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ABSTRACT: Six varieties of bread wheat were crossed in half diallel analysis. The fifteen F1’s and
their parents were evaluated. The experiment in a randomized complete block design with three
replications at the Experimental farm, Faculty of Agriculture, Menoufia University Shebin El — Kom,
Egypt during 2020/2021. The results cleared that genotypes, parents and the resultant fifteen crosses
mean squares were found to be highly significant for all traits studied. Parent vs. crosses mean squares as
an indication to average heterosis over all crosses were found to be highly significant for all traits studied.
Variance of general combining ability was found to be highly significant for all traits studied. The
parental variety Shandaweel-1 proved to be good general combiner for grain yield per spike and grain
yield per plant. Also, Giza-171 was good general combiner in heading date, grain yield per spike. The
most desirable SCA effects for grain yield per plant were detected by the seven hybrids i.e. Shandaweel-1
x Giza-171, Shandaweel-1 x Misr-3, Giza-171x Misr-3, Misr-3 x Sakha-95, Sakha-95 x Sids-1, Sakha-
95 x Morocco and Sids-1 x Morocco. Desirable and significant useful heterosis for grain yield per plant
was detected in all 15 Fy's. The results show the dendogram on the basis of the molecular parameters on
two groups and on the basis of the crop characteristics on three main groups and they were not identical,
which indicates the existence of morphological and molecular differences between the varieties. The
study indicates that the molecular parameters and yield characteristics can be used successfully in
estimating the genetic diversity in wheat.
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INTRODUCTION and a true grasp of genetic traits for various
qualities is helpful in deciding on an acceptable
breeding system. The ability of parents (GCA)
and hybrids (SCA) to combine traits is used to
determine the type of gene activity involved in
feature inheritance. Heterosis depends on the
balance of different combinations of gene effects
as well as on distribution of plus and minus
alletes in the parents of the mating system. In
self-pollinated crops, like wheat, the scope for
utilization of heterosis depends mainly upon the
direction and magnitube of heterosis. The
economic feasibility of hybrid wheat would be
considerably improved if sufficient heterosis
were retained in the F1 generation to render its
production value. The segregation that occurs in
an F2 generation could, however, cause
problems. Better information could be obtained
when both F; and F, generations are compared at
the same year (Ali et al., 2020). Tolerance to
biotic and abiotic stress in crops necessitates a

Wheat (Triticum aestivum L.) is one of the
most important crops, with an annual production
of about 8 to 9 million tons while our needs vary
between 15 to 16 million tons, accordingly the
self-sufficiency is 54% only (FAO., 2020). The
Egyptian government's main goal is to close the
gap between wheat output and consumption. The
use of a plant breeding programme is critical for
producing a productive wheat harvest.
Cultivation of crops with various genetic
backgrounds is an efficient technique for crop
enhancement  maintenance and  weakness
reduction. Combining ability analysis is one of
the most effective approaches for finding the best
combiners to utilize in crosses. It also helps
breeders comprehend the genetic architecture of
different qualities, allowing them to create an
effective breeding plan for future material
enhancement. Estimates of general and specific
combining ability can aid with parent selection,
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high level of genetic variation. The genetic
diversity is critical in crop breeding projects,
because they are abundant and independent of
environmental effects, molecular markers are
useful companions to morphological and
molecular characterization. They allow cultivar
identification in the early stages of development
(Caboet al., 2014). Collard and Mackill (2009)
have described Start Codon Targeted (SCoT)
Polymorphism, a simple and innovative DNA
marker approach. The 18-mer marker is used in
this procedure.PCR products are resolved using
normal agarose gel electrophoresis and a single
primer in PCR with an annealing temperature of
50C. The primers are simple to construct since
they are based on the conserved region
surrounding the translation initiation codon and
therefore do not require genomic sequence
information. Furthermore, this technique is
suitable for analysing genetic diversity in
different crops due to high repeatability and
polymorphism, as well as being very informative
(Abdel-Lateifet al., 2018). The primary purpose
of the study was to determine the genetic
variability of the six cultivars employed (Giza-
171, Sids-1, etc.).

MATERIALS AND METHODS

Experimental procedures

This investigation was carried out at the
Experimental Farm, Faculty of Agriculture,
Menoufia University, Shebin EI-Kom, Egypt
(latitude 30°31’39’°N, longitude 31°04’03’’E)

during the two growing successive seasons of
2018/2019 and 2020/2021. Six varieties of spring
wheat representing a wide range of diversity for
several agronomic traits were selected for this
study. The names, pedigree and origin of these
varieties are presented in Table (1).

The aforementioned genotypes were used in a
diallel fashion without reciprocals giving a total
of 15 F; crosses during 2018/2019 growing
season. In 2020/2021 season, all parents, their
F1's were evaluated.

All genotypes were grown under normal
condition and normal agriculture practices were
applied as usual for ordinary wheat fields in the
area. The expirment was laid a randomized
complete blocks design (RCBD) with three
replications in rows with 3 m long and 20 cm
between rows and 10 cm between plants within
rows. Observation were recorded on 10 garded
plants from each plot of parents and F.

Measurements:

Heading date (day), maturity date (day), plant
height (cm), Grain yield per spike (g),1000-
grain weight (g) and grain yield per plant (g).

