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INTRODUCTION

ABSTRACT

Driving superior hybrids by breeding programs needs assessment
of various genetic resources for detecting promising parents. The present
study aimed to assess the polymorphism impact of five parental Glycine max
genotypes on the genetic structure of the F1 hybrid to detect compatible
crosses with distinguishable superiority compared to parents regarding some
yield traits. Protein, RAPD, and ISSR patterns revealed the de novo
presence/absence of alleles and genetic similarities (GS) among parents and
hybrids. Results mentioned polymorphism among parental genotypes with
an average of 24.2%, 100%, and 73.8% for protein profile and RAPD and
ISSR markers, respectively. Gizalll had moderate polymorphism,
segregation, and GS, while Line30 and D89-8940 were highly polymorphic
segregated genotypes. Gizalll were compatible parents for crossing with
Line30 and D89-8940, giving rise to the superiority of hybrids regarding
most tested yield traits. Line30 X Gizalll recorded the highest percentage
of polymorphism with one marker band specific to the cross. Gizalll and
Giza83 had the lowest polymorphism and were incompatible parents due to
the too-narrow genetic distance that led to inbreeding depression for the
tested yield traits. Toano was an incompatible parent, causing inbreeding
depression, and needing molecular markers set for efficient characterization.
For hybrid superiority, the study suggested Gizalll as a good parent when
crossed with Line30 or D89-8940, followed by Giza83 crossing with either
Line30 regarding branch number, pod number, 100-seed/plant, and
seeds/plant, or D89-8940 regarding the number of branches and 100-
seed/plant.

Glycine max (soybeans) supplies 25% of edible oil and two-thirds of the global
protein concentrates (Mishra et al., 2024). Soybeans have multiple uses in human and animal
foods and industry because of enrichment with essential, nonessential, and proteinogenic
sulfur-containing amino acids (Singer et al., 2019). The information about the soybean genome
facilitated genetic and genomic research since having 20 chromosomes and 46,430 protein-
coding genes (Wang and Komatsu 2017). Soybean breeding programs focused on improving
traits related to yield, abiotic stress tolerance, disease resistance, oil, fatty acids, amino acids
quality, isoflavones, and seed composition enriching with prominent levels of protein (Singer

etal., 2019).
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Genetic diversity is crucial for plant
breeding to improve crops (Swarup et al.,
2021). The source of diversity is the genetic
difference in DNA sequence in a population
of individuals whose expression evolves
variant observable traits (Swarup et al.,
2021). Molecular screening and breeding in
soybean varieties has a platform that includes
molecular identification, genome sequencing,
and novel forms of alleles responsible for
expressing essential traits like protein content,
salinity, and domestication traits (\Valliyodan
etal., 2017).

Protein is a brief of the DNA coding
region enabling population discrimination by
qualitative assay. Protein profiling is a rapid
marker  for  constructing phylogenetic
relations among genotypes (Singh et al.,
2017; Sihmar et al., 2020; El-Hadary et al.,
2022). Also, Tadesse et al. (2018) were able
to cluster 112 genotypes of Lepidium sativum
L. from different regions into five clusters
using SDS-PAGE to determine genetic
diversity and relationships.  Tadesse
recommended protein profiling as a rapid and
reliable method for genetic diversity studies.

DNA markers like RAPD and ISSR
are effectively used for determining the
genetic evaluation, gene cloning and breeding
of crops, cultivar identification, tagging, and
marker-aided selection of agronomically
available genes (Pendergast et al. 2021),
linkage map construction, and the mapping of
quantitative traits loci (Hirao et al., 2019).

RAPD is an essential tool in DNA
typing, genetic variability assessment among
species, within  species, and among
populations,  studies of  phylogenetic
relationships, genome mapping, and plant
breeding applications (Verma et al., 2009;
Zanaty et al., 2013). RAPD amplifies random
DNA segments to detect polymorphism based
on nucleotide sequence differences at the
priming sites that result from point mutations,
structural rearrangements, insertions,
deletions, and inversions (Welsh and
McClelland, 1990). RAPD techniques are
simple, non-radioactive, low cost, and require
a small quantity of DNA and the ability to
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analyze polymorphism without previous
knowledge about the DNA sequence of the
organism (Amiteye, 2021; Hromadov,
2023). So, RAPD is efficient in comparative
purposes based on the similarity of fragments
as an indicator of homology (Rieseberg,
1996) and identifying markers related to
drought tolerance (Pakniyat and Tavakol,
2007). RAPD assessed genetic variations and
germplasm diversity in soybeans (Mathpal et
al., 2024), common beans (Hromadova et al.,
2023,) and other plant species (Verma et al.,
2017).

