross (Line 2 x
Sakha 95), 100-kernel weight in second (Line 2 x Sakha 95) and fourth (Sakha 94
x Misr 1) crosses as well as grain yield / plant in the fifth one (Sakha 94 x Sakha
95). Ramalingam and Sivasamy (2002) demonstrated that the preponderance of

(aa) epistatic effect when higher in magnitude for any trait, this might suggesting
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delayed selection and inter-mating the segregates, followed by pedigree selection
for improvement of these traits in these crosses. While, the negative sign of (ad)
interaction for some traits in some crosses may be suggested dispersion of genes in

the parents.

The dominance x dominance types of effects (dd) were positively significant
or highly significantly for; number of kernels/spike in the first (Line 1 x Misr 1)
and fifth (Sakha 94 x Sakha 95) crosses, 100-kernel weight in the second cross
(Line 2 x Sakha 95) as well as for grain yield/plant in second (Line 2 x Sakha 95)
and fifth (Sakha 94 x Sakha 95) crosses. Moreover, it was highly significantly and
positive for number of spikes/plant. Meanwhile, negatively significant or highly
significant dominance x dominance types of epistasis were found for; days to
heading in all studied crosses except for the second one (Line 2 x Sakha 95), days
to maturity in all studied crosses except for the first one (Line 1 x Misr 1), plant
height in the second one (Line 2 x Sakha 95), number of kernels / spike as well as
grain yield/plant in the fourth cross (Sakha 94 x Misr 1), 100-kernel weight in third
(Shandweel 1 x Misr 1) and fourth (Sakha 94 x Misr 1) crosses. In some cases,
(dd) epistatic effect was more important and higher in magnitude than (aa) epistatic
effects in the inheritance of these traits in these crosses. This might indicate that
the selection would be fruitful if delayed till dominance and their epstatic effects
reduce to the minimum and resulted the slow down of the selection. Similar rustles
which recorded the presence of the additive, dominance and the epistasis (additive
x additive, additive x dominance and dominance x dominance) were reported by
Aglan (2003) and Sharshar (2015).

However, when epistatic effects were significant for a trait, the possibility of
obtaining desirable segregates through inter-mating in early segregations by

breaking undesirable linkage could be available or it is suggested to adopt
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recurrent selection for handling the above crosses for rapid improvement. These
results are in agreement with those of Monir et al.(2007), Khattab et al.,(2010) and
Aykuttonk et al.,(2011).

4.1.4. Heritability estimates and predicted genetic advance from selection:

The most important function of the heritability in genetical study of
guantitative characters is as its play a predictive role. It express the reliability of
the phenotypic value as a guide to the breeding value. The possible advance
through selection based on phenotypic value can, therefore, be predicted only from
knowledge of the degree of correspondence between phenotypic value and
breeding value. The degree of correspondence is measured by heritability
estimates. Heritability estimates in both broad and narrow senses and expected
genetic advance from selection for agronomic traits are represented in Tables 14-
15.

4.1.4.1.Days to heading:

High estimates of heritability in broad sense were detected in all crosses
(Table 14). It ranged from 97.45 % for the third cross (Shandweel 1 x Misr 1) to
99.54% for the fifth cross (Sakha 94 x Sakha 95). This results indicating that
genotypic variances played the major part of phenotypic variances. Similar results
were obtained by Senapati et al., (1994), Salama (2002) and Said (2003) who

found high values of broad sense heritability ranged from 80 to 92%.

Narrow sense heritability values were moderate for all crosses, indicating that
additive genetic variances played the major part of genotypic variances and
goodness of selection for this trait in early generation. The same results were
obtained by Al-Kadoussi (1996) who found moderate values of narrow sense
heritabilty 50%. On the other hand, Shehab EI- Din (1997) obtained intermediate
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to low narrow sense heritability valves.

The estimates of the genetic advance from selection as percent of F, mean
(Ag%) ranged from 3.10% for the fourth cross (Sakha 94 x Misr 1) to 4.49% for
the first cross (Line 1 x Misr 1).

Table (14): Estimates of variance, heritability percentage in broad (H?) and narrow (h?
senses and expected (Ag) genetic advance from selection in five bread wheat

Crosses.
. Heritability Genetic advance
Traits Crosses  V(1/2D) V(1/4H) VE H% h2% Ag Ag %
1 98.87** 8.26** 0.2 98.87 51.78 4.47 4.49
2 99.14** 9.87** 0.16 99.14 46.43 4.14 3.98
Days to o .
heading (day) 3 97.45 16.65 0.68 97.45 35.16 3.74 3.73
4 99.07** 9.38** 0.15 99.07 39.73 3.25 3.1
5 99.54** 13.29** 0.1 99.54 36.97 351 3.38
1 96.74** 2.26* 0.17 96.74 54.66 2.61 1.73
Days to 2 98.9** 3.65** 0.08 98.9 49.14 2.74 181
maturity 3 98.18** 1.44 0.09 98.18 68.66 3.12 2.1
(day) 4 97.66** 1.7 0.12 97.66 64.94 3.05 2.02
5 97.28** 3.69** 0.19 97.28 43.58 2.35 1.56
1 92.84** 11.32** 2.92 92.84 65.04 8.55 7.95
Pl heiah 2 93.63** 92.63** 9.87 93.63 33.88 8.69 7.89
ant €19 t 3 98.82**  243.77** 4.59 98.82 36.25 14.74 12.62
(cm) 4 92.41%* 1576 471 9241 6702 1088 9.28
5 97.63** 81.47** 4.65 97.63 56.07 16.17 13.59

(* )and (**) significant at 0.05 and 0.01 levels of probability , respectively. (Crossl) Line 1 x Misr 1, ( Cross 2) Line 2 x
Sakha 95, (Cross 3) Shandweel 1 x Misr 1, (Cross 4) Sakha 94 x Misr 1, (Cross5) Sakha 94 x Sakha 95

4.1.4.2.Days to maturity:

Data presented in Table 14 showed that, high values of broad sense
heritability were detected and ranged from 96.74% for the first cross (Line 1 x
Misr 1) to 98.90% for the second cross (Line 2 x Sakha 95). Similar results were
obtained by Hamada (2003) and Said (2003) reported high broad sense heritability

with values ranged from 89% to 90%.

With respect to heritability in narrow sense, the values were moderate to high
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with values ranged from 43.58% for the fifth cross (Sakha 94 x Sakha 95) to
68.66% for the third cross (Shandweel 1 x Misr 1).

The estimates of genetic advance from selection as percent of F, mean (Ag%)
ranged from 1.56% for the fifth cross (Sakha 94 x Sakha 95) to 2.10% for the third

cross (Shandweel 1 x Misr 1).

4.1.4.3.Plant height:

High values of broad sense heritability were detected in all crosses with
values ranged from 92.41% for the fourth cross (Sakha 94 x Misr 1) to 98.82% for
the third cross (Shandweel 1 x Misr 1) Table 14. Similar results were obtained by
Liu and Ma (1994) and Ozkan et al.,(1997) who reported high broad sense
heritability with values ranged from 76% to 90% for this trait. Also, many
investigators such as Shehab EI-Din (1997), Salama (2002) and Said (2003)
obtained high broad sense heritability for this trait.

Narrow sense heritability values were moderate to high with values varied
from 33.88 % for the second cross (Line 2 x Sakha 95) to 67.02 % for the fourth
cross (Sakha 94 x Misr 1). Similar resultes were obtained by Al-Kadoussi (1996),
Awaad (2002) and Shehab EI Din (1997) who reported that narrow sense
heritability was more than 50%. On the other hand, high values of narrow sense

heritability were reported by said (2003).

The estimates of genetic advance from selection as percent of F, (Ag%)
ranged from 7.89 for the second cross (Line 2 x Sakha 95) to 13.59% for the fifth
cross (Sakha 94 x Sakha 95).

4.1.4.4 Number of spike per plant:

Concerning broad sense heritability Table 15, values were high with values
ranged from 94.65% for the third cross (Shandweel 1 x Misr 1) to 98.49% for the
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fourth cross (Sakha 94 x Misr 1). Similar results were obtained by Hamada (2003)
reported high broad sense heritability estimate with values ranged from 72% to
88%.

Narrow sense heritability estimates varied from moderate to high with values
ranged 32.40% for the second cross (Line 2 x Sakha 95) to 73.49% for the fourth
cross (Sakha 94 x Misr 1). The same results were obtained by Salem et al., (2000),
Hamada (2003) and Said (2003) who reported low narrow sense heritability with
values ranged from 15% to 69%. On the other hand , high values of narrow sense
heritability were reported by Al-Kadossi (1990).