Statistical procedures:

The analysis of variance for combining
ability and estimation of genetic effects was done
following the technique of (Grifing, 1956)
modell method?2

Table 1.The code number, name, pedigree and origin of the studied parental varieties

No. Variety Pedigree Origin
1 Shandaweel-1 SITE//MO/4/NAC/TH.AC//3*PVN/3/MIRLO/BUC.CMSS93 Egypt
B00567S-72Y-010M-010Y-010M-OHTY-0SH
2 Giza-171 Sakha 93 / Gemmeiza 9 S.6-1GZ-4GZ-1GZ-2GZ-0S Egypt
3 Misr-3 ATTILA*2/ABW65*2/KACHU CMSS06Y002582T- Egypt
099TOPM-099Y-099ZTM-099Y-099M-10WGY-0B-0EGY
4 PASTOR//SITE/MO/3/CHEN/AEGILOPSSQUARROSA(TA Egypt
Sakha-95 US)//BCN /4/WBLL1CMSAOQ01Y00158S-040P0Y -040M-
030ZTM-040SY-26M-0Y-0SY-0S
5 . HD2172/PAVON"S"//1158.574"S". SD46-4SD-2SD-1SD- Egypt
Sids-1
0SD.
6 Morocco Tob's /1/NP/2/CC/Inia/3/ Cha Morocco
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DNA markers:

Six Egyptian cultivars of wheat grains were
obtained from Agricultural Genetic Engineering
Research Institute (AGERI) and cultivated in the
department of Agricultural Genetic Engineering
Research Institute. The seedling leaves were
used for DNA extraction.

Genomic DNA extraction:

The genomic DNA was extracted from the
seedling leaves by (Thermo Scientific Gene JET
Plant Mini Kit). Agarosegel electrophoresis
definite that the DNA was of high molecular
weight with nodegradation.

SCoTanalysis:

a- Twelve SCoT primers were used in this study
(Table 2). The amplification reaction was
carried out in 25ul reaction volume
containing 1X PCR buffer, 2mM MgCI2,
0.2mM dNTPs, 25pmol primer, 1 U Taq
DNA polymerase and 30ng template DNA.

b- Thermocyling Profile PCR:

PCR amplification was performed in a
Perkin-Elmer/GeneAmp® PCR System 9700
(PE Applied Biosystems) programmed to
fulfill 40 cycles after an initial denaturation
cycle for 5 min at 94°C. Each cycle consisted
of a denaturation step at 94°C for 45s, an
annealing step at 50°C for 50s, and an
elongation step at 72°C for 1min. The primer
extension segment was extended to 7 min at
72°C in the final cycle.

Table (2): Data of SCoTprimers:-

c- The amplification products were resolved by
electrophoresis in a 1.5% agarose gel
containing ethidium bromide (0.5ug/ml) in
1X TBE buffer at 95 volts.

RESULTS AND DISCUSSION
Analysis of variance:

The analysis of variance revealed highly
significant mean squares for all sources of
variations (genotypes, parents, F; crosses and
parents vs F1 crosses (heterosis). Meanwhile, F,
generation all genotypes, parents, F, hybrids and
parents vs F, hybrids were highly significant for
all traits . The results indicate that, the differential
in the material and sufficient amount of genetic
variability adequate for further biometrical
assessment. Large magnitude of parents vs
crosses mean squares were found in F; analysis
compared with F, ones for all traits studied.
These results are logic consequence inbreeding
depression present in F, which would decrease
the heterosis effect.

Significant  differences among  wheat
genotypes for yield and its components in
different sets of material were reported by Farhat
and Darwish (2016).

Both types of combining ability mean squares
for all traits in both F; and F, generations are
presented in Table (3).

Primer Name Sequence

SCoT-1 5-ACGACATGGCGACCACGC-3
SCoT-2 5-ACCATGGCTACCACCGGC-3
SCoT-3 5-ACGACATGGCGACCCACA-3
SCoT-4 5-ACCATGGCTACCACCGCA-3
SCoT-5 5-CAATGGCTACCACTAGCG-3
SCoT-6 5-CAATGGCTACCACTACAG-3
SCoT-7 5-ACAATGGCTACCACTGAC-3
SCoT-8 5-CAACAATGGCTACCACCA-3
SCoT-9 5-ACAATGGCTACCACTGCC-3'
SCoT-10 5-ACAATGGCTACCACCAGC-3
SCoT-11 5-ACAATGGCTACCACTACC-3'
SCoT-12 5-CAACAATGGCTACCACCG-3
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Both types of combining ability (GCA and
SCA) mean squares were found to be highly
significant for all traits. These results indicated
that both types of combining ability are
important in the inheritance of these traits.

For development of an efficient hybridization
program and select the suitable way of selection,
must determine the relative importance of
additive and non-additive gene action. To
determine the genetic effects of greatest
importance, GCA/SCA ratio were computed.
Values exceeding largely the unity were detected
for plant height and grain yield per plant in F;
generation, but in F, generation, detected for all
traits except, heading dateand grain yield per
spike. This indicates that the largest part of the

total genetic variability was due to additive and
additive x additive types of gene effects. For the
exceptional cases, however, non-additive types
of gene action seemed to be more prevalent.

The GCA/SCA ratio were higher in
magnitude in F, than F, generation for all traits
revealing that the additive and additive x
additive gene effects were increased and non-
additive gene effects were also reduced in F;
generation.

Both general and specific combining ability
mean squares were previously obtained by
Ahmad et al. (2003), Ahmad et al. (2006), Adel
and Ali (2013), Kalhoro et al. (2015), Ahmad et
al. (2016), Afridi et al (2017).

Table 3: Ordinary analysis of variance and combining ability analysis in F1 and F2 generations for

all traits studied.