ISSRs are dominant markers that
detect polymorphisms in microsatellite and
inter-microsatellite loci, and neither require
prior information on DNA sequences or large
amounts (Amiteye, 2021). ISSR markers
sense any polymorphism in the eukaryotic
genome because of the lack of mutational
constraints in ISSR as a part of the noncoding
regions of the genome (Wolfe et al., 1998).
The polymorphisms generated by ISSR were
enough to differentiate accessions of the
closely related genotypes and cultivar
identification in plant species (Joshi et al.,
2000; Hou et al., 2005, Zhao et al., 2006; EI-
Gawwad et al.,2009). ISSR markers enabled
the evaluation of genetic variation within
collections of cultivated plants (Sonnante and
Pignone, 2001) and drought-tolerant crops
(Zhao et al., 2006).

A combination of RAPD and ISSR
markers was suggested for determining
genetic variance and species relationship
among lens collection (Duran and Vega,
2004), thirty-eight accessions of Citrullus
colocynthis L. (Verma et al., 2017), and 32
accessions of Stephania rotunda Lour using
14 RAPD and 14 ISSR primers (Ninh et al.,
2024).

Plant Breeding concerns the genetic
improvement of plants for human benefit by
developing new distinguishable cultivars
regarding vyield, disease resistance, and
drought or salinity tolerance (Ethiopian
Institute of Agricultural Research, 2024).
Plant breeders have various mating designs to
select from to investigate the genetic
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properties of plant populations. The diallel
mating design concerns the possible crosses
among a group of genotypes (Sprague and
Tatum, 1942). The partial diallel genetic
design estimates components of genotypic

variance in cross-pollinating populations
(Comstock and Robinson, 1948).
Kempthorne and Curnow (1961)

demonstrated the partial diallel mating design
for the increasing number of parents used in a
diallel. A partial diallel requires fewer crosses
per parent than does a regular diallel. Paschal
and Wilcox (1975) used a partial diallel
mating design with 12 parents to determine
the magnitude of heterosis, components, and
other agronomic characters of the yield and to
determine the relative importance of general
combining ability (GCA) and specific
combining ability (SCA) in hybrids of the
tested parental adapted cultivars and exotic
strains of G. max (L.) Merr.

Understanding gene mechanisms
controlling dominance levels helps plant
breeders to increase yield (EI-Abssi, 2019).
For example, molecular markers enable the
determination of the dormancy of parents by
cross similarity to this parent more than the
other one (EI-Abssi, 2019). Also, significant
correlations between traits result in additive
and/or variety heterosis effects due to the
genes controlling certain traits that work as
the same or in coupling phase linkage (Siles
et al., 2004, Abd EI-Aty et al., 2023). Thus,
there is a relationship between genetic
diversity and heterosis in faba beans (Abd
EL-Mageed, 2018).

Using previously identified drought-
related primers, the present study aimed to
identify good parents of five genotypes of G.
max with compatible crosses that were
observable superiority over parents in terms
of certain yield traits based on similarities
found in protein, RAPD, ISSR, and combined
RAPD-ISSR patterns.

MATERIALS AND METHODS
1-Plant Materials:

The Food Legumes Research
Department, Field Crops Research Institute-
Agriculture Research Centre, Itay EL-
Baroud, EL-Behaira governorate, the
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Egyptian  Agricultural  Ministry, Egypt
provided us with seeds of five G. max
genotypes and a field for constructing our
experiment. The five G. max genotypes
belong to two origins: (i) Egyptian origin;
Gizalll  (Pedigree,  Crawford*Celest);
Giza83 has white seeds (Pedigree, Selection
from MBB-133) and Line30 has purple seeds
(Pedigree Crawford*L62-1686), (i)
American origin; Toano has purple seeds
(Pedigree, Ware*Essex) and D89-8940 has
white seeds.