Table (15): Estimates of variance, heritability percentage in broad (H?) and narrow (h?
senses and expected (Ag) genetic advance from selection in five bread wheat

Crosses.
. Heritability Genetic advance
Traits Crosses  V(1/2D) V(1/4H) VE H% 2% Ag Ag %
1 95.03%%  50.6% 4.25 95.93 47.44 9.08 38.36
2 97.57*%%  28.93%*  2.92 97.57 73.49 16.59 70.05
Number of 3 94.65%%  3458% 349 94.65 41.69 6.94 29.53
spikes/plant 4 98.49%*  70.57%* 1.62 98.49 32.40 6.90 25.63
5 97.49%%  49.86** 251 97.49 47.66 9.82 32.29
1 99.84%*  166.31**  0.76 99.84 63.75 28.19 43.65
2 99.82%%  156.97** 067 99.82 56.6 22.22 34.76
Number of 3 99.71%*  106.34%* 0.8 99.71 65.23 23.6 36.96
kernels /spike 4 99.63%*  48.08%* 0.9 99.63 79.77 2557 44.85
5 97.33%%  144.97** 886 97.33 53.71 20.17 35.26
1 98.95%% 022 0.01 98.95 58.11 0.89 24.44
100-kernel 2 98.5% 0.21 0.01 98.5 48.72 0.66 19.03
. 3 99.32%% 024 0.01 99.32 70.94 1.35 41.05
weight 4 98.47** 014 0.01 98.47 68.66 0.96 2553
5 99.18%* 017 0 99.18 63.6 0.92 26.23
1 97.36%%  272.08**  9.06 97.36 18.21 6.96 18.62
. 2 97.66%%  314%* 10.69 97.66 28.97 12.76 33.98
~ Grain 3 99.53%%  35249%* 276 99.53 39.91 19.99 51.09
yield/plant (g) 4 98.25%*  10545%*  7.82 98.25 54.55 23.76 57.70
5 97.81%*  268.81%*  10.63 97.81 4257 19.34 4456

(* )and (**) significant at 0.05 and 0.01 levels of probability , respectively. (Crossl) Line 1 x Misr 1, ( Cross 2) Line 2 x
Sakha 95, (Cross 3) Shandweel 1 x Misr 1, (Cross 4) Sakha 94 x Misr 1, (Cross5) Sakha 94 x Sakha 95
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The expected genetic advance from selection as percent of F2 mean (Ag%)
ranged from 25.63% for the fourth cross (Sakha 94 x Misr 1) to 70.05% for the
second cross (Line 2 x Sakha 95). Ghimiray and Sarker (2000) recorded high

values of expected genetic advance from selection for this trait.
4.1.4.5.Number of kernels per spike:

With respect to broad sense heritability Table 15, values were high with
values varied from 97.33 % for the fifth cross (Sakha 94 x Sakha 95) to 99.84 %
for the first cross (Line 1 x Misr 1) indicating genetic variance played the major
portion from phenotypic variance. The same results were obtained by Hamada
(2003) and Said (2003) who reported high broad sense heritability for this trait. On
the other hand, Liu and Ma (1994) recorded low broad sense heritability with value
70% for this trait.

Narrow sense heritability values were moderate to high with values ranged
from 53.71% for the fifth cross (Sakha 94 x Sakha 95) to 79.77% for the fourth
cross (Sakha 94 x Misr 1) indicating the main portion of genetic variance due to
additive variance. The same findings were obtained by many authers i.e., Al-
Kadoussi (1996) reported that, narrow sense heritabilty values were more than
50%, Salama (2002) obtained moderate narrow sense heritability with values
ranged from 24% to 40%. On the other hand Said (2003) reported that narrow
sense heritability was high for this trait.

The expected genetic advance from selection as percent of F, mean (Ag%)
ranged from 34.76% for the second cross (Line 2 x Sakha 95) to 44.85% for the
fourth cross (Sakha 94 x Misr 1).

4.1.4.6.100-Kernel weight:

Regarding the broad sense heritability Table 15, values were high with values
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ranged from 98.47% for the fourth cross (Sakha 94 x Misr 1) to 99.32% for the
third cross (Shandweel 1 x Misr 1). Similar findings were obtained by Hamada
(2003) and Said (2003) who reported high broad sense heritability with vales
ranged from 69% to 92%.

Narrow sense heritability values were high to moderate with values varied
from 48.72% for the second cross (Line 2 x Sakha 95) to 70.94% for the third
cross (Shandweel 1 x Misr 1). The same results were obtained by Said (2003) who

reported high narrow sense heritability for this trait.

The expected genetic advance from selection as a percent of F, mean (Ag%)
values were high in all cross with values ranged from 19.03% for the second cross
(Line 2 x Sakha 95) to 41.05% for the third cross (Shandweel 1 x Misr 1).

4.1.4.7.Grain yield per plant:

The data presented in Table 15 indicated that, heritability in broad sense
values were high in all crosses with values ranged from 97.36% for the first cross
(Line 1 x Misr 1) to 99.53% for the third cross (Shandweel 1 x Misr 1). The same
results were obtained by Ozkan et al., (1997), Hamada (2003) and Said (2003) who
reported high broad sense heritability.

Narrow sense heritability values were low to moderate with values ranged
from 18.21% for the first cross (Line 1 x Misr 1) to 54.55% for the fourth cross
(Sakha 94 x Misr 1). Similar results were obtained by Awaad (2002), Hamada
(2003) and said (2003) who reported moderate narrow sense heritability (46% -
53%) to low ( 8%- 32%) for this trait.

The expected genetic advance from selection as percent of F, mean (Ag%)
ranged from 18.62% for the first cross (Line 1 x Misr 1) to 57.70 for the fourth
cross (Sakha 94 x Misr 1). Said (2003) obtained high values of (Ag%) for this trait.
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The highest values of predicted genetic advance were coupled with high and
moderate narrow-sense heritability values in the same crosses and for the same
traits referred before under study. This may concede with a conclusion of Johnson
et al., (1955) who reported that heritability estimates along with genetic advance
upon selection were more valuable in predicting selection in early generation and
obtain high yielding genotypes. Therefore, selection in these particular populations

should be effective and satisfactory for successful breeding purposes.

As it is well known, expected improvement via selection is directly
proportional to heritability. This figure is a measure of low total variability in these
traits and therefore, the low of total response that could be realized by breeding
techniques.

Low expected (Ag) and predicted (Ag %) genetic advance estimates were
found to be associated with low narrow-sense heritability values in the same
crosses and the same traits mentioned before as shown in Tables 14-15. However,
this is an expected and logic results, where the expected genetic advance equation
depended mainly of value of narrow-sense heritability estimate. However, these
traits in these crosses may be more control in their inheritance by non-additive
gene effects which confirmed the previous results in this study related to the gene
action. So, these traits could be improved by acting the selection in the late
segregating generations of wheat breeding under study. However, these
information are of importance for wheat breeders to improve earliness and yield
potential, release new wheat genotypes and enhancement of Egyptian wheat
germplasm. This may coincide with a conclusion of El-Refaey et al. (2015) who
indicated that heritability in narrow-sense and genetic advance were low in most
cases due to the opposite directions of dominance and dominance x dominance

effects resulted in lower overall dominance variance.
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Based on the obtained results, for obtaining new promising line, the fourth
cross (Sakha 94 x Misr 1) is highly recommended to be used in Egyptian wheat

breeding programs for grain yield.

4.2. Inheritance of stripe and stem rust diseases:
4.2.1.The frequency distribution of different infection types and the
phenotypic classes for stripe and stem rust diseases.

4.2.1.1. Stripe rust disease:

The infection type frequency distribution and the phenotypic classes of
parents, F;, F», BC,; and BC, populations of the five studied crosses are presented
in Table 15. These crosses included these categories: Susceptible (S) x Susceptible
(S), Susceptible (S) x Resistant (R), Resistant (R) x Susceptible (S) and Resistant
(R) x Resistant (R).

Cross 1: Line 1 (S) x Misr 1 (S)

Data presented in Table 16 indicated that the parent Line lexpressed high
susceptibility to stripe rust, where all tested plants (45 plants) showed (S) infection
types. On the other hand, Misr 1 expressed moderate susceptibility to stripe rust,
where all tested plants (45 plants) showed (MS) infection types. Also, the F; tested
plants (45 plants) were highly susceptible with infection type (S). Accordingly,

these data suggested the complete dominance for susceptibility.

Regarding the F,, the infection types ranged from (0) to (S) in 300 tested
plants. However, numbers of F, resistant : susceptible plants were 85 : 215. These
numbers fitted the theoretical expected ratio of 1 : 3 with P. value = 0.182,
indicating that two interacting gene pairs are controlling the wheat stripe rust
resistance in this cross. In addition, the infection types of BC; plants ranged from
(MS) to (S) and BC, plants ranged from (R) to (S). However, for BC,, the observed
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ratio of resistant : susceptible plants was 0 : 75. This ratio fitted the theoretical
ratio of 1 : 15 and supported the results obtained from the F, data. Whereas, the
observed resistant : susceptible ratio of the BC, was 45 : 30 which fitted the
expected ratio 9 : 7 and suggesting the operation of two interacting gene pairs and

supported the expected ratio indicated from the F,.
Cross 2: Line 2 (S) x Sakha 95 (R)

At the level of parents Table 16, Line 2 expressed high susceptibility to stripe
rust, where all the tested plants (45 plants) recorded infection types (S). On the
other hand, the parent Sakha 95 expressed high resistant to stripe rust, where all the
tested plants (45 plants) recorded infection types (R) Also, the F; tested plants(45
plants) were high susceptibility with infection type (S), indicating the complete

dominance for highly susceptibility over high resistance.

The F, infection types ranged from (0) to (S) for the tested plants. However,
the observed numbers of F, resistant : susceptible plants were 54 : 246. These
numbers fitted the theoretical expected ratio of 3 : 13 with P. value = 0.740,
indicating that two interacting gene pairs are controlling the wheat stripe rust
resistance in this cross. Moreover, the infection types of BC, plants ranged from
(MS) to (S). The observed ratio of resistant : susceptible plants was 0 : 75. This
ratio fitted the theoretical ratio of 1 : 15 and confirm the results obtained from the
F, data. Whereas, the BC, infection types ranged from (0) to (S). the observed
resistant : susceptible ratio of the BC, was 52 : 23 fitting the expected ratio 3 : 1

and indicating the functioning of two double dominant gene pairs.
Cross 3: Shandweel 1 (R) x Misr 1(S)

The results presented in Table 16 clearly showed that the parent Shandweel 1

expressed moderate resistance to stripe, where all the tested plants (45 plants)
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Table (16): Infection type frequency distribution and phenotypic classes of parents, F;, F,, BC; and BC, populations
of five bread wheat crosses of stripe rust disease in 2016/17 season.

