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ABSTRACT: combining ability and heterosis studies were performed for number
of spikes per plant, spike weight, spike length, number of grains per spike, 1000-grain
weight and grain yield per plant in a diallel crosses involving five spring wheat
varieties. Genotypes, parents and the resultant ten hybrid combination mean squares
were found to be highly significant for number of spikes per plant, spike length, 1000-
grain weight and grain yield per plant except spike weight for parent mean square.
Parent vs. crosses mean square estimates were found to be significant for all traits
studied except number of grains per spike. Both general (GCA) and specific
combining ability (SCA) variances were found to be highly significant for all traits
studied. The GCA/SCA ratios were found to be greater than unity for all traits except
spike weight and 1000 grain weight. Variety Gemmieza 3 was considered to be good
general combiner for number of spikes per plant, 1000-grain weight and grain yield
per plant. The simple sequence repeat (SSRs) markers identified 53 alleles with an
average 3.12 alleles per locus. The number of alleles per locus ranged from two for
Xgwm3, Xgwm186 and Xgwm408 to five for Xgwmb513. Polymorphic information
content (PIC), a measure of gene diversity, was ranged from 0.320 for the Xgwm186 to
0.800 for Xgwm513 with an average of 0.605. The correlation coefficient between gene
diversity and number of alleles was highly significant, r = 0.899** (P < 0.01). Genetic
distances were significantly positive associated with SCA and heterosis effects for
spike weight. Genetic distances were found to be significantly negative associated
with SCA and heterosis effects for number of grains per spike. These results indicate
that the level of SCA and heterosis depends on the level of genetic diversity between
the wheat genotypes examined. Microsatellite markers were effective in predicting the
mean and the variance of SCA in various cultivars combinations. Information
generated from this study can be useful to predict hybrid for selecting parents and
hybrid development to maximize the grain yield and its components.
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INTRODUCTION

Bread wheat is the first important and strategic cereal crop for the
majority of the world’s populations as it is a major source of calories and
protein for a large segment of the world population (Harlan, 1995). In Egypt,
wheat is the most important cereal crops. Efforts have been made in the past
decade to develop high yielding, early maturing and good quality wheat


http://

K. F. M. Salem

varieties to meet the demands of a growing population. In order to improve
productivity, one of the most important steps in a breeding programme is the
choice of suitable parents. Diallel cross analysis leads to identify parents
with additive and non-additive effects for specific characteristics. Most
frequently diallel or line x tester crossing is applied (Marciniak et al. 2003;
Ahuja and Dhayal, 2007). This in turn helps in choosing parents to be
included in hybridization or population breeding programmes (Murtaza et al.
2005). Prediction of genetic diversity and GCA of parents before crossing
reduces the number of crosses and progeny to be screened and leads to a
reduction in cost and time (Kumar, 1999). In case of self-pollinated crops
these methods require a large number of manual crossings, which make
them time consuming and expensive (Sant et al. 1999; Shen et al. 2006).
Heterosis effect has been used in breeding of open-pollinated plants, such as
maize or rye. At present, hybrid breeding is also being focused on self-
pollinated plants, including wheat (Liu et al. 1999; Pomaj, 2002; Weilimann
and WeiBmann 2002). The agronomic value of wheat hybrids appears to be
promising (Oury et al. 2000). A few studies were carried out using molecular
markers such as RFLP, RAPD or SSR markers, but no clear relationship
between molecular diversity and heterosis was observed (Liu et al. 1999;
Corbellini et al. 2002; Dreisigacker et al. 2005). Molecular markers based on
DNA analysis are independent of environmental factors and exhibit a high
degree of polymorphism. Moreover, they appear to be a promising tool in the
prediction of heterosis in other species, for example in maize (Boppenmaier
et al. 1992; Melchinger et al. 1992), rice (Zhang et al. 1996), wheat (Martin et
al. 1995), rape (Sheng et al. 2002) or oat (Moser and Lee 1994). DNA markers
are most suitable for genetic diversity estimations (Plaschke et al. 1995; Sun
et al. 2003). In wheat, the initial studies used DNA molecular markers found a
significant relationship between genetic distances (GD) and heterosis for
grain weight Martin et al. (1995). Barbosa-Neto et al. (1996) showed the
occurrence of a weak relationship between GD based on RFLP and heterosis
effects. In turn, Corbellini et al. (2002) investigated the relationship between
genetic similarity and GCA and SCA for yield and its components in wheat
and found it unfeasible to apply these relationships to predict heterosis
effects. Currently, simple sequence repeats (SSRs), is the most suitable
marker system in wheat. They allow an even coverage of the genome,
abundant, genome specific, co-dominant in nature and have been used to
characterize genetic diversity in advanced wheat breeding materials
(Dreisigacker et al. 2004, Réder et al. 2002). The objectives of this study were
as follows to: (i) assess genetic diversity based on SSRs markers among
some bread wheat genotypes; (ii) estimate GCA, SCA and heterosis effects
and (iii) examine the relationship between genetic distance based on SSR
markers with SCA and heterosis effects of all traits studied.
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MATERIALS and METHODS