Heading Maturity Pl_ant Grain 1000- Grain yield
SOV, df date date height yield per grain per plant
(days) (days) (cm) | spike(g) | weight(g) ©
NI NI NI NI NI NI
F1 hybrids

Rep. 2 0.21 2.23 0.53 0.001 0.02 0.04
Genotypes 20 64.62** 88.40** 110.54** 2.94** 82.01** 21.63**
Parents 5 5.13** 63.78** 54.55** 0.96** 79.57** 15.77**
F1Crosses | 14 73.74** 101.52** 122.38** 1.63** 88.73** 13.57**

P.VS. Fi.. | 1 234.42** 27.97** 224.64** | 31.09** 0.27** 163.67**

Error 40 155 192 119 0.001 0.02 0.05
GCA 5 3.13** 30.90** 47 41%* 0.33** 20.45** 11.99**
SCA 15 27.67** 28.99** 33.32** 1.19** 29.63** 5.61**

Error 40 0.52 0.63 0.39 0.003 0.01 0.02

GCA/SCA 0.11 1.06 142 0.27 0.69 2.13

Rep. 2 0.03 0.16 0.39 0.00 0.00 0.29
Genotypes 20 11.56** 110.28** 118.07** 1.78** 70.99** 22.12**
Parents 5 4.63** 61.03** 56.10** 0.96** 90.60** 20.22**
F 14 2.63** 131.36** 143.64** 1.16** 68.93** 18.53**
PVS.F.| 1 171.28** 61.47** 69.89** 14.49** 1.87** 81.84**

Error 40 0.57 0.96 111 0.01 0.01 0.05
GCA 5 1.14** 37.23** 61.67** 0.31** 25.15** 16.62**
SCA 15 4.75** 36.60** 31.92** 0.68** 23.17** 4.29**

Error 40 0.19 0.32 0.37 0.003 0.004 0.02

GCAJ/SCA 0.24 1.02 1.93 0.46 1.09 3.87
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Mean performance:

Mean values of all studied wheat genotypes
for F1 and F generations for all studied traits are
presented in Table (4).

The mean of heading date for parents was
82.12 days, the earliest parents were Morocco
(Ps) and was headed after 80.15 from sowing.
While, the last parents Sakha-95 (P.) was headed
after 83.85. The earliest Fi hybrids were

Shandaweel-1 (P1) x Misr-3 (P3) was headed
after 73.25. While, the last Fi-hybrid was
Shandaweel-1 (P1) x Morocco (Pg) that headed
after 90.65 from sowing, the late planting date
reduced days to heading over all F1-hybrids from
77-85 days. The mean of heading date for F,
generations ranged from 76.15 for Shandaweel-
1(P;) x Sakha-95 (P4) to 79.65 for Giza-171(P,)
x Sids-1(Ps) with an average of 78.26.

Table (4): The genotypes mean performance for all traits studied.

H((ajading Maturity Plant yicealgag;r 1000- 3{;3‘
ate height . grain
Parents (days) date (days) (cm) spmzl?g) weight (g) per(g;ant
NI NI NI NI NI NI

Shandaweel1(P1) 82.65 119.65 104.90 5.22 50.30 16.18

Giza-171 (P2) 82.70 117.20 98.75 4.21 46.34 12.62

Misr-3 (P3) 81.10 113.90 92.15 4.18 48.18 9.10

Sakha-95 (P4) 83.85 125.85 95.20 5.68 44.22 13.10

Sids-1(P5) 82.25 114.30 97.55 4.30 52.08 10.63

Morocco (P6) 80.15 114.55 98.75 3.93 55.28 11.52

Mean P 82.12 117.57 97.88 4.58 49.40 12.19

P1xP2 73.65 114.65 87.95 2.71 48.05 18.20

P1x P3 73.25 113.80 90.60 3.36 49.41 17.17

P1x P4 74.30 106.90 91.20 3.02 50.68 17.47

P1x P5 80.90 112.70 100.95 3.06 60.14 18.55

P1x P6 90.65 108.35 95.65 2.03 39.98 15.44

P2x P3 83.10 112.25 102.80 5.42 50.14 13.55

P2x P4 74.40 112.60 90.95 3.41 49.15 13.48

P2x P5 75.05 111.90 101.10 2.95 50.64 12.80

P2x P6 73.70 117.30 95.45 2.92 47.36 13.18

P3x P4 77.40 122.90 78.65 2.73 57.75 14.42

P3x P5 84.00 125.35 90.35 2.74 50.23 15.05

P3x P6 77.65 120.65 98.20 2.61 49.45 12.47

P4x P5 77.65 121.50 87.85 2.71 40.51 14.30

P4x P6 78.25 125.15 95.40 3.54 48.64 16.00

P5x P6 73.75 115.50 98.45 2.95 56.35 14.35

Mean C 77.85 116.10 93.70 3.07 49.89 15.09

Mean T 79.06 116.52 94.89 3.50 49.64 13.65

L.S.D 0.05 2.05 2.28 1.79 0.05 0.23 0.33

L.S.D 0.01 2.74 3.05 2.40 0.06 0.29 0.43
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For maturity date, the mean performance for
parents was 117.52 days. The best parent for
maturity was Misr-3 (P3) (113.90 days). The
hybrid Shandaweel-1 (P1) x Sakha-95 (Ps) was
the earliest in maturity 106.90. While, Misr-3
(P3) x Sids-1(Ps ) and Sakha-95( P4 ) x Morocco
(Ps) hybrids were late maturity. The average of
F1 hybrids were 116. 10 days. The average of
maturity date for F,—generation were 104.10 for
Shandweel-1(P1) x Sakha-95(P4). In general, F;
populations were average was 99.52 days. These
results are also in a line with these obtained by
El-Said (2018) and Ali et al., (2020).