Infection type Phenotvoes
Crosses Cross name % Resistant (R) Susceptible (S) yP Exrp;i?;ed X2 v:flﬁe
0 R MR MS S Res Sus

Hla x P, 45 45 - 45 - - -

Susceptble P, | 45 4 : 45 : - [ -

1 F 45 45 - 45 - - -
F, 300 68 4 13 86 129 85 215 1:3 1.78 0.182
Line 1x Misrl B.C1 75 8 67 0 75 1:15 5.00 0.025
B.C2 75 35 10 19 11 45 30 9:7 0.63 0.427

. P, 45 45 - 45 - - -

et el = s o

) F 45 45 - 45 - . -
F, 300 31 8 15 37 209 54 246 3:13 0.11 0.740
Line 2 x Sakha 95 B.C1 75 3 72 0 75 1:15 5.00 0.025
B.C2 75 29 8 15 11 12 52 23 3:1 1.28 0.258

Resistant x Py 45 45 45 . - - -

Susceptible P2 45 45 . 45 - - -

3 F; 45 45 45 B _ _ N
F, 300 200 7 39 25 29 246 54 13:3 0.11 0.740
Shandweel 1 x Misr 1 B.C1 75 31 5 15 13 11 51 24 3:1 1.96 0.162
B.C2 75 20 1 4 36 14 25 50 1:3 2.78 0.095

. . P, 45 45 45 - - - -

Susceptibl P, | 45 % : 4 : - [ -

F 45 45 45 - - - -
4 F, 300 189 15 26 41 29 230 70 3:1 0.44 0.507
Sakha 94 x Misr 1 B.C1 75 32 3 6 15 19 41 34 9:7 0.08 0.777
B.C2 75 16 3 6 26 24 25 50 1:3 2.78 0.095

P, 45 45 45 - - - -

Resistant xResistant P, 45 45 45 - - - -

5 F 45 45 45 . . i _
F, 300 190 25 37 27 21 252 48 13:3 1.49 0.222
Sakha 94 x Sakha95 | B.C1 | 75 35 14 11 12 3 60 15 13:3 0.08 0.777
B.C2 75 51 7 8 5 4 66 9 13:3 2.24 0.134
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showed (MR) infection types. On the other hand, the parent Misr 1 expressed
moderate susceptibility to stripe rust, where all the tested plants (45 plants)
recorded infection types (MS) Also, the F; tested plants (45 plants) were resistant
with infection type (MR), indicating the complete dominance for resistance over

susceptibility.

According the F, infection types, it ranged from (0) to (S) in 300 tested plants.
However, the observed numbers of F, resistant : susceptible plants were 246: 54.
This ratio fitted the theoretical expected ratio of 13 : 3 with P. value = 0.740,
indicating that two interacting gene pairs are controlling the wheat stripe rust
resistance in this cross. Furthermore, the infection types of BC; and BC, plants
ranged from (0) to (S). With respect to BC,, the observed ratio of resistant :
susceptible plants was 51 : 24. These numbers fitted the theoretical ratio of 3 :1
and confirm the results obtained from the F, data. Whereas, the observed resistant :
susceptible ratio of the BC, was 25 : 50 fitting the expected ratio 1 : 3 and

suggesting the operation of two interacting gene pairs.
Cross 4: Sakha 94 (R) x Misr 1 (S)

Taking parents into consideration, data presented in Table 16 indicated that
the parents Sakha 94 expressed highly resistant to stripe rust, where all the tested
plants (45 plants) recorded infection types (R). On the other hand, the parent Misr
1 expressed moderate susceptibility to stripe rust, where all the tested plants (45
plants) recorded infection types (MS). Also, the F; tested plants (45 plants) were
resistant with infection type (MR), indicating the complete dominance for

resistance.

According the F,, the types ranged from (0) to (S) for the tested plants.
However, numbers of F, resistant : susceptible plants were 230 : 70. These
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numbers fitted the theoretical expected ratio of 3 : 1 with P. value = 0.507,
indicating that two interacting gene pairs are controlling the wheat stripe rust

resistance in this cross.

The infection types of BC,; plants ranged from (0) to (S). The observed ratio
of resistant : susceptible plants were 41 : 34. This ratio fitted the theoretical ratio
of 9 : 7 and emphasize the results obtained from the F, data. Whereas, the BC,
infection types ranged from (0) to (S). the observed resistant : susceptible ratio of
the BC, was 25 : 50 which fitted the expected ratio 1 : 3 and indicating the

functioning of two double dominant gene pairs.
Cross 5: Sakha 94 (R) x Sakha 95 (R)

Data presented in Table 16 indicated that the parent Sakha 94 expressed high
resistant to stripe rust, where all the 45 tested plants recorded infection types (R),
whereas, the parent Sakha 95 expressed high resistant to stripe rust, where all the
tested plants (45 plants) recorded infection types (R), Also, the F; tested plants (45
plants) were high resistant with infection type (R). These data suggested the

presence of dominance for resistance.

The F, infection types ranged from (0) to (S) in 300 tested plants. However,
the observed numbers of F, resistant : susceptible plants were 252 : 48. This ratio
fitted the theoretical expected ratio of 13 : 3 with P. value = 0.222, indicating that
two interacting gene pairs are controlling the wheat stripe rust resistance in this
cross. In addition to, the infection types of BC; and BC, plants ranged from (0) to
(S). According to BC,, the observed ratio of resistant : susceptible plants was 60 :
15. These numbers fitted the theoretical ratio of 13 : 3 and confirmed the results
obtained from the F, data. Whereas, the observed resistant : susceptible ratio of the
BC, was 66 : 9 fitting the expected ratio 13 : 3 and suggesting the operation of two

interacting gene pairs.
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4.2.1.2. Stem rust disease:

The infection type frequency distribution and the phenotypic classes of
parents, Fy, F», BC, and BC, populations of the five studied crosses are presented
in Table 16. These crosses included these categories: Susceptible (S) x Susceptible
(S) and Resistant (R) x Susceptible (S).

Cross 1: Line 1 (S) x Misr 1 (S)

Data presented in Table 17 indicated that the parent Line lexpressed
moderate susceptibility to stem rust, where all tested plants (45 plants) showed
(MS) infection types. On the other hand, Misr 1 expressed high susceptibility to
stem rust, where all tested plants (45 plants) showed (S) infection types. Also, the
F, tested plants (45 plants) were highly susceptible with infection type (S).

Accordingly, these data suggested the complete dominance for susceptibility.

Regarding the F,, the infection types ranged from (R) to (S) in 300 tested
plants. However, numbers of F, resistant : susceptible plants were 30 : 270. These
numbers fitted the theoretical expected ratio of 1 : 15 with P. value = 0.007,
indicating that two interacting gene pairs are controlling the wheat stem rust
resistance in this cross. In addition, the infection types of BC; plants ranged from
(MR) to (S) and BC, plants ranged from (MS) to (S). However, for BCy, the
observed ratio of resistant : susceptible plants was 3 : 72. This ratio fitted the
theoretical ratio of 1 : 15 and supported the results obtained from the F, data.
Whereas, the observed resistant : susceptible ratio of the BC, was 0: 75 which
fitted the expected ratio 1 : 15 and suggesting the operation of two interacting gene

pairs and supported the expected ratio indicated from the F,.
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Table (17): Infection type frequency distribution and phenotypic classes of parents, F;, F,, BC; and BC,
populations of five bread wheat crosses of stem rust disease in 2016/17 season.

No. of Infection type Phenot
Crosses Cross name tested Resistant (R) Susceptible (S) enotypes Exget(i:;ed X2 v:flﬁe
plants 0 R MR | MS S Res Sus

Susceptible x Py 45 45 . 45 - - -

Susceptible P2 45 45 - 45 - - -

1 Fy 45 45 - 45 - - _
F, 300 13 17 28 242 30 270 1:15 7.200 0.007
Line 1x Misrl B.C1 75 3 40 32 3 72 1:15 0.648 0.421
B.C2 75 5 70 0 75 1:15 5.000 0.025

Tl P, 45 45 - 45 - - -

e e as [ R E——

2 Fy 45 45 - 45 - - -
F, 300 5 3 14 37 241 22 278 1:15 0.601 0.438
Line 2 x Sakha 95 B.C1 75 2 73 0 75 1:15 5.000 0.025
B.C2 75 7 68 0 75 1:15 5.000 0.025

e x P, 45 45 - 45 - - -

Sosceptible P, | 45 | - 45 - S

3 Fi 45 45 - 45 - - -
F, 300 3 15 12 49 221 30 270 1:15 7.200 0.007
Shandweel 1 x Misr 1 B.C1 75 5 6 9 18 37 20 55 1:3 0.111 0.739
B.C2 75 10 65 0 75 1:15 5.000 0.025

. . P, 45 45 45 - - - -

Susceptble P, | 45 s 1 - 45 - 2

Fy 45 45 - 45 - - _
4 F, 300 73 51 32 40 104 156 144 9:7 2.202 0.138
Sakha 94 x Misr 1 B.C1 75 14 32 9 16 4 55 20 3:1 0.111 0.739
B.C2 75 12 63 0 75 1:15 5.000 0.025

Resistant x Py 15 e e - - - -

Susceptible P2 45 45 - 45 - - -

5 Fy 45 45 - 45 - - .
F, 300 106 69 43 35 47 218 82 3:1 0.871 0.351
Sakha94 x Sakha95 | B.C1 | 75 10 18 24 17 6 52 23 3:1 1.284 | 0.257
B.C2 75 14 9 14 38 23 52 1:3 1.284 0.257
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Cross 2: Line 2 (S) x Sakha 95 (S)

Data presented in Table 17 indicated that the parents Line 2 and Sakha 95
expressed high susceptibility to stem rust, where all the tested plants (45 plants) for
two parents recorded infection types (S). Also, the F;, tested plants (30 plants) were
susceptible with infection type (S), indicating the complete dominance for

susceptibility.