Plant materials

Five bread wheat varieties were used in this study Gemmieza 10,
Gemmieza 3, Seds 4 from the Agriculture Research Center (ARC), Giza,
Egypt, ATRI 9890 and ATRI 11712 from Institute of Plant Genetics and Crop
Plant Research (IPK), Gatersleben, Germany. The name, origin and pedigree
(if known) are presented in (Table 1). A 5 x 5 half diallel (without reciprocal)
mating system by hand emasculation and pollination was followed to obtain
ten hybrids.

Table (1): Name, Origin and pedigree of five bread wheat varieties

No Name Origin Pedigree

1 Gemmieza 10 Egypt Maya 74 “s”/On//1160-147/3/Bb/4/Chat” s” /5/Ctow

2 Gemmieza 3 Egypt Bb/7C*2//Y50/Kal*3//Sakha8/4/Prv/WW/5/3/Bg”s” //On
3 Seds 4 Egypt Maya“s” /Mons//ICmh74A-592/3/Gizal57°

4 ATRI 9890 Germany No data

5 ATRI 11712 Pakistan No data

Field experiments

A half diallel set of crosses involving five bread wheat varieties was
carried out in 2006/2007 growing season. The parents and ten F1 crosses
were evaluated at the Agricultural Research Station, Faculty of Agriculture,
Menoufiya University, Egypt during the wheat growing season 2007/2008.
The experiment was arranged in a randomized complete block design
(RCBD), with three replicates. Each plot comprised two rows, 3 meters long,
with 30 cm between rows and 10 cm within rows. Ordinary cultural practices
for bread wheat production were applied. At maturity, ten guarded plants
were selected at random from each plot for subsequent character as follows:
number of spikes per plant, spike length (cm), spike weight (gm), number of
grains per spike, 1000-grain weight (gm) and grain yield per plant (gm).

Molecular analysis

Genomic DNA isolation

Total genomic DNA was extracted from leaf tissue per each variety. Young
leaves from eight-weeks-old plants were cut as tissue samples for DNA
extraction. DNA was isolated from these genotypes according to (Plaschke et
al., 1995).

Microsatellite marker

Microsatellite name, chromosomal location, motif, annealing temperature
(Tm °C) and fragment size in CS (bp) were presented in Table (2). Since the
information on allele sizes of ‘Chinese Spring’ (CS) is available (Huang et al.
2002), this cultivar has been used as a reference. Microsatellite
amplifications were carried out as reported by Réder et al. (1998).
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Table (2): Description of 17 wheat microsatellite, their chromosomal location,
motif, annealing temperature and fragment size