2-Experimental Conditions:

Two groups of G. max seeds were
grown under field conditions. One group was
germinated to obtain fresh green leaves of
one-month-old seedlings for conducting
genetic polymorphism investigations. The
other group of G. max seeds were planted
following a Randomized Complete Block
Design (RCBD) with nine replications for
yield traits investigations. The five parental
genotypes underwent a half-diallel cross-
mating design to obtain hybrids for yield traits
investigations. The five parental genotypes
were sown in three planting dates to avoid the
difference in flowering time between them
and to ensure enough hybrid seeds. The
parents were going under manual crossing to
obtain all the possible cross combinations
(without reciprocals). The plot size was one
ridge in the parents and their F1. Each ridge
was three meters long and 70 cm apart. Seeds
were planted on one side of the ridge at 20 cm
hill spacing with one seed per hill. The wet
planting method (Herati) was applied, with all
the other recommended cultural practices.
3-Genetic Polymorphism Analysis:

Polymorphism analysis of parents
and hybrids intended genomic DNA
extraction from fresh young leaves of one-
month-old seedlings. Fine powder of samples
ground in liquid nitrogen undergoing
genomic DNA extraction by the easy
extraction kit (EZ-10 Spin Column Genomic
DNA Minipreps Kit, plant) followed by an
RNase-A treatment. The extracted DNA
quality was tested using 0.8 % agarose gel for
long strands and the absence of smears. The
purified DNA was quantified and adjusted to
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a working concentration of 50 ng/ ul to
prepare the sample for DNA amplification
polymorphism analysis using primer sets
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selected according to some previous studies
(Table 1) to investigate polymorphism among
genotypes regarding drought tolerance.

related to RAPD and ISSR. The primers are

Table 1: A list of twelve RAPD and fifteen ISSR primers, denoting nucleotides number,

sequences, and annealing temperatures for detecting polymorphism among
five Glycine max parental and F1 genotypes.
S n £
= n & = wn £
= | 2. el |2 |£x g2
& £ 2 . = F 8 z 2 2=
- S g RAPD Primers < g & 2 g ISSR Primers & E-
£ S 2 | Sequence(5to3) | 2 E & Sz Sequence (5 to 3°) g g5
E 2 7 - = g E < 3
& “ = = E
=%
bp (o bp )
M1 10 | AGGGGT CTT G 32 SHI1 10 | AGACAGACGC 32
D2 10 | CAA TCG CCG T 32 SH2 17 | AGAGAGAGAGAGAGAGC | 52
SH3 11 | AACAACAACGC 32
M3 10 | CTGCTCGGGAC 36 SH4 13 | GACGACGACGACG 44
M4 10 | GTGAGGCGTC 36 SH5 11 | GTGGTGGTGGEC 38
M5 10 | TTG GCA CGG G 36 SH6 16 | TTGTTGTTGTTGTITGC 44
M6 10 | cAG GCC CTT C 36 SH7 15 | ACGACGACGACGAAC 48
T 10 | GOT GAC GCA G 0 SHS 14 | CACACACACACAAG 2
SH9 18 | ATGATGATGATGATGATG| 48
MS8 10 | GATGACCGCC 36 SHI0 | 16 | AGAGAGAGAGAGAGAC 48
M9 10 | TGC TGC AGG T 32 SH11 | 14 | GTGTGTGTGTGTGC 44
ML0 10 | CCA GCA GCT T 32 SH12 | 17 | GTGTGTGTGTGITGICC 2
SH13 | 11 | CACCACCACGC 38
Mll | 10 | AATCGGGCTG 32 SH14 | 11 | GAGGAGGAGGC 38
MI12 10 | GTGATC GCA G 32 SH15 | 11 | GTGGTGGTGCG 38

3.1- RAPD Analysis:

Twelve ten-mer oligonucleotide
primers were used for RAPD-PCR, according
to Islam et al. (2013) in a study for drought
tolerance (Table 1). A reaction volume of 25
pl including one pl of 10 uM primer and three
ul of 50 ng/ pl genomic DNA was prepared
for each primer, following the instruction of
GoTag® Green master Mix, 2x (Promega)
using PCR amplification. The amplification
ran for four min at 94 °C and then 35 cycles
of 1 min at 94 °C, 2 min at 32 °C or 36 °C
(according to the primer), and 2 min at 72 °C,
followed by a final extension at 72 °C for 5
min by using (MyGene®-MG96G)
programmable thermal cycler. The PCR
amplicons were electrophoresed on 2 % (w/v)
agarose gel against DNA ladders (Gene Direx
100-1500 bp and 100-5000 bp).
3.2-1SSR Polymorphism Analysis:

The study used fifteen ISSR-PCR
primers (Table 1) that were repetitively

mentioned in previous studies for drought
tolerance in rapeseed (Nemati et al., 2012),
soybean, peanut (Baloch et al., 2010), and
barley (Akladious and Abbas, 2020). Each
selected primer was recruited in 25 ul reaction
volume for PCR amplification containing one
ul of 10 uM primer and three pl of 50 ng/ ul
genomic DNA, following the instruction of
MyTagTM Red Mix, 2x BIOLINE.
Amplification was programmed for a 5-min
initial denaturation step at 94 °C followed by
35 cycles of denaturing at 94 °C for one min,
annealing at 32 °C- 52 °C (according to each
primer) for one min, extension step at 72 °C
for one min, and a final extension step at 72
°C for 5 min by using (MyGene®-MG96G)
programmable  thermal  cycler.  The
amplification products were electrophoresed
on 1.5 % (w/v) agarose gel against a DNA
ladder (100 bp to 5000 bp) to estimate the
molecular sizes of the amplified fragments.
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3.3-Protein Profiling:

The protein was extracted from fresh
green leaves using the method of Dure et al.
(1981). The concentration of the extracted
protein was quantified according to Bradford
(1976). The total protein patterns of parents
and crosses were developed by SDS-PAGE
following Laemmli (1970).
4-Assessment of Yield Traits:

Yield traits assessment considered
the number of branches, pod number,
seeds/plant, and 100-seed weight. Yield traits
were calculated as an average of ten
individuals for each parent, and F1 cross.
5-Data Analysis and Phylogenetic Tree
Construction:

The electrophoretic patterns of RAPD,
ISSR, and protein underwent documentation
according to the presence or absence of the
bands for parental genotypes and their F1
hybrids to determine parentage of
polymorphism, genetic similarity (GS), and
constructing  phylogenetic  trees.  The
polymorphism percentage calculation was as

follows: % Polymorphim =
Polymorphic DNA fragments x100

No.ofloci
The GS matrix was generated from

the binary data matrix of one and zero for each
marker based on the paired group, according
to the Jaccard coefficient of the Past software.
The genetic relationships estimation among
parental genotypes and hybrids according to
the Jaccard similarity increased with the value
till it reached one to measure GS between
genetic sequences among all the tested
genotypes. The generated similarity matrix
enabled the construction of dendrograms by
the unweighted pair group method of
arithmetic averages known as UPGMA
(Sneath and Sokal, 1973) and sequential
agglomerative hierarchical nested (SAHN)
clustering, using Past software (version 2.17)
of Hammeret al. (2001). Polymorphism
calculations depended on the absence or
presence of bands expressed in Zero or one,
respectively.

The statistical analysis of yield traits
was conducted by IBM SPSS Statistics for
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Windows, (Version 20.0. Armonk, NY: IBM

Corp) using the Unpaired Student T-test to

compare two groups in the quantitative data.
RESULTS

1-DNA Screening for Polymorphism

Among Parents and F1 Hybrids Based on

RAPD:

The RAPD pattern for parental
genotypes (Fig. 1) and hybrids (Fig. 2) ranged
from 204 bp to 3180 bp. The scored pattern
showed 100 % polymorphism in both parents
and hybrids (Table 2). Parental G. max
genotypes showed 188 flanked loci with 155
unique loci and 33 polymorphic ones. The F1
hybrid showed 140 loci with 75 unique and 65
segregated (polymorphic) out of them. The
total flanking average of the primers was
27.37 fragments/primer, 15.3 in parents, and
11.7 fragments/primer in hybrid. RAPD
primer flanked several segments up to 510
among the parental genotypes and F1 hybrids
with a flanking average of 39.23
fragments/genotype (Table 3).