The F, infection types ranged from (0) to (S) for the 300 tested plants.
However, the observed numbers of F, resistant : susceptible plants were 22 : 278.
This ratio fitted the theoretical expected ratio of 1 : 15 with P. value = 0.438,
indicating that two interacting gene pairs are controlling the wheat stem rust
resistance in this cross. Furthermore, the infection types of BC; and BC, plants
ranged from (MS) to (S) for all tested plants. The observed ratio of resistant :
susceptible plants was 0 : 75. These numbers fitted the theoretical ratio of 1:15 and

supported the results obtained from the F, data.
Cross 3: Shandweel 1 (S) x Misr 1(S)

The results presented in Table 17 clearly showed that the parent Shandweel
lexpressed high susceptibility to stem, where all the tested plants (45 plants)
showed (S) infection types. Also, the parent Misr lexpressed high susceptibility to
stem rust, where all the tested plants (45 plants) recorded infection types (S).
Furthermore, the F, tested plants (45 plants) were high susceptibility with infection
type (S). Accordingly, these data suggested the complete dominance for high
susceptibility.

With respect to the F, infection types, it ranged from (0) to (S) for the tested
plants. However, the observed numbers of F, resistant : susceptible plants were 30

: 270. These numbers fitted the theoretical expected ratio of 1 : 15 with P. value =
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0.007, indicating that two interacting gene pairs are controlling the wheat stem rust
resistance in this cross. Moreover, the infection types of BC; plants ranged from
(0) to (S). The observed ratio of resistant : susceptible plants was 20 : 55. This
ratio fitted the theoretical ratio of 1:3 and supported the results obtained from the
F, data. Whereas, the BC, infection types ranged from (MS) to (S). the observed
resistant : susceptible ratio of the BC, was 0:75 which fitted the expected ratio 1:15

and indicating the functioning of two double dominant gene pairs.
Cross 4: Sakha 94 (R) x Misr 1 (S)

The results presented in Table 17 clearly showed that the parent Sakha 94
expressed resistance to stem rust, where all tested plants (45 plants) showed (MR)
infection types. On the other hand, the parent Misr 1 expressed highly susceptible
to stem rust, where all tested plants (45 plants) recorded infection types (S). Also,
the 45 F; tested plants were susceptible with infection type (Ms). Accordingly,
these data suggested the existence of partial dominance for susceptibility over the

resistance.

With respect to the F, infection types, it ranged from (0) to (S) for the 300
tested plants. However, the observed numbers of F, resistant : susceptible plants
were 156:144. This ratio fitted the theoretical expected ratio of 9:7 with P. value =
0.138, indicating that two interacting gene pairs are controlling the wheat stem rust
resistance in this cross. Furthermore, the infection types of BC; plants ranged from
(0) to (S). The observed ratio of resistant : susceptible plants was 55:20. These
numbers fitted the theoretical ratio of 3:1 and confirm the results obtained from
the F, data. Whereas, the observed resistant : susceptible ratio of the BC, was 0:75
which fitted the expected ratio 1:15 and indicating the functioning of two double

dominant gene pairs.
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Cross 5: Sakha 94 (R) x Sakha 95 (S)

Data presented in Table 17 indicated that the parent Sakha 94 expressed
moderate resistant to stem rust, where all the 45 tested plants recorded infection
types (MR), while, the parent Sakha 95 expressed high susceptibility to stem rust,
where all the tested plants (45 plants) recorded infection types (S), Also, the F,
tested plants (45 plants) were moderate susceptibility with infection type (MS).

The F, infection types ranged from (0) to (S) in 300 tested plants. However,
the observed numbers of F, resistant : susceptible plants were 218 : 82. This ratio
fitted the theoretical expected ratio of 3:1 with P. value = 0.351, indicating that
two interacting gene pairs are controlling the wheat stripe rust resistance in this
cross. In addition to, the infection types of BC; plants ranged from (0) to (S). The
observed ratio of resistant : susceptible plants was 52 : 23. These numbers fitted
the theoretical ratio of 3:1 and confirmed the results obtained from the F, data.
Whereas, the BC, infection types ranged from (R) to (S). the observed resistant :
susceptible ratio of the BC2 was 23:52 which fitted the expected ratio 1:3 and

indicating the functioning of two double dominant gene pairs.

4.2.2. Mean of the average coefficient infection (ACI) and variances for

strip and stem rusts disease resistance.

The mean of the average coefficient infection (ACI) of strip and stem rust
diseases for the six populations of the five studied crosses are presented in Tables
(18-19).

4.2.2.1- Strip rust disease resistance:

With respect to the first cross Line 1 (S) x Misr 1 (S), the data in Table 18
indicated that the F; mean value (20.29) was less than the mid parent (25.83) and

less than the first parent (Line 1) indicating partial dominance towards the parent
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of low disease severity. The F, mean values were higher than the F,and lower than
the mid-parent, indicating the partial dominance towards the parent of low disease
severity. The BC, populations recorded diseases severities lower than the mid-
parent, suggesting the importance of non-additive component (partial dominance)

in the inheritance o this trait.

In the second cross Line 2 (Susceptible) x Sakha 95 (resistant) the results
indicated that the F, mean value was less than the mid parent value and less than
the first parent (Line 2) with value (59.11) indicating partial dominance for the
Susceptible parent. The F, mean values were higher than the F; and lower than the
mid-parent, indicating the partial dominance towards the resistant parent. The BC,
populations recorded diseases severities lower than the mid-parent, suggesting the
importance of non-additive component (partial dominance) in the inheritance o this

trait.

For the third cross Shandweel 1 (R) x Misr 1 (S) the results indicated that the
F; mean value (0.58) was less than the mid- parent and less than the lower parent
(Shandweel 1) indicating over dominance towards the resistant parent. On the
other hand, the F, mean value (0.89) was less than the mid parent (1.95), indicating
partial dominance towards the resistant. BC,; and BC, mean values indicated that

segregation were in the direction of their respective recurrent parents.

Regarding to the fourth cross Sakha 94 (R) x Misr 1 (S), the results indicated
that the F; mean value (0.45) was less than the lower parent (0.93) indicating over-
dominance for resistance. The F, and BC; mean values (1.13) and (0.95),
respectively, was higher than the F; mean value (0.45) indicating partial
dominance for resistance. With regard to the BC, mean value, it was tended

towards the mean of recurrent parent.
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With respect to the fifth cross; Sakha 94 (R) x Sakha 95 (R), the data in Table
18 indicated that the F; mean value (0.84) was less than the mid parent value
(0.93), indicating over dominance controlling the inheritance of resistance of this
trait. The F,, BC; and BC, mean values were higher than the F; mean value,

indicating partial dominance for resistance.

Table (18): Mean(X), variance (S?) and mean variance (Sg—() of P4, Py, F4, F,, BC; and

BC, populations of stripe rust.

Crosses p%;f;ﬁgf:‘:s P, P, F, K, BC, BC,
X 48.44 3.22 20.29 21.18 57.17 8.28

1 s? 13.43 1.93 2.86 911.49 754.37 616.63
Sk 0.30 0.04 0.08 3.04 10.06 8.22
X 59.11 0.91 19.43 28.46 75.63 9.22

2 s? 8.28 0.06 5.55 821.98 627.43 529.77
s& 0.18 0.001 0.16 2.74 8.37 7.06
X 0.61 3.29 0.58 0.89 0.48 2.78
3 s? 0.30 1.81 0.27 5.20 0.50 8.37
s¥ 0.01 0.04 0.01 0.02 0.01 0.11
X 0.93 3.43 0.45 1.13 0.95 2.82
4 s? 0.05 1.53 0.07 7.90 3.17 8.67
s¥ 0.001 0.03 0.002 0.03 0.04 0.12
X 0.91 0.95 0.84 1.59 1.19 1.10
5 s? 0.06 0.04 0.11 13.05 9.27 8.47
sk 0.001 0.0009 0.003 0.04 0.12 0.11

(Crossl) Line 1 x Misr 1, ( Cross 2) Line 2 x Sakha 95, (Cross 3) Shandweel 1 x Misr 1, (Cross 4) Sakha 94
x Muisr 1, (Cross5) Sakha 94 x Sakha 95.

4.2.2.2.Stem rust disease resistance:

The mean of the average coefficient infection (ACI), variances of stem rust

disease in the six populations of the five studied crosses are presented in Table 19.

For the first cross Line 1 (S) x Misr 1 (S) the data revealed that the F; mean
value 9.00 was less than the mid parent indicating partial dominance towards

parent of low disease severity. The F, and BC; populations recorded disease
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severities were low than mid-parent, suggesting the importance of partial

dominance in the inheritance o this trait.

With respect to the second cross; Line 1 (S) x Sakha 95 (S), the data in Table
19 indicated that the F; mean value was less than the mid- parent , indicating
partial dominance controlling the inheritance of this trait. On the other hand, the F,
mean value was approximately equal to the mid-parent value, indicating the
presence of transegressive segregation in F, generation. The BC; and BC, mean
values were higher than the F; mean value, indicating partial dominance for

susceptibility.

Table (19): Mean(X), variance (S*) and mean variance (Sg—() of P4, P,, Fy, F,, BC; and

BC, populations of stem rust.