Concerning plant height, the mean of parents
ranged from 92.15 cm for Misr-3 (P3) to 104.90
cm for Shandaweel-1 (Py).

Mean of plant height for F; hybrids showed
that the tallest hybrids were Giza-171(P;) x
Misr-3(P3) by 102.80, but the shortest hybrids
were Misr-3 (P3)x Sakha-95 (P4) by 78.65. The
mean of plant height for Fp-generation was
114.30 for Giza-171(P2) x Sids-1(Ps) Generally,
plant height of F»-populations were tallest than
F1 hybrids.

For grain yield per spike, the average of
parents was over 5g for weight per spike. The
hybrids Giza -171(P2z) x Misr- 3 (P3) out of 15
Fi'swas the higher in its value. Also, the hybrids
Shandaweel-1 (P1) x Sids - 1 (Ps) and Sids-1(Ps)
x Morocco (Ps) were highly the weight was high
from 4g in F,— generation.

For 1000-grain weight, mean of parents
ranged from 59.34 g to for 55.43 g for Morocco
(Ps) and sids-1(Ps). The mean of 1000-grain
weight for F1 hybrids, it noticed that the heaviest
F1 hybrids was Shandaweel-1(P;) % Sids-1(Ps).
The F, population performance ranged from
57.75 g to 42.20 g for Giza-171(P2) x Misr-3(P3).

For grain yield per plant, the mean over all
parents was 13.70 g. The parental variety
Shandaweel-1(P1) had the highest yield (17.39).
the parental Misr-3 (P3) gave the lowest values
10.28 g. The mean of grain yield per plant for F;
hybrids noted that the high value was 22.42 g for
Shandaweel-1 (P;) x Giza- 171 (P2). The mean
of grain yield per plant for the F; hybrids was

17.26 g. With regard to grain yield per plant, the
performance of F.- populations showed that the
high mean was 20.80 g for Shandawheel-1 (P1) x
Giza -171 (P2), while the low value was 11.80 g
for Misr-3 (P3) x Sids-1 (Ps). While, the
performance of F, - populations were 15.74.
These results are in line with those obtained by
Farooqi et al (2006), Verma et al. (2016), El-
Said (2018), Joshi et al. (2020) and Abro et al.
(2021).

General Combining ability (GCA)
effects

General combining ability effects GCA of
each parent for all traits studied are presented in
Table (5). General combining ability effects
computed here in were found to be differ
significantly from zero in most traits.

High positive values of general combining
ability effects would be of interest in most traits.
On the contrary, for heading data, maturity data
and plant height, high negative values would be
useful from the wheat breeder point of view.

The parental varieties Giza-171 (P2) and
Sakha-95(P.) showed highly significant negative
(GCA) effects in F1 generation, as well as the
two parents Misr-3 (P3) and Morocco (Ps)
expressed significant desirable GCA effects.

For maturity data, the two parents
Shandaweel-1 (P1) and Giza-171 (P,) were found
to be highly significant negative (GCA) effects
in F1 generation. revealing that these parental
varieties could be considered as excellent
combiners for developing early genotypes.

For plant height, the two parental varieties
Misr-3(P3) and Sakha-95 (P4) exhibited highly
significant negative (GCA) effects in F;
generation. While, the three parents Misr-3 (Ps),
Sakha-95 (P4) and Morocco (Ps) in F2 generation
in prove to be good combiner for shortness and
releasing varieties resistance to lodging.

For grain yield per spike, the three parental
varieties Giza-171 (P2), Misr-3 (Ps) and Sakha-
95 (Ps) was significant in F; generation.
Shandaweel-1(P1), Sids-1 (Ps) and Morocco (Ps)
showed significant GCA in F, generation.
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For 1000-grain weight, the three parental
varieties Shandaweel-1 (P;), Sids-1 (Ps) and
Morocco (Ps) were highly significant under both
experiments and the parental variety Misr-3 (Ps)
under artificial inoculation infectionwith leaf rust
in F1 generation. The two parents Giza-171 (Py)
and Morocco (Ps) showed significant GCA
effects under both experiments in F, generation
proving to be good combiners in this concern.

For grain yield per plant, the parental variety

three parental varieties Shandaweel-1 (P1), Giza-
171 (P2), Sakha-95 (Ps) were found to be
significant GCA effects proving to be good
combiners for this trait.

General combining ability effect was also
detected by Igbal and Khan (2006), Hassan et al.
(2007), Adel and Ali (2013), Kalhoro et al.
(2015), Mahpara et al. (2017), Joshi et al. (2020)
and Abro et al. (2021).

Shandaweel-1 (P1) was highly significant. The

Table (5): Estimates of parental (GCA) effects for all traits studied in Fiand F2 generations.