The primer efficiency was maximum
with M2 and minimum with M3 among
parents and hybrids (Table 3). Line30 and
D89-8940 had the highest number of flanked
fragments, followed by Giza83, D89-8940 x
Giza83, and Line30 x Toano, while the hybrid
D89-8940 X Toano had the lowest number of
flanked segments (Table 3). Table 4 showed
that out of the 510 flanked fragments, there
were 237 loci for parents (82 polymorphic;
155 unique) and 273 loci for F1 hybrids (198

polymorphic; 75 unique loci). The
polymorphism average was 16.4
fragments/genotype in parents, with an

average of 31 marker fragments/genotype
(Table 4). The polymorphism average in F1
hybrids was 24.8 fragment/genotype with an
average of 9.4 unique band/ genotype.
Although the RAPD primers detected 180 loci
in parents and 140 loci in hybrids (Table 2),
parents and hybrids exerted 237 loci in
parents and 273 loci in hybrids (Table 4) due
to sharing some loci through polymorphism
between genotypes. However, the number of
loci was less in crosses than in parents with
RAPD primers.
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Fig. 1: DNA profiles of five Glycine max parental genotypes by using twelve RAPD primers
against DNA ladder (M).
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Fig. 2. DNA profiles of eight F1 hybrids of Glycine max by using twelve RAPD primers
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DNA size

polymorphic fragments among the parental and eight F1 hybrids genotypes of

Glycine max as developed against DNA molecular marker.

against DNA ladder (M).

M1
M2
M3
M4
M35
M6
M7
M8
M9
M10
MI11
M12
Total
Average

Table 2. RAPD primer total efficiency for flanking DNA markers fragments, shared
Primer
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Table 3. The total number of amplified DNA fragments in parental and F1 hybrids genotypes
of Glycine max using twelve RAPD primers.

Parents F1 Hybrids
o W b W
| Zl3|g|g|d 235|835 |53 58 5888|288
Primers § g E 5 % g g 2 g ? g Eg 55 ? g %E ﬁé Total
M1 51210 7|8 0 0 5 6 0 5 6 0 44
M2 7 0 0 |11 8 9 8 10 9 5 8 9 3 87
M3 5 3 0 7 6 1 1 0 0 1 1 0 1 26
M4 5 5 0 6 7 0 3 3 3 3 3 5 2 45
MS 5 5 0 8 6 2 2 2 1 2 2 2 1 38
M6 0|3 0] 3 5 4 2 4 3 4 4 4 2 38
M7 4 4 0 4 7 0 2 1 3 2 2 3 2 34
M3 313 0] 715 2 2 2 2 2 3 2 2 35
M9 3 9 0 [11] 9 1 1 1 1 1 1 0 1 39
M10 4 4 0 0 4 4 6 4 0 3 5 4 3 41
MI11 0 2 0] 4 3 3 2 3 4 1 3 2 3 30
M12 5 5 0 5 5 5 5 5 3 1 6 4 4 53
Total 46 | 45| 0 | 73 | 73| 31 34 40 35 25 43 41 24 510

r

Table 4. Number of polymorphic and unique DNA fragments; and polymorphism percentage
per parental and F1 hybrids genotypes of Glycine max as developed by RAPD pattern
using twelve primers against DNA molecular marker.

. DNA ladder Polymorphic DNA Marker DNA Polymorphism
Genotype/ F1 hybrids (100- 5000bp) yFrag;lents Fragments ’ (%$
Gizalll 302- 1501 16 30 100
Giza83 304- 1798 22 23 100
Toano 0 0 0 0
Line30 204- 3180 21 52 100
D89-8940 265- 2012 23 50 100
Total loci in parents= 237 82 155
Average loci in parents 16.4 31
Giza83 x Giza 111 304- 1798 21 10 100
Line30 x Gizalll 204- 3180 25 9 100
D89-89-40 x Gizalll 265- 2012 32 8 100
Toano x Giza83 255-2001 29 6 100
Line30 x Giza 83 204- 3180 14 11 100
D89-89-40 x Giza83 265- 2012 29 14 100
Line30 x Toano 204- 3180 31 10 100
D89-89-40 x Toano 265- 2012 17 7 100
Total loci in hybrids= 273 198 75
Average loci in hybrids | 24.8 9.4
Total loci in parents and hybrids = 510 280 230
Average in parents and hybrids 21.54 17.69 100

2-DNA Screening for Polymorphism
Among Parents and F1 Hybrids Based on
ISSR:

The ISSR primers exerted a pattern
for G. max parental genotypes with 310 loci,
200 unique loci, 17 monomorphic loci, and 93
polymorphic loci, with a polymorphism
average of 82.8% (Fig. 3). The flanking

averages of G. max parental genotypes were
20.6 fragments/primer and 104.8
fragments/genotype ((Table 5 and Table 6).
The most efficient primer with parental
genotypes was SH1, while SH5 and SH15 had
the least efficiency. The parental genotypes
exerted 524 flanked fragments: 200 unique,
85 monomorphic, and 239 polymorphic DNA
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fragments with a polymorphism average of
73.8%/genotype.