No Microsatellite Chromosomal Motif Annealing Fragment sizein
location Tm (°C) CS (bp)
1 Xgwm3 3DL (CA)18 55 79
2 Xgwmil8 1BS (CA)17GA(TA)4 50 183
3 Xgwm46 7B (C) (GA)3GC(GA)33 60 179
4 Xgwm95 2AS (AC)16 60 122
5  Xgwmi55 3AL (CT)19 60 144
6 Xgwm160 4AL (GA)21 60 182
7 Xgwm165 4AS, 4BL, 4DL (GA)20 60 190
8 Xgwm186 5AL (GA)26 60 135
9  Xgwm190 5DS (CT)22 60 209
10 Xgwm261 2DS (CT)21 55 189
11  Xgwm389 3BS (CT)14 (GT)16 60 129
12 Xgwm408 5BL (CA)>22(TA)(CA)7(TA)9 55 173
13 Xgwm437 7DL (CT)24 50 107
14  Xgwm458 1D (C) (CA)13 60 112
15  Xgwmb13 4BL (CA)12 60 140
16  Xgwm631 7AS (GT)23 60 196
17  Xtaglgap 1BS (CAA)31 60 282

SSRs marker analysis

Seventeen simple sequence repeats (SSRs) markers developed by Roder
et al. (1998) were selected for genotyping on the basis of their known
chromosomal location to give a uniform coverage for all three wheat
genomes A, B and D (Table 2). Microsatellite name, chromosomal location,
motif, annealing temperature (Tm, °C) and fragment size in CS (bp) were
presented in (Table 2). Microsatellite analysis was performed as described by
Roder et al. (1998). Polymerase chain reactions (PCR) were performed
according to Devos et al. (1995) and Réder et al. (1998).

Statistical analysis

Better-parent heterosis (BPH) for each trait of individual cross was
expressed as percentage increase of the F1 performance above the better
parent (BP) performance (Mather 1949). The general (GCA) and specific
combining ability (SCA) analysis were computed according to Griffing (1956)
designated as Method 2, Model 1.

To measure the informativeness of the Gatersleben wheat microsatellite
(Xgwm) markers, the polymorphic information content (PIC) for each Xgwm
marker was calculated according to the formula of Nei (1973):

k
PIC =1—z Pi2 , where k is the total number of alleles detected for a locus
=1
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of a marker and Pi is the frequency of the ith allele in the set of five varieties
investigated (Botstein et al., 1980). For genetic similarity estimates and
cluster analysis, the allelic data were converted to a binary format, with the
presence of a specific allele scored as unity and its absence as zero. Genetic
similarities were estimated from the allele binary format dataset using the
Dice method (Nei and Li 1979). The binary data were used to compute pair
wise similarity coefficients and the similarity matrix obtained was subjected
to cluster analysis using the unweighted pair group method of arithmetic
average (UPGMA) algorithm on NTSYS-pc version 2.1 software package
(Rohlf, 2002). The data were used to examine the relationships between the
number of alleles Vs. the gene diversity. Correlation coefficient genetic
distance (GD) with heterosis and SCA were calculated according to (Zar,
1999).

Results and Discussion

The genotypes mean performances for the traits studied are given in
Table (3). Genotypes, parents and the resultant ten hybrid combination mean
squares were found to be highly significant for number of spikes per plant,
spike length, 1000-grain weight and grain yield per plant except spike weight
for parents mean square, which indicate overall differences among these
populations (Table 4).

Table (3): Mean performances for yield and its components characters of
parental genotypes and their hybrids evaluated in 2007/2008
growing season.

No. of Spike Spike No. of 1000 Grain

Genotypes spikes/  weight length grains/ grain yield/

plant (gm) (cm) spike weight plant

(gm) (gm)