Crosses pitf::f]gf:‘r's P, P, 3 K BC, BC,
X 0.94 30.89 9.00 5.84 1.89 26.22

1 s’ 0.44 8.28 4.12 44.62 4.47 66.96
sk 0.01 0.18 0.12 0.15 0.06 0.89
X 29.56 1.18 5.71 15.05 9.15 6.91

2 s’ 4.34 0.69 3.15 314.86 172.17 250.05
st 0.10 0.02 0.09 1.05 2.30 3.33

X 1.09 39.56 1.57 16.65 7.38 16.98

3 s’ 0.36 4.34 2.02 409.33 364.49 262.15
st 0.01 0.10 0.06 1.36 4.86 3.50
X 0.47 40.44 4.00 4.07 1.41 8.27

4 s’ 0.11 4.34 0.29 79.73 34.49 70.49
st 0.002 0.10 0.01 0.27 0.46 0.94
X 0.44 1.09 1.07 0.84 0.69 2.11
5 s’ 0.06 0.36 0.83 8.62 5.20 5.40
st 0.001 0.01 0.02 0.03 0.07 0.07

(Crossl) Line 1 x Misr 1, ( Cross 2) Line 2 x Sakha 95, (Cross 3) Shandweel 1 x Misr 1, (Cross 4) Sakha 94
x Muisr 1, (Cross5) Sakha 94 x Sakha 95.

With respect to the third cross; Shandweel 1 (S) x Misr 1 (S), the data in

Table 19 indicated that the F; mean value (1.57) was less than the mid-parent mean
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value (20.32), revealing the presence of dominance towards the parent of low
disease severity. The F,, BC,and BC, populations recorded disease severity lower
than the mid-parents, suggesting the importance of non-additive (partial

dominance) in the inheritance of this trait.

Regarding the fourth cross; Sakha 94 (R) x Misr 1 (S), the results indicated
that the F; mean value (4.00) was less than the mid-parents, indicating dominance
for susceptibility. The F,, BC; and BC, mean values were less than the mid-parent,

indicating partial dominance controlling the inheritance of this trait.

With respect to the fifth cross; Sakha 94 (R) x Sakha 95 (S), the data in Table
19 indicated that the F; mean value (1.07) was higher than the mid-parent (0.77),
indicating partial dominance towards the susceptible parent. The F, and BC; mean
values were less than the F; mean value, indicating partial dominance for

resistance.
4.2.3.Heterosis, Inbreeding Depression and Potence Ratio:

Heterosis expressed as the percentage deviation of F;. Mean performance
from its mid parents and better parent average values, inbreeding depression and
potence ratio for stripe and stem rust diseases in the our crosses are presented in
Table 20.

4.2.3.1.Stripe rust disease resistance

The resistant crosses to stripe rust diseases (Desirable) should have significant

negative heterotic effects relative to mid-parent and the better parent.

In the present study, data in Table 20 showed that all crosses exhibited highly
significant negative heterotic effects relative to mid-parent and better parent.
These superior and promising genotypes and their progenies might be used in the

future in wheat breeding programs for improving the resistance to stripe rust
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disease. Said (2003), Ragab (2005) and Yasen (2008) obtained highly significant

heterotic effects in negative direction for resistance to stripe rust disease.

Table (20):Heterosis, potence ratio and inbreeding depression for stripe rust
resistance and stem rust resistance in the five studied crosses.

Traits Crosses Heterosis Heterosis Potence ratio Inbreeding
MP% BP% depression %
1 -21.47** -58.13** -0.25 -4.43*
2 -35.26** -67.13** -0.36 -46.51**
Stripe rust 3 70.13%*  -82.08** 1.02 53 5
resistance
4 -79.55** -87.01** 1.39 -154.27**
5 -9.57** -11.27** 5.00 -89.44**
1 -43.45%* -70.86** 0.46 35.13**
2 -62.81** -80.67** -0.68 -163.39**
Stem rust 3 9227%%  -96.03** 0.97 19595+
resistance
4 -80.45** -90.11** 0.82 -1.67**
5 40.94** -1.34** -0.96 21.62**

(* )and (**) significant at 0.05 and 0.01 levels of probability , respectively. (Cross1) Line 1 x Misr 1, ( Cross
2) Line 2 x Sakha 95, (Cross 3) Shandweel 1 x Misr 1, (Cross 4) Sakha 94 x Misr 1, (Cross5) Sakha 94 x
Sakha 95

With regard to potence ratio, values presented in Table 20, showed that the
value of potence ratio was approximately equal unity with negative sign for the
third cross (Shandweel 1 x Misr 1), indicating the presence of dominance
inheritance of this trait. Meanwhile, the values of the first cross (Line 1 x Misr 1)
was less than unity, indicating the presence of partial dominance controlling the
inheritance of this trait for this cross. On the other hand, The values of potence
ratio were more than unity with negative sign for fourth (Sakha 94 x Misr 1) and

fifth (Sakha 94 x Sakha 95) crosses indicating the presence of over dominance
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inheritance of this trait. Said (2003) and Yasen (2008) obtained similar results
such they found partial dominance toward resistance, while Ragab (2005) obtained

over- dominance.

With respect to inbreeding depression percent data in Table 20 showed that all
the studied crosses exhibited significant or/and highly significant negative for strip

rust disease. These results were in the same line with Ragab (2005) and Yasen

(2008).
4.2.3.2.Stem rust disease resistance

Data in Table 20 showed that all crosses exhibited high significant negative
heterotic effects relative to mid-parent and better parent except for the fifth one
(Sakha 94 x Sakha 95) which had highly significant positive (undesirable) relative
to mid-parent. These results were in the same line with Aglan (2003) and Ragab
(2005).

For potence ratio, the values were less than unity with positive or negative
sign in all crosses, indicating the presence of partial dominance in the inheritance
of this trait. These results were in agreement with Aglan (2003) who found patrtial

dominance.

With regard to the inbreeding depression percent data presented in Table 20
showed highly significant positive for the first cross (Line 1 x Misr 1) and the fifth
cross (Sakha 94 x Sakha 95), while highly significant negative inbreeding
depression were detected for remaining crosses.

4.2.4. Estimation of type of gene action.
4.2.4.1.Scalling test:

The scale tests for the stripe and stem rust diseases are presented in Table 21.
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Most values of A, B, C and D were significant for all the studied crosses,
indicating the presence of non-allelic interaction in these crosses. Regarding the
adequacy of the six parameters model to explain the type of gene action controlling

the traits in these crosses.

Table (21): Scaling test parameters A , B and C for days to heading, stripe and
stem rusts resistance in the five studied crosses.

Scaling test
Traits Crosses
A B C
1 45.61** -6.94 -7.49
2 72.71%* -1.9 14.98*
Stripe rust resistance 3 -0.24 1.69* -1.49*
4 0.52 1.77* -0.72
5 0.62 0.42 2.83**
1 -6.16%* 12.56%* -26.48%*
2 -16.96** 6.92 18.04**
Stem rust resistance 3 12.1%* -7.16 22.81%*
4 -1.66 -27.91%* -32.65%*
5 -0.13 2.05%* -0.31

(* )and (**) significant at 0.05 and 0.01 levels of probability , respectively. (Crossl) Line 1 x Misr 1, ( Cross
2) Line 2 x Sakha 95, (Cross 3) Shandweel 1 x Misr 1, (Cross 4) Sakha 94 x Misr 1, (Cross5) Sakha 94 x
Sakha 95

4.2.4.2.Gene action effects:

Type of gene action for stripe and stem rust diseases characters are shown in
Table 22. The estimated mean effects (m), which reflected the contribution due to
over-all mean plus the locus effects and interaction of the fixed loci was found to
be highly significant for all the studied characters in all crosses, indicating that
these characters were quantitatively inherited. These results are in harmony with
those of Aglan (2003), Ragab (2005) and Sharshar (2015).

From the results illustrated in Table 22, it could be concluded that the additive

(a) gene effects for stripe rust resistance was highly significant positive for the first
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(Line 1 x Misr 1) and second (Line 2 x Sakha 95) crosses. Meanwhile, the third
(Shandweel 1 x Misr 1) and fourth (Sakha 94 x Misr 1) crosses exhibited highly
significant positive for stripe rust resistance. Whereas, the fifth cross (Sakha 94 x
Sakha 95) was insignificant with positive sign. On the other side, all the studied
crosses exhibited high significant negative values stem rust resistance except for
the second cross (Line 2 x Sakha 95), reflecting that the additive effects play an
important role in the genetic variation of these characters.

Table (22): Type of gene action for stripe rust resistance and stem rust resistance in
the five studied crosses.

Scaling test
Traits Crosses
(m) (@) (d) (aa) (ad) (dd)
1 21.18** 48.89** 40.62** 46.16** 26.28** -84.83**
2 28.46** 66.41** 45.26** 55.84** 37.31**  -126.66**
Stripe rust 3
. 0.89** -2.3%% 1.58 2.94%* -0.96** -4 4%
resistance
4 1.13%*  -1.88%* 1.27 3.01%* -0.63 5.3%%
5 1.59** 0.08 -1.87 -1.78 0.1 0.74
1 5.84** -24.33%* 25.96** 32.88** -9.36%** -39.28**
2 15.05%* 2.25 -37.73**  -28.08**  -11.94** 38.12**
Ste.m rust 3 16.65** -9.6** -36.62** -17.87* 9.63** 12.93
resistance
4 4.07** -6.86** -13.37** 3.09 13.13** 26.47*%*
5 0.84** -1.42%* 2.54* 2.23* -1.09%* -4.15*%

(* )and (**) significant at 0.05 and 0.01 levels of probability , respectively. (Crossl) Line 1 x Misr 1, ( Cross
2) Line 2 x Sakha 95, (Cross 3) Shandweel 1 x Misr 1, (Cross 4) Sakha 94 x Misr 1, (Cross5) Sakha 94 x
Sakha 95

On the other hand, dominant gene effects (d) were significant or highly
significant with positive or negative sign for the two characters, except for stripe
rust resistance in the third (Shandweel 1 x Misr 1), the fourth (Sakha 94 x Misrl)
and the fifth (Sakha 94 x Sakha 95) crosses. These results indicate the importance
of dominance gene effects in the inheritance of these characters.
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In some cases ,where the absence of significant (d) component implies no
dominance genetic differences between the two parents and the dominant effects

have no important role in the genetic control of these cases.