Toano, Line30, and Gia83 had a
distinguishable number of polymorphic DNA
fragments in the ISSR electrophoretic pattern
(Table 6). Line30 had the highest number of
unique fragments (44 fragments).

ISSR Profile of hybrids using 15
ISSR primers showed 1697 fragments (Fig. 4
and Table 7) with 1041 polymorphic DNA
bands (61.4%) between male and female
parents. The total number of polymorphic
DNA bands was 562, a percentage of 33.2%,
among F1 hybrids and their respective female
parents. This result remarks the efficient
distinguishing of the true F1 hybrids from the
self-pollinated progeny of female parents.
The total number of scorable DNA bands
amplified by the 15 ISSR primers in each
cross combination varied from 205 (D89-89-
40 x Gizalll) to 222 (Line30 x Toano), with
an average of 212.1 bands (Table 7).

The percentage of polymorphism
between male and female parents could reveal
the genetic difference between male and
female parents in each cross combination.
When considering all 15 primers, the highest
percentage of polymorphism between male
and female parents was found in the D89-89-
40 x Giza83 cross (67.1%), followed by the
crosses D89-89-40 x Gizalll (66.8%) and
Line30 x Gizalll (64.8%) as was shown in
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Table 7.

The number of scorable DNA bands
amplified by each primer ranged from 5
(SH11) to 20 (SH82 and SH7) by an average
of 14.737 bands/primer. The size of amplified
products ranged from 364 to 4680 bp (Table
8). The SH9 primer flanked the highest
percentage of polymorphism between male
and female parents (80.0%), followed by the
SH4 primer with (76.7%) polymorphism.
Similarly, these primers displayed the highest
percentages of polymorphism between the F1
hybrid and female parents since SH4 and SH9
detected a polymorphism of 43.3 % and 43%,
respectively (Table 8).

All the primers could effectively
differentiate between male and female parents
in all crosses, distinguished true F1 hybrids
from the self-pollinated progeny of female
parents except SH10 in the cross D89-89-40
X Gizalll, SH11 in the cross Giza83 x
Gizalll and SH12 in the cross Line30 X
Giza83 which give similar results in both
male and female parents (Table 9). The other
primers had no polymorphic bands for F1
hybrid-female parents with specific crosses
such as SH2, SH3, SH5, and SH15 with the
cross D89-89-40 x Toano, SH10 with the
cross D89-89-40 x Giza83, SH13 with the
cross Line30 x Toano and finally SH12 and
SH14 with the cross Toano x Giza83.
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Fig. 3. DNA profiles of five Glycine max parental genotypes by using fifteen ISSR primers
against DNA ladder (M).

Table 5. Number of loci, monomorphic, polymorphic, and marker DNA fragments; and
polymorphism percentage per primer for five Glycine max genotypes’ pattern as
developed by fifteen ISSR primers against DNA molecular marker.

Primer DNA ladder Number Monomorphic Polymorphic Marker DINA Polymorphism
(100 - 5000bp) of loci DNA fragments | DNA fragments fragments (%)
SH1 374 — 2025 13 1 12 12 923
SH 2 380 — 4086 11 0 11 15 100
SH 3 504 — 1614 10 1 9 12 90
SH 4 400 — 2596 5 1 4 24 80
SH S 422 — 2045 3 1 2 26 66.7
SH 6 539 — 1258 5 0 5 15 100
SH7 500 — 1626 8 4 4 15 50
SHS 470 —-1934 9 2 7 8 77.8
SH9 571 — 2140 6 0 6 15 100
SH 10 451 — 1976 6 1 5 4 83.3
SH11 399 — 595 4 1 3 2 75
SH 12 675 — 3558 7 0 7 5 100
SH 13 426 — 1482 11 2 9 8 81.8
SH 14 393 — 1822 9 2 7 13 778
SH 15 422 — 2045 3 1 2 26 66.7
Total 110 17 93 200
Average 73 1.1 6.2 133 828
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Table 6. Number of monomorphic, polymorphic, and marker DNA fragments; and
polymorphism percentage per genotype for five Glycine max genotypes’ pattern as
developed by fifteen ISSR primers against DNA molecular marker.