GemmeizalO 16.07 3.91 12.47 70.00 37.15 63.77
Gemmeiza3 12.03 4.53 13.41 74.74 39.74 48.66
Seds 4 3.13 4.00 18.29 94.83 39.70 15.74
ATRI9890 10.03 4.52 12.38 74.70 39.23 39.77
ATRI11712 14.45 4.16 11.01 71.24 38.27 52.11
Gemmeizal0 x Gemmeiza3 18.87 4.39 15.51 77.70 41.93 74.88
GemmeizalO x Seds 4 15.15 5.18 15.53 79.55 40.82 69.00
GemmeizalO xATRI9890 17.82 4.61 16.48 79.51 41.35 74.00
GemmeizalOXATRI11712 16.00 4.34 13.15 75.88 40.60 63.00
Gemmieza 3 x Seds 4 16.15 5.12 16.41 80.66 41.77 76.33
Gemmieza 3 x ATRI9890 13.90 5.53 14.41 80.83 43.27 70.11
Gemmeiza3 x ATRI11712 15.25 5.61 13.43 78.22 42.54 76.22
Seds 4 x ATRI9890 9.47 6.03 17.05 80.47 41.80 55.97
Seds 4 x ATRI11712 9.57 5.57 14.72 77.14 41.67 48.02
ATRI9890 x ATRI11712 10.65 5.87 13.87 77.33 42.27 58.33
L.S.D at 0.05 2.84 0.58 2.22 5.11 0.64 14.05
L.S.D at 0.01 3.82 0.79 3.03 6.89 0.87 18.92
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Table (4): Mean square estimates of ordinary and combining ability analysis
for grain yield and its components characters of the diallel cross
evaluated in 2007/2008 growing season.

S.0vV d.f. No. of Spike Spike No. of 1000 Grain

spikes/ weight length grains/ grain yield/

plant spike weight plant

Rep. 2 0.004 0.10 0.36 3.65 0.002 18.24
Genotypes 14 50.30** 1.49%* 11.98** 95.49** 8.59** 827.44*
Parents 4 76.13** 0.25 23.62** 307.83* 3.66** 971.04*
Crosses 9 33.46** 1.10% 5.50** 8.79 1.85%* 289.39**
Heterosis 1 98.58** 10.01** 23.78** 26.47 88.99** 5095.55**
G.CA 4 115.57* 1.35%* 29.47* 222.53* 6.27* 1099.64**
S.CA 10 24.19** 1.55% 4.99** 44.68** 9.52** 718.57*

Error 28 2.88 0.12 1.57 9.35 0.15 70.52

G.C.A/S.C.A 4.78 0.87 5.90 4.98 0.66 1.53

*and **, significant at 0.05 and 0.01 levels of probability, respectively.

Concerning number of grains per spike, the Genotypes, parents mean
squares were found to be highly significant. Parent Vs. crosses mean square
estimates were found to be significant for all traits studied except number of
grains per spike.

I. Heterosis:

Heterosis effects evaluated in relation to better-parent values are
presented in Table (5). These effects were observed in all the traits studied
but the degree of heterosis showed variation from trait to trait. High positive
values of heterosis would be of interest in most traits under investigation
from the wheat breeder's point of view.

Table (5): Percentages of heterosis over better parents for grain yield and its
components characters.

No. of Spike Spike No. of 1000 Grain
Genotypes spikes/  weight length grain/ grain yield/
plant spike weight plant
Gemmeizal0 xGemmeiza3 17.42*  -3.16** 15.68** 3.96 5.51** 17.43*
GemmeizalO x Seds 4 -5.70*  29.74**  -15.09**  -16.11** 2.84** 8.20
GemmeizalO xATRI9890 10.89** 1.92** 32.16** 6.46* 5.41** 16.04*
GemmeizalO xATRI11712 -0.46 4.41* 5.43** 6.52* 6.10** -1.21
Gemmieza 3 x Seds 4 34.25**  12.95**  -10.28**  -14.94** 5.12** 56.86**
Gemmieza 3 x ATRI9890 15.52*  22.08** 7.43** 8.14** 8.87** 44.07**
Gemmeiza3 x ATRI11712 5.54** 23.84** 0.15 4.66 7.05** 46.29**
Seds 4 x ATRI9890 -5.62**  33.33** -6.80** -15.14** 5.32** 40.74**
Seds 4 X ATRI11712 -33.75**  33.97**  -19.54**  -18.66** 5.00** -7.86
ATRI9890 x ATRI11712 -26.27**  29.94** 12.10** 3.53 7.75%* 11.94
L.S.D at 0.05 2.84 0.58 2.09 5.12 0.65 14.05
L.S.D at 0.01 3.82 0.79 2.82 6.89 0.87 18.92