It could be observed that dominance effects are several times larger than
additive one in most crosses. This might indicate that dominance gene effects play
the major role in controlling the genetic variation of most studied characters.
However, when additive effects are larger than non-additive ones, it is suggested
that selection in early segregating generations would be effective. Meanwhile, if
non-additive portion are larger than additive one, the improvement of the
characters need intensive selection through later generations. These conclusion are
in the same line with those found by Shehab EI-Din and Abd El-latif (1996),
Aglan (2003), Ragab (2005), Sharshar (2015) and Hermas and EI-Sawi (2015).

On the other side, positively significant or highly significant additive x
additive effects (aa) were detected for; stripe rust resistance in all crosses except
for , the fifth cross (Sakha 94 x Sakha 95) as well as stem rust resistance in the first
(Line 1 x Misr 1) and fifth (Sakha 94 x Sakha 95) crosses . Meanwhile, negatively
significant or highly significant additive x additive type was found for stem rust
resistance in the second (Line 2 x Sakha 95) and third (Shandweel 1x Misrl)
crosses. In addition, significant or highly significant with positive signs additive x
dominance effects (ad) were found for stripe rust resistance in the first (Line 1 x
Misr 1) and the second (Line 2 x Sakha 95) crosses as well as for stem rust
resistance in the third (Shandweel 1 x Misr 1) and the fourth (Sakha 94 x Misr 1)
crosses. On the other hand, significant or highly significant with negative signs
additive x dominance types of epistasis were found for stripe rust resistance in the
third cross (Shandweel 1 x Misr 1) as well as for stem rust in the first (Line 1 x
Misr 1), second (Line 2 x Sakha 95) and fifth (Sakha 94 x Sakha 95) crosses. The
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dominance x dominance types of effects (dd) were positively highly significantly
for stem rust resistance in the second (Line 2 x Sakha 95) and fourth (Sakha 94 x
Misr 1) crosses. On the other hand, negatively significant or highly significant
dominance x dominance types of epistasis were found for stripe rust resistance in
all crosses except for the fifth cross (Sakha 94 x Sakha 95) as well as for stem rust
resistance in the first (Line 1 x Misr 1) and fifth (Sakha 94 x Sakha 95) crosses.
These findings which recorded the presence of the additive, dominance and the
epistasis (additive x additive, additive x dominance and dominance x dominance)
were reported by Mahgoub (2001), Aglan (2003), Yasen (2008) and Hermas and
El-Sawi (2015).

With regard to the negative values observed in most cases either with the
main effects; (a) and (d) or the non-allelic interactions; (aa), (ad) and (dd), these
might indicate that the alleles responsible for less value of traits were over

dominant over the alleles controlling high value.

However, when epistatic effects were significant for a trait, the possibility of
obtaining desirable segregates through inter-mating in early segregations by
breaking undesirable linkage could be available or it is suggested to adopt
recurrent selection for handling the above crosses for rapid improvement. These

results are in agreement with those of Mahgoub (2001) and Ragab (2005).
4.2.5. Components of variance, heritability and expected genetic advance.
4.2.5.1.Components of variances

The additive variance (1/2D), dominance variance (1/4H) and environmental
variance (VE) for the stripe and stem rusts disease resistance for the five studied

crosses are presented in Table 23.
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Stripe rust disease resistance:

Additive and dominance variance estimates were highly significant in all
crosses, indicating the importance of each additive and dominance variances in
controlling this disease. Similar results were obtained by Shehab EI-Din and Abd
El-Latif (1996), who demonstrated the presence of additive and non-additive in

inheritance of stripe rust resistance disease.
Stem rust disease resistance:

Concerning, additive variance, highly significant were obtained for all
crosses. Dominance variance estimates were highly significant in all crosses except
for the fifth cross (Sakha 94 x Sakha 95). These results were in agreement with
those obtained by Shehab EI-Din et al.,(1991), Mahgoub (2001) and Aglan
(2003) came to the conclusion where the stated that, the genetic components
(additive and dominance) exhibited equal magnitude in the inheritance of stem rust
disease resistance.

Table(23): Additive V (1/2D), dominance V (1/4H) and environmental variance
(VE) for stripe and stem rusts diseases resistance in the five studied

crosses .

Traits Crosses V(1/2D) V(1/4H) VE

1 99.42%* 454.24%* 5.27

2 99.41%* 330.35** 4.86

Stripe rust resistance 3 87.28** Chde 0.66
4 94.52%* 3.5%* 0.43

5 99.39%* 4.62%* 0.08

1 90.5** 22.57%* 4.24

2 99.1%* 104.53** 2.84

Stem rust resistance 3 99.47** 215.13** 2.18
4 98.42%* 23.98** 1.26

5 94.02%* 1.46 0.52

(* )and (**) significant at 0.05 and 0.01 levels of probability , respectively. (Crossl) Line 1 x Misr 1, ( Cross
2) Line 2 x Sakha 95, (Cross 3) Shandweel 1 x Misr 1, (Cross 4) Sakha 94 x Misr 1, (Cross5) Sakha 94 x
Sakha 95
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4.2.5.2.Heritability estimates and predicted genetic advance from selection.

Heritability estimates in both broad and narrow sense and expected genetic

advanced for stripe and stem rust diseases resistance are presented in Table 24.
Stripe rust disease resistance:

Regarding to stripe rust disease resistance, heritability estimates in broad
sense were high and ranged from 87.28 % for the third cross (Shandweel 1x Misr
1) to 99.42% for the first cross. These results were in good agreement with those
obtained by Abd EL Latif and Omyma (2000) and Said (2003) who recorded,
high heritability values in broad. On the other side, heritability in narrow sense
were moderate with values ranged from 29.53% for the third cross (Shandweel 1x
Misr 1) to 64.03 for the fifth cross (Sakha 94 x Sakha 95). Shehab EI-Din and
Abd El-Latif (1996) and Zhang et al. (2001) reported high values for broad sense

heritability and moderate values of narrow sense heritability in this concern.

Estimates of predicted genetic advance from selection as percentage of F,
mean (Ag%) ranged from 122.87% for the second cross (Line 2 x Sakha 95) to
299.46% for the fifth cross (Sakha 94 x Sakha 95).

As previously shown, the fifth cross (Sakha 94 x Sakha 95) was considerable
as the best cross and may be used in wheat breeding program to improving

resistance to stripe rust disease.
Stem rust disease resistance

Regarding to stem rust disease resistance, heritability estimates in broad sense
were high in all crosses. Similar results were reported by Shehab EI-Din, et al.,
(1991b) who reported high values of heritability in one cross and intermediate in

other one. Meanwhile, narrow sense heritability estimates were moderate in all
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crosses. Mahgoub (2001) reported low narrow sense heritability and it was around
50%.

Predicted genetic advance from selection as percentage of F2 mean (Ag%)
ranged from 94.04% for the first cross (Line 1 x Misr 1) to 554.11% the fifth cross
(Sakha 94 x Sakha 95).

As previously shown, the fourth (Sakha 94 x Misr 1) and fifth (Sakha 94 x
Sakha 95) crosses were the best crosses which can be used in wheat breeding
program to improve stem rust disease resistance.

Table (24): Estimates of heritability percentage in broad (H) and narrow (h?)

senses and expected (Ag) genetic advance from selection in five bread
wheat crosses.

Heritability Genetic advance
Traits Crosses
H% h?% Ag Ag %
1 99.42 49.59 30.84 14558
2 99.41 59.22 34.98 122.87
Stripe rust 3
) 87.28 29.53 1.39 155.07
resistance
4 94.52 50.16 2.90 256.28
5 99.39 64.03 477 299.46
1 90.50 39.90 5.49 94.04
2 99.10 65.90 24.09 160.05
Ste_m rust 3 99.47 46.91 19.55 117.43
resistance
4 98.42 68.34 12.57 309.11
> 94.02 77.12 4.67 554.11

(* )and (**) significant at 0.05 and 0.01 levels of probability , respectively. (Crossl) Line 1 x Misr 1, ( Cross
2) Line 2 x Sakha 95, (Cross 3) Shandweel 1 x Misr 1, (Cross 4) Sakha 94 x Misr 1, (Cross5) Sakha 94 x
Sakha 95
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Molecular analysis

Polymorphism based on SSR markers

To save the power of statistics by reducing the cost and simplifying
analytical procedure, selective assess, such as selective genotyping, by which only
individuals with highly extreme phenotypes (usually the two tails selected from a
sample population also and Selective genotyping could be used, along with pooled
DNA analysis, to change genotyping the entire population) were analyzed, has
been proposed (Sun et al., 2010). A further significant cost reduction is to bulk all
the individuals selected from each tail of the population and analyse as a pool. For
example, pooled DNA analysis for marker identification was developed by two
groups independently but named differently as bulked segregant analysis
(Michelmore et al., 1991) Bulked segregant analysis was originally designed to
target the traits controlled by major genes with large effect and less confounded by
environments. Recent developments in BSA have increased the power of bulked

segregant analysis in identifying minor causal alleles (Sun et al., 2010)

Over 10 pairs of SSR primers were used to identify the polymorphism
between the stripe and stem rust resistant and the susceptible DNA bulks. Genetic
diversity analysis of six populations (P1, P2, F;, BC,, BC, and F,) resulted from
crosses Line 2 x Sakha 95 for stripe rust and Sakha 94 x Misr 1 for stem rust based
on molecular markers was an important aim for this study. Knowledge of the
genetic similarity among the six population is very useful and successful for
genetic improvement (Ceron and Angel, 2001). Understanding the genetic
variability among wheat cultivars opens up a possibility for developing a molecular
genetic map that will lead to the application of marker-assisted selection tools in

genetic improvement of wheat for stripe rust resistance.
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To measure the degree of genetic variability among the used wheat
genotypes, SSR-PCR technique was applied. Calculating the genetic similarity
among the studied genotypes and studying the genetic relationships among the

results populations of wheat.