Parents Heading Maturity Plant Grain 1000- Grain
date (days) date height yield per ) yield
grain
(days) (cm) main weight () | Pe" plant
spike (9) (9)
NI NI NI NI NI NI
F1 generation

Shandaweel-1 (P1) 0.57* -2.49%* 1.48** -0.03** 0.29** 2.15%*
Giza-171 (P2) -1.02** -1.56** 1.43** 0.11** -1.41** 0.17**
Misr-3 (P3) 0.52* 0.88** -2.42%* 0.21** -0.25** -1.54**
Sakha-95 (P4) -0.47* 3.13** -3.73** 0.15** -2.04** -0.15**

Sids-1(P5) 0.29 -0.01 1.18** -0.08** 2.29%* 0.05
Morocco (P6) 0.10 0.05 2.04** -0.35** 1.12** -0.67**

0.05] 0.46 0.51 0.40 0.01 0.04 0.08

LS.D &

0.01] 0.62 0.68 054 0.02 0.05 0.11

LSD 005] 0.71 0.78 0.63 0.02 0.06 012

gi-gj 0.01] 095 1.05 0.84 0.02 0.08 0.16
Shandaweel-1 (P1) 0.04 -2.86** 1.85** 0.25** -0.40** 2.38**
Giza-171 (P2) 0.55** -0.22 3.94** -0.05** 1.87** 0.65**
Misr-3 (P3) -0.28* -0.24 -3.26** -0.24** -1.09** -0.82**
Sakha-95 (P4) 0.01 3.85** -0.47* -0.06** -1.76** 0.12**
Sids-1(P5) 0.22 -0.24 0.79** 0.22** -1.14** -1.82**
Morocco (P6) -0.53** -0.29 -2.84** -0.13** 2.54%** -0.51**

0.05| 0.28 0.36 0.38 0.04 0.04 0.08

L.S.D g

0.01] 0.38 0.48 0.51 0.05 0.05 0.11

LSD 0.05| 044 0.56 0.63 0.06 0.06 012

gi-gj 001] 059 0.75 0.84 0.08 0.08 0.16

*and ** significant at 0.05 and 0.01 levels of probability, respectively.
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Specific Combining ability (SCA)
effect:

Estimates of the specific combining ability
SCA effects for the fifteen hybrid combinations
studied in F1 and F, generations are presented in
Table (6).

Nine hybrids out of 15 F4i's showed highly
significant negative specific combining ability
SCA effects for heading date, while, seven
hybrids exhibited highly significant negative
SCA in F; generation.

Six and seven hybrid combinations studied
were detected to show highly significant negative
SCA effects in F; and F, generations,
respectively, for maturity date in the two
experiments. These hybrids in both generations
showed desirable heterosis for earliness.

Nine and five hybrid combinations were
detected to show highly significant negative SCA
effects for plant height in F, and F, generations,
respectively. The two parental cultivars Misr-3
and Sakha-95 were found to be the best general
combiners for plant height.

Table 6: Estimates of specific combining ability (SCA) effects for the fifteen wheat crosses for F1
and F2 generations for all traits studied.

Crosses Heading date(days) Maturity date (days) Plant height (cm)
F1 F2 F1 F2 F1 F2
NI NI NI NI NI NI
P1xP2 -4.96%* -1.29** 2.19** 1.72** -9.86** -0.96
P1x P3 -6.91** -1.01* -1.12%* 0.25 -3.35%* -0.34
Pix P4 -4.86** -3.21%* -10.26** -12.75%* -1.45* -3.99**
P1x P5 0.96 -0.42 -1.32%* -2.20** 3.37** 6.43**
P1x P6 10.91** -0.32 -5.73** -5.75%* -2.77** -4.40**
P2x P3 4.54** -1.42%* -3.59** -6.19** 8.89** 0.36
P2x P4 -3.18** -0.92* -5.49%* 6.51** -1.65%* 4.42%*
P2x P5 -3.29%* -0.43 -3.04** -5.79** 3.57** 10.39**
P2x P6 -4.45%* -0.13 2.29** 0.60 -2.92%* 2.84**
P3x P4 -1.71%* -0.58 2.35** -4.52%* -10.09** 4.02**
P3x P5 4.11%* -0.29 7.95%* 8.57** -3.31** -4.19**
P3x P6 -2.03** -1.24** 3.19** 3.62** 3.67** 2.39**
P4x P5 -1.24%* -2.59%* 1.85* 2.48** -4.51%* 3.86**
P4x P6 -0.45 -1.04%* 5.44** 4.38** 2.18** -1.89**
P5x P6 -5.72%* -0.75 -1.05 -0.32 0.32 -8.97**
LSD (si) 0.05 1.28 0.77 1.41 1.01 1.13 1.09
0.01 1.72 1.03 1.89 1.35 1.51 1.45
0.05 1.76 1.07 1.96 1.39 1.55 1.49
LSD (sij-skI)
0.01 2.34 1.43 2.62 1.86 2.07 1.99
LSD (sij-sik) 0.05 1.89 1.15 2.12 1.49 1.67 1.62
0.01 2.54 1.54 2.84 1.99 2.24 2.16