*and **, significant at 0.05 and 0.01 levels of probability,
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For number of spikes per plant, five hybrid combinations had significantly
more spikes per plant than their respective better parents. This useful
heterosis ranged from 5.54% to 34.25%. Also, for spike weight, nine out of
the ten hybrid combinations investigated exhibited significant useful
heterotic effects. This heterosis ranged from 1.92% to 33.97% over better
parent. With regard to spike length, five crosses had significantly longer
spikes than their respective better parents. This useful heterotic effects
ranged from 5.43% to 32.16%. For number of grains per spike, three hybrid
combinations showed significant heterosis in comparison with their
respective better parent which ranged from 6.52% to 8.14% over better
parent. Concerning 1000-grain weight, all hybrid combinations showed
significant heterosis in comparison with their respective better parent which
ranged from 2.84% to 8.87%. As for grain yield per plant, six out of the ten
hybrid combinations studied exhibited significant useful heterotic effects
which varied from 17.43% to 56.86% over better parent. Similar results were
obtained by Hendawy et al. 1993.

[I. Combining ability:

Both general and specific combining ability variances were found to be
highly significant for all traits studied (Table 4). This indicate the importance
of both additive and non-additive genetic variances in determining the
performance of these characters. The GCA/SCA ratios were found to be
greater than unity, indicating that additive and additive x additive types of
gene action were greater importance in the inheritance for number of spikes
per plant, spike length, number of grains per spike and grain yield per plant.
For the other two attributes, i.e. spike weight and 1000 grain weight,
GCAJ/SCA ratios were found to be less than unity, indicating that non-additive
genetic variances were of greater importance in the inheritance of these two
traits. It is therefore could be concluded that selection procedures based on
the accumulation of additive effect would be successful in improving these
six characters. However, to maximize selection advance, procedures which
are known to be effective in shifting gene frequency when both additive and
non-additive genetic variance are involved, would be preferred. The results
are in accordance with Abul-Nass, et al., 1986; Hendawy et al. 1993; El-
Hennawy et al. 1991 and Rizwan and Khan, 2000.

Estimates of the general combining ability effects (gi) for the parental
lines in each trait are presented in Table (6).

High positive general combining ability effects would be of interest in most
traits under investigation. The two Egyptian wheat varieties Gemmieza 10
and Gemmieza 3, showed significantly positive GCA effects for number of
spikes per plant, proving to be good combiner in this concern. With regard to
spike weight, only the wheat variety ATRI 9890, showed significantly positive
value of GCA effects, revealing that this wheat variety could be considered
as good combiner for this trait. The Egyptian wheat variety Seds 4 exhibited
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significantly positive GCA effects for spike length and number of grains per
spike, proving to be excellent combiner for these trait. The two wheat
varieties Gemmieza 3 and ATRI 9890 showed significantly positive GCA
effects for 1000-grain weight, proving to be good combiners in this trait. For
grain yield per plant, the two Egyptian wheat varieties Gemmieza 10 and
Gemmieza 3 showed significantly positive general combining ability effects.
The combining ability effects in wheat has been previously described
(Perenzin et al. 1998, Esmail, 2002; Shoran et al. 2003; Topal et al. 2004;
Esmail, 2007).

Table (6): Estimates of general combining ability effect for the parental
genotypes for grain yield and its components characters in diallel
cross evaluated in 2007/2008 growing season.

Genotypes No. of Spike Spike No. of 1000 Grain yield/
spikes/ weight length grain/ grain plant
plant (gm) (cm) spike weight (gm)
(gm)

GemmeizalO 8.81** -1.29** -0.70 -7.06** -2.50** 23.17*

Gemmeiza3 3.77* 0.15 -0.28 -0.95 1.78** 17.36**

Seds 4 -9.78** 0.23 5.59** 16.44** 0.26* -31.52**
ATRI9890 -3.22** 0.74* -0.30 -0.68 0.99** -7.03*
ATRI11712 0.41 0.16 -4.31* -7.74* -0.52 -1.97
L.S.D at 0.05 1.14 0.24 0.84 2.05 0.25 5.63
L.S.D at 0.01 1.53 0.87 1.13 2.76 0.35 7.59

*and **, significant at 0.05 and 0.01 levels of probability, respectively.