The main role of these markers were to detected the polymorphism which
can be used for qualitative or quantitative trait loci, diversity, pedigree analysis,

assess taxonomic and phylogenetic relationships, linkage mapping, etc.

SSR is polymerase chain reaction (PCR) based markers help us in detection
of polymorphism at the molecular level from many individuals or pooled samples
at a very fast rate. Also, it's preferred by many geneticists and plant breeders
because of its higher repeatability, co-dominant nature, specificity and having
multiple alleles (Cheng et al. 2009).

SSR markers associated with stem or stripe rust was used with bulk sergeant
analysis (BSA) to be used in marker assisted selection (MAS) program and to
develop a database which will enable the utilization of genetic markers as selection
tools to improve wheat rust characterization. As Michelmore et al., (1991)
described BSA, F, plants presented by at least 200 individuals will be classified
into groups according to their behavior rust stress. The extreme groups will be
detected, first one refer to the best growing F, plants under (most resistance) and

the other group refers to the (most sensitive).

Stripe Rust

Polymorphism patterns were observed among the studied populations for
cross Line 2 x Sakha 95. A total of five SSR primers were initially used to
establish SSR fingerprints for this cross. Only three primers successfully generated
reproducible polymorphic and scorable bands xgwm18, xgwm501 and xgwm382.
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Moreover, using xgwm18 Fig 1 , most of the resistant F, plants presented the
same DNA with 160 bp band as Sakha 95 or the resistant DNA bulk did, and most
of the susceptible F, plants did not present these DNA band or presented the same
DNA band as Line 2 or the susceptible DNA bulk did. Similarly, most of the
susceptible F, plants presented the same DNA with 186 bp band as Line 2 or the
susceptible DNA bulk did, and most of the resistant F, plants did not present these
DNA band or presented the same DNA band as Sakha 95 or the resistant DNA
bulk did.

With respect, primer Xgwm 501 Fig 2, most of the resistant F, plants
presented the same DNA with 165 bp band as Sakha 95 or the resistant DNA bulk
did, and most of the susceptible F, plants did not present these DNA band or
presented the same DNA band as Line 2 or the susceptible DNA bulk did.
Similarly, most of the susceptible F, plants presented the same DNA with 195 bp
band as Line 2 or the susceptible DNA bulk did, and most of the resistant F, plants
did not present these DNA band or presented the same DNA band as Sakha 95 or
the resistant DNA bulk did.

With regard to, using xgwm382 Fig 3, most of the resistant F, plants
presented the same DNA with 200 bp band as Sakha 95 or the resistant DNA bulk
did, and most of the susceptible F, plants did not present these DNA band or
presented the same DNA band as Line 2 or the susceptible DNA bulk did. On the
other hand, most of the susceptible F, plants presented the same DNA with 230 bp
band as Line 2 or the susceptible DNA bulk did, and most of the resistant F, plants
did not present these DNA band or presented the same DNA band as Sakha 95 or
the resistant DNA bulk did.

102




RESULTS AND DISCUSSION

Figure 1: Agarose gel showing the allelic segregation of the Xgwm 18 SSR
marker in the analyzed 1-(R) P, Sakha 95 2- (S)P, Line 2; 3- Fy;
4- (R)BC1; 5- (S)BC2; 6- Resistant DNA pool F, plants; 7-
Susceptible DNA pool F; plants M: 100 bp DNA ladder.

Figure 2: Agarose gel showing the allelic segregation of the Xgwm 501
SSR marker in the analyzed 1-(R) P, Sakha 95 2- (S)P, Line 2; 3-
Fi; 4- (R)BC1; §5- (S)BC2; 6- Resistant DNA pool F, plants; 7-
Susceptible DNA pool F, plants M: 100 bp DNA ladder.
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Xgwm 382

Figure 3: Agarose gel showing the allelic segregation of the Xgwm 382
SSR marker in the analyzed 1-(R) P, Sakha 95 2- (S)P, Line 2; 3-
Fi: 4- (R)BC1; 5- (S)BC2; 6- Resistant DNA pool F, plants; 7-
Susceptible DNA pool F; plants M: 100 bp DNA ladder.

Meanwhile, the rest primers xgwm 413 was monomorphic and primer
xgwm 44 was polymorphic but without specific band to distinguished resistant or
Susceptible parents and F,. Out of polymorphic patterns of the scorable SSR
primers among the used six populatins are shown in Tables (25). The fragment
patterns of SSRs using primers exhibited a total of 12 amplified fragments for
cross Line 2 x Sakha 95, with different sizes ranged from 160 to less than 186 bp.

Table (25): Numbers and types of the amplified DNA bands as well as the total

polymorphism percentage generated by the five SSR primers for Stripe rust.

Primer Total Monomorphic Polymorphic Polymorphism
bands bands bands percentage

Xgwm 44 3 0 3 100%
Xgwm 18 2 0 2 100%
Xgwm 501 3 0 3 100%
Xgwm 382 3 0 3 100%
Xgwm 413 1 1 0 0

Total 12 1 11

Stem Rust

Polymorphism patterns were observed among the studied populations for
cross Sakha 94 x Misr 1. A total of five SSR primers were initially used to
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establish SSR fingerprints for this cross. Only two primers successfully generated
reproducible polymorphic and scorable bands xwmc 453 and xgwm533.

Moreover, using xwmc 453 Fig 4 , most of the resistant F, plants presented
the same DNA with 187 and 200 bp bands as Sakha 94 or the resistant DNA bulk
did, and most of the susceptible F, plants did not present these DNA bands or
presented the same DNA band as Misr 1 or the susceptible DNA bulk did.
Similarly, most of the susceptible F, plants presented the same DNA with 195 and
205 bp bands as Misr 1 or the susceptible DNA bulk did, and most of the resistant
F, plants did not present these DNA band or presented the same DNA band as
Sakha 94 or the resistant DNA bulk did.

Xwmc 453

Figure 4: Agarose gel showing the allelic segregation of the Xwmc 453
SSR marker in the analyzed 1-(R) P, Sakha 94 2- (S)P, Misrl; 3-
Fi; 4- (R)BC1; 5- (S)BC2; 6- Resistant DNA pool F, plants; 7-
Susceptible DNA pool F; plants M: 100 bp DNA ladder.

With respect, primer Xgwm 533 Fig 5, most of the resistant F, plants
presented the same DNA with 120 bp band as Sakha 94 or the resistant DNA bulk
did, and most of the susceptible F, plants did not present these DNA band or
presented the same DNA band as Misr 1 or the susceptible DNA bulk did.
Similarly, most of the susceptible F, plants presented the same DNA with 150 bp
band as Misr 1 or the susceptible DNA bulk did, and most of the resistant F, plants
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did not present these DNA band or presented the same DNA band as Sakha 94 or
the resistant DNA bulk did.

Xgwm 533

Figure 5: Agarose gel showing the allelic segregation of the Xgwm 533
SSR marker in the analyzed 1-(R) P, Sakha 94 2- (S)P, Misrl; 3-
Fi; 4- (R)BC1; 5- (S)BC2; 6- Resistant DNA pool F, plants; 7-
Susceptible DNA pool F, plants M: 100 bp DNA ladder.

Meanwhile, the primer xwmc 633 was monomorphic with band 150 bp Fig
6. Also, the rest two primers did not score any amplified bands even they were

repeated twice.

Xwmc 633

Figure 6: Agarose gel showing the allelic segregation of the Xwmc 633
SSR marker in the analyzed 1-(R) P, Sakha 94 2- (S)P, Misrl; 3-
F;; 4- (R)BC1; 5- (S)BC2; 6- Resistant DNA pool F, plants; 7-
Susceptible DNA pool F, plants M: 100 bp DNA ladder.
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The five discriminatory SSR primer pairs were used to evaluate the genetic
diversity of stem rust resistance in six population for cross Sakha 94 x Misrl.
These primer pairs revealed a total of 7 alleles ranging from one to four alleles per

locus (Table 26).

Table (26): Numbers and types of the amplified DNA bands as well as the total
polymorphism percentage generated by the five SSR primers for stem rust.

Primer Total Monomorphic Polymorphic Polymorphism
bands bands bands percentage
Xwmc 453 4 0 4 100%
Xgwm 533 2 0 2 100%
Xwmc 633 1 1 0 0
Xgwm 319 - - - -
Xgwm 47 - - - -
Total 7 1 6

Many molecular markers used for MAS of the target genes and they have
also been used to detect disease resistance genes, such as Sr26 for resistance to
stem rust (Qureshi et al., 2018 a), Yr34 and Yr48 for resistance to stripe rust
(Qureshi et al., 2018 b). Due to an importance of Sr2 for resistance against stem
rust and providing durable resistance against all prevalent stem rust races including
the Ug99 group of races, Sr2 has been widely deployed with other major genes in
world (Singh et al. 2011). Here the data exploited Xgwm533 marker for the cross
Sakha 94 x Misr 1 and screening F, and represented parents genotypes as well
back crosse. The Xgwmb533 marker perfectly discriminate them (Mago et al. 2011;
Malik et al. 2013).