*and ** significant at 0.05 and 0.01 levels of probability, respectively.
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Table 6: Cont.
Grain yield per spike 1000- grain weight Grain yield per plant
) (@) )
Crosses F1 F2 F1 F2 F1 F2
NI NI NI NI NI NI
P1xP2 -0.86** 0.13** -0.33** 3.29** 3.85** 2.73%*
P1x P3 -0.33** -1.07** -2.03** -2.43** 1.63** 2.75%*
Plx P4 -0.57** -0.60** 1.24%** 3.53** -0.18 -2.07**
P1x P5 -0.37** 0.41** 7.04** -8.04** 1.18** -0.79**
P1x P6 -1.07** -0.23** -11.17** -5.12** -0.19 2.19**
P2x P3 1.57** -0.02 1.95** 6.24** 0.64** 2.83**
P2x P4 -0.38** -0.01 2.06** 2.11** -0.78** 0.50**
P2x P5 -0.55** -0.28** -0.37** 1.43** 2.27** 0.58**
P2x P6 -0.36** -0.33** -0.93** 1.55** -0.27* -1.15%*
P3x P4 -1.06** -0.75** 0.48** 3.92** 1.51** 1.12**
P3x P5 -0.90** -0.94** -0.91** -5.45** 2.43** -0.58**
P3x P6 -0.71** 0.26** -2.76** -0.42** -0.46** 0.10
P4x P5 -1.06** -0.87** -8.85** 2.06** 0.15 1.15%*
P4x P6 0.12** -0.86** -0.73** -3.71*%* 2.67** 0.77**
P5x P6 -0.08** 0.64** 5.68** 2.62*%* 0.82** 0.65**
B 0.05 0.03 0.08 0.13 0.10 0.24 0.22
LSD (sij)
0.01 0.05 0.11 0.18 0.14 0.32 0.29
LSD (sij-sk) 0.05 0.04 0.12 0.19 0.14 0.32 0.32
sij-s
! 0.01 0.05 0.16 0.24 0.19 0.43 0.43
LSD (si-sik) 0.05 0.05 0.14 0.20 0.16 0.36 0.34
sij-si
! 0.01 0.07 0.18 0.27 0.22 0.48 0.46

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

For grain yield per spike, the hybrid
combinations neamly (Giza-171(P;) x Misr-3(Ps)
and Sakha-95 (P4) x Morocco (Ps)) estimates of
SCA effects in F1 generation. While, the hybrids
shandweel (P1)x Gizal71(P;) and Sidsl (Ps) x
Morocco(Ps) were significant eatimates of SCA
effects in F, generation.

For 1000 — grain weight, six and nine hybrid
combinations showed highly significant SCA
effects in F1 and F, generations, respectively.
These hybrids also showed useful heterosis,
Shandaweel-1 (P1), Giza-171(P;) and Sakha-95
(P4) wheat varieties involved in these hybrids

were found to be good combiners for grain
weight.

For grain yield per plant, nine and nine
hybrid combinations showed highly significant
SCA effects in F; and F. generations,
respectively. All of these hybrids showed also
useful heterotic effects. The two parental
Shandaweel-1 and Sakha-95 were found to be
good general combiner for this trait and could be
used in wheat breeding program. The best
crosses in most traits could be attributes to high
x high, high x low and low x low general
combiners.
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In general, such combinations of high SCA
specially in F, generation in the same time,
involved good combiner for both parents, they
could be exploited for breeding varieties.
Nevertheless, if the parental combination showed
desirable high SCA involve only one good
combiner, such combinations would throughout
desirable transgressive segregates provided that
the additive genetic system in the good combiner
(as well as complementary and epistatic effects
in the hybrids) act in the same direction to reduce
undesirable characteristics and maximize the
character under consideration.

The same conclusion was also drown by
Masood and Kornstad (2000), Nazir et al.

(2005), Al-Hamdany (2010), Ammar et al.
(2014), Farhat and Darwish (2016), Khilwat et
al. (2017), EI-Gammaal and Yahya (2018), Ali et
al. (2020) and Abro et al. (2021

Heterosis:

Useful heterosis expressed as the percentage
deviation of F; and F» mean performance from
the mid parent for all traits studied in Table 7.

For heading date, eleven out of the fifteen
hybrids studied in Fi's were found to be exhibit
highly significant negative useful heterotic effect
which ranged from -1.87% to -10.92% relative to
the respective mid parent values Generally, all
hybrids were earlier than their parents.

Table (7): Percentage of heterosis for F1 and Fzhybrids relative to mid parent for all traits.

Hybrids Heading date (days) Maturity date (days) Plant height (cm)
F1 F2 F1 F2 F1 F2
NI NI NI NI NI NI
P1xP2 -10.92** -4.73%* -3.18** -3.17** -13.62** 2.45**
P1x P3 -10.53** -4.53** -2.54** -3.42*%* -8.04** -0.61
P1x P4 -10.75** -8.25** -12.91** -15.02** -8.85** -3.21**
P1x P5 -1.87 -3.76** -3.65** -5.31** -0.27 7.45%*
P1x P6 11.36** -3.38** -1.47%* -8.39** -6.06** -7.61**
P2x P3 1.46 -4.40** -2.85** -5.65** 7.70%* 5.47**
P2x P4 -10.65** -4.87** -7.34** 3.92** -6.21** 10.65**
P2x P5 -9.00** -3.16** -3.33** -5.11%* 3.01** 16.93**
P2x P6 -9.48** -2.52** 1.23 0.38 -3.34** 4.67**
P3x P4 -6.15** -4.62** 2.52%* -4.21%* -16.03** 6.65**
P3x P5 2.85* -3.13** 9.85** 8.49** -4.74%* -1.86*
P3x P6 -3.68** -4.04** 5.62** 4.11** 2.88** 0.47
P4x P5 -6.50** -7.01** 1.18 1.84%*= -8.85** 7.66**
P4x P6 -4.57** -4.89** 4.12%* 3.38** -1.62* -2.89**
P5x P6 -9.17** -3.39** 0.94 0.87 0.31 -9.82**
L.S.D 0.05 1.77 1.07 1.97 1.39 1.56 1.50
L.S.D0.01 2.38 1.43 2.65 1.86 2.08 1.99

*and ** significant at 0.05 and 0.01 levels of probability, respectively
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Table 7: Cont.
Hybrids Grain yield per spike (g) 1000- grain weight Grain yield per plant (g)
F1 F2 F1 F2 F1 F2
NI NI NI NI NI NI