Specific combining ability effects (Si) for the parental combinations in
each trait are presented in Table (7). Four of the ten hybrid combinations
studied showed significantly positive SCA effects for number of spikes per
plant. Three of these superior four crosses was found to show useful
heterosis (Table 5). It is of interest to mention that the two varieties
Gemmieza 10 and Gemmieza 3 were found to be an excellent combiner for
number of spikes per plant, therefore, the hybrid combination Gemmieza 10 x
Gemmieza 3, Gemmieza 10 x Seds 4, Gemmieza 10 x ATRI 9890 and
Gemmieza 3 x Seds 4 could be of practical importance in a breeding
programme for developing either hybrid wheat or pure lines since it had
significant SCA effect for the trait in view and contained a good combiners
(Table 6).

For spike weight, six hybrid combinations exhibited highly significant
SCA effects. The two hybrid combinations Gemmieza 3 x ARTI 9890 and
ARTI 9890 x ATRI 11712 showed significant positive useful heterosis (Table
5). Also, the wheat variety ARTI 9890 proved to be a good combiner for spike
weight. This cross could be of practical importance in a breeding programme
since it had significant SCA effect for the trait in view and contained a good
combiners. For spike length, three hybrid combinations (Gemmieza 10 x
Gemmieza 3, Gemmieza 10 x ATRI 9890 and ATRI 9890 x ATRI 11712)
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exhibited significant SCA effects. The hybrid combination Gemmieza 10 x
ATRI 9890 showed useful heterosis (Table 5) and could be exploited in wheat
breeding programme to obtained a long spike varieties.

Table (7): Estimates of specific combining ability effects for the hybrids for
grain yield and its components characters

No. of Spike Spike No. of 1000 Grain

Genotypes spikes/ weigh  length grains/ grain yield/

plant t spike weight plant

Gemmeizal0 x Gemmeiza3 4.31* -0.38 3.90** 6.55* 4.09** 6.95
GemmeizalO x Seds 4 6.71** 1.92** -1.93 -5.29 2.27% 38.17*
GemmeizalO xATRI9890 8.16** -0.30 6.81** 11.72** 3.15* 28.67**
GemmeizalOXATRI11712 -0.95 -0.52 0.83 7.90%* 2.41% -9.39
Gemmieza 3 x Seds 4 14.74** 0.29 0.30 -8.06** 0.86* 65.98**
Gemmieza 3 x ATRI9890 1.43 1.02** 0.18 9.55% 4.61** 22.82**
Gemmeiza3 x ATRI11712 1.85 1.84* 1.27 8.80** 3.94* 36.08**
Seds 4 x ATRI9890 1.69 2.43* 2.22 -8.91** 1.73* 29.30**

Seds 4 x ATRI11712 -1.62 1.65** -0.75 -11.85** 2.86%* 0.36

ATRI9890 x ATRI11712 -4.94** 2.04** 2.59* 5.85* 3.92* 6.81
L.S.D at 0.05 3.12 0.64 2.30 5.63 0.71 15.45
L.S.D at 0.01 4.20 0.87 3.10 7.58 0.96 20.80

*and **, significant at 0.05 and 0.01 level of probability, respectively.