Genotype DNA ladder Monomorphic Polymorphic Marker DNA Polymorphism
! (100 - 5000bp) DNA fragments | DNA fragments fragments (%)
Giza83 312-1984 17 50 36 74.6
Gizalll 310- 1990 17 44 40 72.1
Tono 315-1993 17 56 37 76.7
Line30 320- 1994 17 49 44 74.2
D89-8940 325-1982 17 40 43 70.2
Total 310- 1994 85 239 200
Average 17 47.8 40 73.8

Table 7. Number of scorable DNA bands, percentages of polymorphism between male and
female parents, and percentages of polymorphism between F1 hybrid and female
parent for the fifteen ISSR primers in each Glycine max cross.

Crosses No. of scorable DNA bands pol‘_-'morphi.sm (%)
DNA bands Male-female parents F lhybrid-female parents

Giza83 x Gizalll 206 50.5 36.9
Line30 x Gizalll 213 64.8 39.4
D89-89-40 x Gizalll 205 66.8 37.1
Toano x Giza83 215 60.9 33.5
Line30 x Giza83 215 62.8 36.7
D89-89-40 x Giza83 207 67.1 29.9
Line30 x Toano 222 58.6 28.8
D89-89-40 x Toano 214 59.3 229
Total 1697 490.8 265.2
Average 212.1 61.4 33.15

Table 8. DNA size, number of scorable DNA bands, percentages of polymorphism between
male and female parents, and percentages of polymorphism between F1 hybrid and
female parent of Glycine max for each ISSR primer.

Primer | DNA size (bp) No. of scorable % DNA bands polymorphism
) DNA bands Male-female parents F1 hybrid-female parents

SH1 374-2025 17-19 64.4 28.1
SH2 370-4680 15-20 55.6 324
SH3 504-2347 15-16 69.6 20.0
SH4 400-3781 12-18 76.7 433
SHS 422-2045 12-17 73.1 32.8
SHé6 526-1258 11-12 61.1 42.2
SH7 494-2276 17-20 44.9 42.9
SHS 470-1980 15-16 49.2 32.8
SH9 483-2140 12-13 80.0 43.0
SH10 364-1976 10 47.5 23.8
SH11 375-595 5-6 51.1 35.6
SH12 669-3558 12-14 35.9 24.3
SH13 426-1729 13-15 70.2 28.9
SH14 393-2011 14-17 60.9 35.8
SH15 422-2045 12-17 73.1 32.8
Average 14.73 60.9 33.2
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Fig. 4. DNA profiles of eight F1 hybrids of Glycine max by using fifteen ISSR primers
against DNA ladder (M).
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Table 9. Number of scorable DNA bands, polymorphic bands between male and female
parents, polymorphic bands between F1 hybrid and female parent, and the percentages
of polymorphism for each of them based on ISSR primers in each cross of Glycine