P1xP2 -32.52** -6.11** -2.03** 9.22** 44.00%* 34.29**
P1x P3 -25.49** -34.71*%* -3.67** -7.98** 33.58** 39.88**
P1x P4 -34.21** -27.67*%* 1.43** 6.69** 14.12** -3.18**
P1x P5 -32.07** -3.23** 11.51** -22.24%* 29.57** 4.72%*
P1x P6 -43.66** -12.86** -26.10** -14.94** 13.05** 26.89**
P2x P3 19.84** -14.58** 8.23** 21.42%* 29.23** 48.38**
P2x P4 -22.36** -15.94** 7.33** 16.77** 10.56** 15.98**
P2x P5 -26.53** -12.44** 1.67** 6.42** 40.70** 18.16**
P2x P6 -20.95** -11.94** -5.24** 7.35%* 13.08** 6.59**
P3x P4 -36.10** -35.99** 24.63** 13.74** 30.95** 24.61**
P3x P5 -34.66** -31.74** 2.24** -13.39** 48.30** 11.60**
P3x P6 -30.21** -9.46** -7.05** -2.26** 13.55** 20.08**
P4x P5 -41.73** -31.28** -14.53** 4.54%* 19.98** 13.98**
P4x P6 -20.38** -31.57** -4.54%* -5.76** 29.82** 13.09**
P5x P6 -25.21** 4.66** 6.71** -0.87** 24.03** 13.22**

L.S.D 0.05 0.05 0.14 0.20 0.14 0.32 0.32

L.S.D0.01 0.59 0.18 0.27 0.19 0.43 0.41

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

Eight hybrids were highly significant
negative useful heterotic effects for maturity date
in F1 generation. It's ranged from —2.54% to -
12.91% relative to mid parent values. The best
cross was Shandaweel-1 (P1) x Sakha-95 (P4)
which come to maturity after 105.22 days from
sowing and thirteen days earlier than its early
parent. Meanwhile, eight hybrids were highly
significant negative remain heterotic effect in F,
generation which ranged from -3.17% to -
15.02% relative to mid parent values. Also, the
hybrid Shandaweel-1 (P1) x Sakha-95 (P4) was
the earlier in F, generation. Therefore, it could be
concluded that these previous hybrids would be
of interest in wheat breeding program for
earliness. These results are in conformity with
those previously obtained by Fellahi et al. (2017)
and Noorka et al. (2013).

Concerning plant height, ten and five hybrid
combinations showed useful heterosis which
ranged from (-1.62% to -16.03%) and (-1.86% to
-9.82%) in F; and F. generations. Useful
heterotic effects were previously obtained for
plant height byNoorkaet al. (2013), Ahmed et al.
(2016),Farhat and Darwish (2016) and Ali et al.
(2020).

The hybrid Giza-171 (P2) x Misr-3 (Ps) and
Sids-1 (Ps) x Morocco (Ps) were highly
significant useful heterotic effect for grain yield
per main spike under both experiments in F1 and
F2 generations, respectively.

For 1000-grain weight, eight and eight hybrid
combinations in Fiand F, generations had
significantly heavier grains than that of their
respective mid parents. This useful heterosis
ranged from (1.67% to 24.63%) and (4.54% to
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21.42) in F, and F, generations, respectively.
Significant heterosis was also found by Khilwat
et al. (2017), Fellahi et al. (2017) and Ayoob
(2020)

For grain yield per plant, all hybrid
combinations in Fi generation had significant
useful heterotic effect which varied from 10.56%
to 48.30% and 4.81% to 52.53% over the
respective mid parent. thirteen hybrids has
significant useful remain hetrotic effect which
ranged from 11.92% to 51.45% over mid parents
in F, generation. The superiority of these crosses
could be attributed to the increases in one or
more of yield components i.e. number of spikes
per plant, number of grains per spike, spike yield
and 1000-grain weight. Significant heterosis was
also found by El-Noorka et al. (2013), Gammaal
and Yahya (2018) and Ayoob (2020).

Regarding to  heterosis, the mean
performance of the parents and their hybrids, it
could be concluded that these hybrids had highly
promising characters for breeding wheat
genotypes. Thus, it should possess the genetic
factors for high yield potential. These results
could be confirmed the possibility of selection
for these characters through the hybrids.

Moreover, it allowed the greed light in the front
of plant breeders to build future breeding
program for high potential yield in wheat crop.

Genetic Polymorphism Detected using SCoT
Markers:

In total, twelve SCoT primers were tested for
their ability to generate banding patterns from
DNA corresponding and evaluate the genetic
diversity of 6wheat cultivars. The amplification
results of the SCoT primers used in this
investigation are presented in Table (8). These
primers produced good reproducible and
scorable patterns and the amplification profiles
were screened for the  presence  of
polymorphisms among the 6 wheat cultivars as
shown in (Fig. 1 and 2).

A total of (158) fragments were amplified
with average of 11.4 fragments / primer. The
lowest number of fragments (5) was produced by
the SCoT-05, while the highest number of
fragments (20) was revealed by the SoT-02.

The number of monomorphic fragments
reached (91) with an average of 7.6 fragments
/primer.

Table 8: The list of primer, Total number of Bands (TB), Monomorphic Bands (MB), Polymorphic
Bands (PB), Percentage of Polymorphism (%P), Frequency (F) and Polymorphism
Information Content (PIC) as revealed by SCoT analysis 6 wheat cultivars.