With regard to number of grains per spike, six hybrid combinations
exhibited significant SCA effects. The best hybrid combinations were
Gemmieza 10 x ATRI 9890 and followed by Gemmieza 3 x ATRI 9890 showed
significantly SCA effects and high parent hetrotic effects (Table 5).
Concerning 1000 grain weight, all hybrid combination showed significant
SCA effects and useful heterosis. Also, three wheat varieties Gemmieza 3,
Seds 4 and ATRI 9890 proved to be good combiners for 1000 grain weight
(Table 6). The crosses included these parents could be of practical
importance in a breeding programme. As for grain yield per plant, six out of
the ten hybrid combinations studied showed highly significant positive SCA
effects. Also, five of these six superior crosses exhibited useful heterosis
(Table 5). These hybrid combinations could be of practical importance in a
breeding programme since it had significant SCA effect for the trait in view
and contained a good combiners.

The result obtained here concerning GCA and SCA effects could indicate
that the excellent hybrid combinations were obtained for crossing good by
good, good by low and low by low combiners. Consequently, it could be
concluded that GCA effects of the parental lines were generally unrelated to
the SCA estimates of their respective crosses. This finding was also found
by Hendawy, 1989; Esmail, 2002 & 2007.
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lll. Genetic diversity and distances

A total of 53 alleles were detected by the 17 simple sequence repeats
(SSRs) markers on the five bread wheat genotypes from different origin. The
number of alleles per locus ranged from two for Xgwm3, Xgwm186 and
Xgwm408 to five for Xgwmb513 with an average number of 3.12 alleles per
locus (Table 8).

Table (8): Description of 17 wheat microsatellite, their position, size range of
alleles, number of alleles and gene diversity.

No SSRs Chromosomal Fragment size Number Gene
location of alleles diversity
Min Max
Allele Allele

1.  Xgwm3 3DL 77 84 2 0.480
2. Xgwm1l8 1BS 182 190 3 0.625
3. Xgwm46 7B (C) 147 186 4 0.720
4. Xgwm95 2AS 109 122 3 0.560
5. Xgwm155 3AL 129 147 3 0.640
6. Xgwm160 4AL 177 184 4 0.720
7.  Xgwml65 4AS, 4BL, 4DL 187 197 3 0.560
8. Xgwm186 5AL 126 130 2 0.320
9.  Xgwm190 5DS 204 212 3 0.640
10. Xgwm261 2DS 165 192 3 0.625
11. Xgwm389 3BS 119 132 3 0.640
12. Xgwm408 5BL 180 182 2 0.480
13.  Xgwm437 7DL 91 130 4 0.720
14. Xgwm458 1D 109 122 3 0.560
15. Xgwm513 4BL 141 149 5 0.800
16. Xgwm631l 7AS 190 200 3 0.560
17. Xtaglgap 1BS 235 280 3 0.640

Total 53 10.29

Mean 3.12 0.605

Different number of alleles has been detected in wheat using SSRs
markers. Huang et al. (2002) reported an average allele number of 18.1 in 998
gene bank accessions of hexaploid wheat originated from 68 countries of
five continents. Khlestkina et al. (2004) found an average allele number of 6.6
in 54 Siberian old and modern common spring wheat varieties. Roussel et al.
(2005) reported an average allele number of 16.4 in 480 wheat varieties
originating from 15 European geographical areas and released from 1840 to
2000. Salem et al. (2008) detected an average of 3.2 alleles in seven wheat
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varieties. Mattar (2009) detected an average of 4 alleles in eleven wheat
varieties. In the present study, the average number of allele was 3.12 in five
wheat varieties. The value obtained here was lower than most previous
results, but it was comparable with results obtained by (Stachel et al. 2000),
they found 4.8 alleles per locus in wheat varieties and close to results
obtained by Salem et al. (2008) when studied the genetic diversity in seven
bread wheat varieties (3.2 alleles per locus).

To assess the genetic diversity of wheat varieties, marker data were
converted into binary matrix, which in turn allowed to calculate the genetic
similarity index. A dendrogram was created with the use of these data (Fig.
1). The consensus tree showed that the five wheat varieties were divided into
two main groups, the first group included the two exotic wheat varieties ATRI
11712 and ATRI 9890. The second main group included the three Egyptian
wheat varieties and was divided into two sub-groups. The first sub-group
included the two wheat varieties Gemmieza 3 and Seds 4. The second sub-
group included Gemmieza 10.