In conclusion, the results of this investigation provided some SSR based
molecular markers associated either positively or negatively with wheat genotypes
to rust resistance which could be used to enhance breeding programs aimed to
improve their rusts resistance by pyramiding genes controlling this trait by the aid

of marker assisted selection. It is feasible that more markers can be generated for
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rusts resistance if more and extensive SSR primers were used. At least, the SSR
markers developed from this study could be consequently be used in any further
study to identify rusts resistance genotypes in wheat which could be used to
enhance breeding programs aimed to improve their rusts resistance. This concept
has been advocated by several investigators who stated that molecular markers
have several advantages over the traditional phenotypic markers that were
previously available to plant geneticists. They offer great scope for improving the
efficiency of conventional plant breeding by carrying out selection not directly on
the trait of interest but on molecular marker linked to that trait. In addition, this
approach is more reliable, environment independent, reproducible, rapid and cost-

effective which can reduce the required time for wheat breeding programs.
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SUMMARY

5-SUMMARY

In the present study, the field work was conducted at the Experimental Farm
of Sakha Agricultural Research Station during the period from 2014/2015 to 2016/
2017. In addition, the molecular study was conducted at Genetic Engineering and
Tissue Culture Lab., accredited based on 1SO 17025:2005, Genetics Department,
Faculty of Agriculture, Kafrelsheikh University.

The main objectives of this study can be defined in the following points: -

1. Studying the nature of inheritance of stripe and stem rusts disease resistance

caused by Puccinia striiformis and Puccinia gramenis f.sp. tritici, respectively.

2. Studying the natural inheritance of some agronomic traits including grain yield

and its components.

3. Detection of SSR markers associated with strip and/or stem rusts resistance in

studied breed wheat crosses.

In 2014/2015 season, six parental wheat genotypes, i.e., Line 1, Line 2, Misr
1, Shandweel 1, Sakha 94 and Sakha 95 were sown to produce the following
crosses, (Line 1 x Misr 1), (Line 2 x Sakha 95), (Shandweel 1 x Misr 1), (Sakha 94
x Misr 1) and (Sakha 94 x Sakha 95).

In 2015/2016 season, the parents and the five obtained F;’s were sown to

produce F, seeds of the five crosses and two their backcrosses (BC; and BC,).

In 2016/2017 season, all six generations of each cross [the two parents, F;,
F, BC;and BC,] were sown in a randomized complete block design with three

replications. All recommended culture practices were applied at the proper time.
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The experiment was surrounded by highly susceptible wheat cultivars to rusts as a

spreader.

The data were recorded for; stripe and stem rust diseases, days to heading,
days to maturity, plant height, number of spikes/plant, number of kernels /spike,
100 kernels weight and grain yield/plant. The following statistical and genetical
parameters were estimated for different traits: mean, variances, standard deviation,
type of gene actions (by using generation mean and generation variance methods)
heterosis, inbreeding depression, potency ratio, heritability estimates and predicted
genetic advance from the selection. Finally, nature of inheritance of resistance to

stripe and stem rust diseases were estimated by using chi-square (X?) test.
The obtained results could be summarized as follows:

Agronomical experiments

A-Agronomic traits

1. The F; mean values exceeded the mid-parent for grain yield/plant for the first
(Line 1 x Misr 1), third (Shandweel 1 x Misr 1) and fourth (Sakha 94 x Misr

1) crosses detecting the presence of dominance towards the better parent.

2. The variances of the non-segregating populations (P;, P, and F;) were the
lowest than those of segregating populations (F,, BC; and BC,). This
indicates that they were more homogeneous than the F, and both B.C

populations which showed greater variances.

3. The fifth cross (Giza 171 x Misr 2) was the best for all the studied traits.
Consequently, it would be interested in breeding programmes for improving

traits for yield and its components,

4. Heterosis estimates relative to mid-parent and the better parent for grain
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yield per plant were positive and highly significant for the first (Line 1 x
Misr 1), third (Shandweel 1 x Misr 1) and fourth (Sakha 94 x Misr 1)

Crosses.

5. Highly significant negative heterosis (desirable) relative to mid-parent and a
better parent for the first (Line 1 x Misr 1), second cross (Line 2 x Misr 1)

and third (Shandweel 1 x Misr 1) crosses for days to maturity.

6. Some percentages of inbreeding depression of grain yield per plant were
positive; this was logic since the expression of heterosis in F; will be

followed by a considerable reduction in F, generation.

7. For grain yield per plant, potency ratio values were more than unity
indicating the presence of over dominance for all the studied crosses except
for the second (Line 2 x Sakha 95) and fifth (Sakha 94 x Sakha 95) crosses
which had value less than unity, indicating the presence of partial dominance

for this trait in these crosses.

8. Dominance effects are several times larger than additive one in most crosses,
this might indicate that dominance gene effects play the major role in
controlling the genetic variation of most studied characters. Also, genetic
interaction components were important in the inheritance of grain yield and

its components and the other studied traits.

9. Additive genetic variance (1/2D) was greater than that of dominance
variance (1/4H) in all the studied crosses for days to heading, days to
maturity, number of spikes per plant, 100- kernel weight as well as for plant
height except the third cross (Shandweel 1 x Misr 1), indicating that the
selection for these traits might be more effective in an early generation for

Improving such traits in our studied crosses.

111




SUMMARY

10. Heritability estimates in a broad sense were high for all the studied traits in
all crosses, ranged from 92.41% for plant height in the fourth cross (Sakha
94 x Misr 1) to 99.82% for number of kernels/spike in the first (Line 1x Misr

1) and second (Line 2x Sakha 95) crosses.

11. Heritability estimates in narrow sense were low to relatively high for all the
studied traits in all crosses, the best cross was the fifth one (Sakha 94 x
Sakha 95) where it showed high values of narrow sense heritability and
predicted genetic advance under selection for grain yield and some of its

component so using it in a breeding program will be useful.
B-Inheritance of resistance to stripe and stem rust diseases

1. All crosses exhibited highly significant negative heterotic effects relative to
mid-parent and a better parent for the stripe and stem rusts except the fifth
cross (Sakha 94 x Sakha 95) which had highly significant positive

(undesirable) relative to the mid-parent.

2. highly significant negative inbreeding depression was found for stripe rust in
five studied crosses. Moreover, highly significant negative inbreeding
depression was found for stem rust in all studied crosses except for the first
(Line 1 x Misr 1) and fifth (Sakha 94 x Sakha 95) crosses which had highly

significant and positive values.

3. Moreover, over dominance and partial dominance ranges were found for

most cases either in a stripe or stem rust diseases.

4. The additive genetic component was found to be greater in its magnitude
than dominance effect in the inheritance of resistance to stripe rust disease.

While the two genetic components (additive and dominance) exhibited equal
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role and had considered magnitude in the inheritance of resistance to stem

rust disease.

5. The estimates of heritability in broad sense were very high in all studied
crosses, indicating that the phenotypic variability was mostly attributed to
genetic effects. Narrow sense heritability estimates were ranged from high to

moderate in all cases.

6. The high and desirable values of heritability in narrow sense for the two
diseases resistance were obtained from the second (Line 2 x Sakha 95),
fourth (Sakha 94 x Misr 1) and fifth (Sakha 94 x Sakha 95) crosses, referring
the importance role of additive gene effects for the two rust diseases.
Meanwhile, the first (Line 1 x Misr 1) and third (Shandweel 1 x Misr 1)

crosses gave moderately desirable values of heritability in narrow sense.

7. Maximum predicted genetic advances as percent of F, mean (Ag) were
achieved for stripe and stem rusts disease in the fourth cross (Sakha 94 x
Misr 1) and fifth cross (Sakha 94 x Sakha 95).

C-Molecular analysis

» Over 10 pairs of SSR primers were used to identify the polymorphism
between the stripe and stem rust resistant and the susceptible DNA bulks.
Genetic diversity analysis of six populations (P1, P2, F;, BC;, BC, and F,)
resulted from crosses Line 2 x Sakha 95 for stripe rust and Sakha 94 x Misr
1 for stem rust based on molecular markers was an important aim for this
study.

» Polymorphism patterns were observed among the studied populations for
cross Line 2 x Sakha 95. A total of five SSR primers were initially used to
establish SSR fingerprints for this cross. Only three primers successfully
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generated reproducible polymorphic and scorable bands xgwm18, xgwm501
and xgwm382. Moreover, using xgwm18, xgwm501 and xgwm 382 most of
the resistant F, plants presented the same DNA with bands size 160 bp,
165bp and 200bp, respectively. as Sakha 95 or the resistant DNA bulk did,
and most of the susceptible F, plants did not present these DNA band or
presented the same DNA band as Line 2 or the susceptible DNA bulk did.
Meanwhile, the rest primers xgwm 413 was monomorphic and primer
xgwm 44 was polymorphic but without specific band to distinguished
resistant or Susceptible parents and F..

» Polymorphism patterns were observed among the studied populations for
cross Sakha 94 x Misr 1. A total of five SSR primers were initially used to
establish SSR fingerprints for this cross. Only two primers successfully
generated reproducible polymorphic and scorable bands xwmc 453and
xgwmb533. Moreover, using xwmc 453 and xgwm533 , most of the resistant
F, plants presented the same DNA with bands size 200 bp and 120bp,
respectivily as Sakha 94 or the resistant DNA bulk did, and most of the
susceptible F, plants did not present these DNA bands or presented the same
DNA band as Misr 1 or the susceptible DNA bulk did. Meanwhile, the
primer xwmc 633 was monomorphic with band 150 bp. Also, the rest two
primers did not score any amplified bands even they were repeated twice.
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