Primer B MB PB % P F PIC
SCoT-01 17 8 9 53 0.7 0.33
SCoT-02 20 10 10 50 0.7 0.31
SCoT-03 16 12 4 25 0.9 0.21
SCoT-04 13 12 1 8 10 0.14
SCoT-05 5 5 0 0 10 0.00
SCoT-06 14 4 10 7 0.6 0.36
SCoT-07 11 8 3 27 0.8 022
SCoT-08 13 4 9 69 05 0.37
SCoT-09 14 9 5 36 0.8 0.25
SCoT-10 9 5 4 44 0.7 0.33
SCoT-11 12 9 3 25 0.8 0.23
SCoT-12 14 5 9 64 0.6 0.36

Total 158 9 67 : : :

Average 132 16 5.6 39 0.76 0.26
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Fig (1): SCoT profiles for the 6 wheat cultivars as detected with primers SCoT-01, SCoT-02,
SCoT-03, SCoT04, SCoT-05 and SCoT-06. Lanes 1 to 6 represent: Misr-3, shandaweel-
1, Sakha-95, Giza-171, sidsandMorocco. M: 1 Kb ladder DNA marker
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Fig (2): SCoT profiles for the 6 wheat cultivars as detected with primers SCoT-07, SCoT-09,
SCoT-08, SCoT10, SCoT-11 and SCoT-12. Lanes 1 to 6 represent: misr-3, Shandaweel-
1, Sakha-95, Giza-171, sids and Morocco. M: 1 Kb ladder DNA marker
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The maximum number of monomorphic
bands (12) was generated by the SCoT-03 and
SCoT-4, while the lowest (4) was produced by
the SCoT-06.

The total number of polymorphic bands (67)
was averaged as 5.6 fragments /primer. The
lowest number of polymorphic fragments (1) was
generated by the SCoT-04, while the highest
number of polymorphic fragments (10) was
revealed by the SCoT-02 and SCoT-06.

The percentage of polymorphism was ranged
from 0% (SCoT-05) to 64% (SCoT-12). The
average level of polymorphism was estimated as
39%. The frequency ranged from 0.5 (SCoT-08)
to 1.0 (SCoT-4and SCoT-5).

The PIC value of the marker is defined as the
expected fraction of informative offspring from
this type of pedigree, the PIC values ranged from
0.00 (SCoT-05) to 0.37 (SCoT-08) with an
average of 0.26. These results agree with those
obtained by Abd El-lateif and Hewedy (2018),
Hendawy (2019) and Nosair (2020).

e Genetic relationship and diversity
among 6 wheat cultivars;

To examine the genetic relationships among
the 6 wheat cultivars based on SCoT results, the
scored data obtained from the 12 primers were
analyzed using the Dice coefficient to compute
the similarity matrices. These similarity matrices
were used to generate a dendrogram using the
UPGMA method. As shown in Table (9), the

estimated genetic similarities ranged from 83%
to 93% revealing high levels of genetic similarity
among the studied cultivars. The highest genetic
similarity (93%) was observed among the
cultivars Misr-3 and Shandwal-1 (resistant
cultivars) followed by (91%) between cultivars
Misr-3 and Sids-1., while the lowest genetic
similarity (83%) was detected between Misr-3
(resistant cultivar) and Morocco (hypersensitive
cultivar). These results agree with Abd El-lateif
and Hewedy (2018) andNosair (2020).

e Cluster Analysis as Revealed by
SCoT:

Matrices of similarities between pairs of
individuals may be used as a starting point for
statistical procedures such as cluster analysis. In
a cluster analysis, relatively homogeneous
groups of individuals cluster together in a
hierarchical way and this clustering is visually
displayed in a dendrogram.

The similarity matrix developed by analyzing
only the common fragments between the
different cultivars, a dendrogram (Fig 3) was
constructed using UPGMA cluster analysis. The
obtained dendrogram was divided into two main
clusters; one cluster included cultivar Morocco
(Hypersensitive)". While, the second cluster
included two subclusters, the first subcluster
included cultivars "Giza-171, Sids-1,
Shandaweel-1 and Misr-3", and the second
subcluster included cultivar "Sakha-95".

Table (9): Genetic similarity estimates for the 6 wheat cultivars based on twelve SCoT markers.

Variety Misr-3 | Shandaweel-1 | Sakha-95 Giza-171 Sids-1 Morocco
Misr-3 100

Shandaweel -1 93 100

Sakha-95 87 90 100

Giza-171 88 89 86 100

Sids-1 91 90 88 88 100

Morocco 83 85 88 83 85 100
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Fig. (3): Dendrogram for the 6 wheat cultivars constructed from the SCoT data using Un weighted Pair-
group Arithmetic (UPGMA) and similarity matrices computed according to Dice coefficients.

DISCUSSION

Because of their great resolving capacity,
SCoT is useful in genetic diversity research
(Hamidiet al., 2014 and Cao et al., 2006). These
markers are effective and low-cost analytical
tools for evaluating genetic variants in a wide
range of plants. The effectiveness of SCoT
markers is evaluated in this study using factors
such as PIC and polymorphism percentage. PIC
has traditionally been used to assess the
informative capability of markers in different
farmed cultivars. SCoT markers were used in
wheat germplasm. We compared the genetic
diversity of two groups of people in this study.
The current study revealed considerable genetic
diversity among the six wheat cultivars, which
could be valuable for breeding purposes. Genetic
corrosion in cultivated wheat provides a good
motivation for evaluating genetic diversity
among different cultivars, as well as determining
the possibility of improving plant material
efficiency, which could lead to increased food
production.
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