ATEIT1712

ATRIZES0

| Gerrniza3

|Seds4

Gemmizall

T T T T 1
023 027 03z 037 041
Coeffirient

Fig. (1): Cluster analysis of genetic distance for five bread wheat varieties

Polymorphic information content (PIC), a measure of gene diversity, for
the 17 SSRs was ranged from 0.320 for the Xgwm186 to 0.800 for Xgwm513
with an average of 0.605 (Table 8). Results revealed that, the value of gene
diversity increased with the increasing number of alleles at a given locus
(Fig. 2). There was significant correlation between gene diversity and the
number of alleles (r = 0.899**, P < 0.01). Therefore the number of alleles can
be used for the evaluation of genetic diversity. Our results agree with those
of Huang et al. 2002; Salem et al. 2009; Salem and Mattar, 2009 and Mattar
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2009 who reported that the PIC value was correlated with the number of
alleles and did not agree with those of Prasad et al. (2000).

Number of alleles
N
*
*

0 0.2 0.4 0.6 0.8 1

Gene diversity

Fig. (2): Relationship between gene diversity and the number
of alleles detected at 17 microsatellite loci.

A genetic distance (GD) matrix based on all possible pairs of lines ranged
from 11.1% to 41.2% (Table 9). This result mean that the variation was high.
The lowest pair wise GS value was between the German wheat variety ATRI
9890 and the Egyptian wheat variety Seds 4 (0.111), while the highest value
(0.412) was between the two Egyptian wheat varieties Seds 4 and Gemmieza
3 (Table 9). Nei's genetic distance (GD) was measured using the 53
polymorphic SSR alleles. Genetic distance within the wheat varieties was
significantly different.

Table (9): Genetic similarity estimates for 5 wheat varieties based on 17 SSRs
markers analysis

Variety ATRI ATRI Gemmieza 3 Seds Gemmieza 10
11712 9890 4
ATRI 11712 1.00
ATRI 9890 0.343 1.00
Gemmieza 3 0.363 0.235 1.00
Seds 4 0.228 0.111 0.412 1.00
Gemmieza 10 0.182 0.235 0.250 0.353 1.00

[lll. Relationship of hybrid SCA and heterosis with genetic
distance
Correlation coefficients between GD and SCA effects are presented in
Table (10). Genetic distance was significantly positive correlated with SCA
for spike weight. GD was significantly negative correlated with SCA for
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number of grains per spike. No correlations were found between GD and SCA
for number of spike per plant, spike length, 1000 grain weight and grain yield
per plant.

Table (10): Correlation coefficient between genetic distance of the materials
studied with specific combining ability and heterosis effects in
grain yield and its components characters

No. of Spike Spike No. of 1000 Grain yield/
spikes/ weight length grains/ grain plant
plant spike weight
SCA -0.06 0.47** 0.09 -0.44** -0.26 0.05
Heterosis -0.34** 0.31** -0.19 -0.47** -0.50** -0.13

*and **, significant at 0.05 and 0.01 level of probability, respectively.

Similarly, heterosis effects was significantly positive correlated with GD
only in the case of spike weight. GD was significantly negative with heterosis
effects for number of spike per plant, number of grains per spike and 1000
grain weight. No correlation was found between GD and heterosis effects for
spike length and grain yield per plant. Results recorded for yield and its
components traits are promising for practical purposes. It is of interest that
in heterosis breeding the effectiveness of choosing pairs of parental
genotypes based on GD and SCA effects may be similar. The GD between
cultivars may be defined on the basis of molecular markers (Shamsuddin
1985; Melchinger et al. 1990; Diers et al. 1996).

In conclusion, this study indicated that the SSRs are very effective
molecular markers for genotype identification and for estimation the genetic
diversity among Egyptian and exotic wheat varieties. It concludes that on the

basis of microsatellite markers, diverse parents can be selected. Results

recorded in this study may contribute to the development of an effective
method to select components for heterosis, combining ability of both
guantitative and molecular breeding.
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