max.
_ Scorable Male-female parents F1 Hybrid-female parents
Crosses/primer bands Polymorphic | % Polymorphism | Polymorphic Polymorphism
bands DNA bands Bands DNA bands (%)
Giza83 x Gizalll
SH1 18 8 44.4 6 33.3
SH2 16 10 62.5 8 50.0
SH3 16 6 375 4 25.0
SH4 12 10 83.3 6 50.0
SH5 15 9 60.0 6 40.0
SHé 12 2 16.7 2 16.6
SH7 17 5 29.4 5 29.4
SH8 16 8 50.0 3 18.8
SH9 13 9 69.2 6 46.2
SH10 10 8 80.0 2 20.0
SH11 6 0 0.0 3 50.0
SH12 12 2 16.7 6 50.0
SH13 14 10 71.4 6 42.9
SH14 14 8 57.1 7 50.0
SH15 15 9 60.0 6 40.0
Line30 x Gizalll
SH1 19 15 78.9 3 15.8
SH2 15 13 86.7 9 60.0
SH3 15 13 86.7 5 33.3
SH4 15 13 86.7 8 53.3
SH5 16 12 75.0 5 31.3
SHé6 11 2 18.2 4 36.4
SH7 19 9 47.4 7 36.8
SH8 16 10 62.5 5 31.3
SH9 12 8 66.7 8 66.7
SH10 10 2 20.0 5 50.0
SH11 5 3 60.0 0.0 0.0
SH12 12 2 16.7 6 50.0
SH13 15 11 73.3 6 40.0
SH14 17 13 76.5 8 47.1
SH15 16 12 75.0 5 31.3
D89-8940 x Gizalll
SH1 19 17 89.5 5 26.3
SH2 16 14 87.5 4 25.0
SH3 16 12 75.0 6 37.5
SH4 14 10 71.4 7 50.0
SH5 12 8 66.7 6 50.0
SHé6 11 5 45.5 4 36.4
SH7 19 9 47.4 9 47.4
SH8 15 7 46.7 5 33.3
SH9 12 10 83.3 7 58.3
SH10 10 0.0 0.0 2 20.0
SH11 6 4 66.7 2 33.3
SH12 12 10 83.3 2 16.7
SH13 15 11 73.3 4 26.7
SH14 16 12 75.0 7 43.8
SH15 12 8 66.7 6 50.0
Toano x Giza83
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SH1 18 14 77.8 4 22.2
SH2 19 7 36.8 6 31.6
SH3 16 8 50.0 3 18.8
SH4 15 11 73.3 9 60.0
SH5 16 14 87.5 5 31.3
SH6 12 10 83.3 5 41.7
SH7 18 8 44.4 11 61.1
SH8 15 7 46.7 5 33.3
SH9 13 11 84.6 6 46.2
SH10 10 8 80.0 5 50.0
SH11 6 2 33.3 3 50.0
SH12 13 1 7.7 0.0 0.0
SH13 14 10 71.4 5 35.7
SH14 14 6 42.9 0.0 0.0
SH15 16 14 87.5 5 31.3
Line30 x Giza83
SH1 17 11 64.7 7 41.2
SH2 19 13 68.4 6 31.6
SH3 15 13 86.7 4 26.7
SH4 15 13 86.7 5 33.3
SH5 17 11 64.7 7 41.2
SH6 11 9 81.8 6 54.5
SH7 18 8 44.4 9 50.0
SH8 16 10 62.5 7 43.8
SH9 13 9 69.2 4 30.8
SH10 10 6 60.0 1 10.0
SH11 5 3 60.0 3 60.0
SH12 14 0.0 0.0 5 35.7
SH13 13 7 53.8 2 15.4
SH14 15 11 73.3 6 40.0
SH15 17 11 64.7 7 41.2
D89-89-40 x Giza83
SH1 17 13 76.5 3 17.6
SH2 20 6 30.0 6 30.0
SH3 16 12 75.0 1 6.25
SH4 14 12 85.7 6 42.9
SH5 13 9 69.2 5 38.5
SH6 11 9 81.8 5 45,5
SH7 18 8 44.4 8 44.4
SH8 15 9 60.0 4 26.7
SH9 13 13 100.0 6 46.2
SH10 10 8 80.0 0.0 0.0
SH11 6 4 66.7 2 33.3
SH12 14 10 71.4 1 7.1
SH13 13 9 69.2 4 30.8
SH14 14 8 57.1 6 42.9
SH15 13 9 69.2 5 38.5
Line30 x Toano
SH1 19 11 59.7 6 37.5
SH2 18 10 55.6 7 38.9
SH3 15 13 86.7 2 13.3
SH4 18 10 55.6 6 33.3
SH5 17 13 76.5 5 29.4
SH6 11 7 63.6 6 54.5
SH7 20 10 50.0 9 45.0
SH8 15 5 33.3 4 26.7
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SH9 12 10 83.3 6 50.0
SH10 10 4 40.0 2 20.0
SH11 5 3 60.0 1 20.0
SH12 13 1 7.7 2 15.4
SH13 15 11 73.3 0.0 0.0
SH14 17 9 53.0 3 17.6
SH15 17 13 76.5 5 29.4
D89-8940 x Toano
SH1 19 5 26.3 7 36.8
SH2 19 6 31.6 0.0 0.0
SH3 16 10 62.5 0.0 0.0
SH4 17 13 76.5 5 29.4
SH5 13 11 84.6 0.0 0.0
SH6 11 11 100.0 6 54.5
SH7 20 10 50.0 6 30.0
SH8 14 4 28.6 7 50.0
SH9 12 10 83.3 0.0 0.0
SH10 10 2 20.0 2 20.0
SH11 6 4 66.7 2 33.3
SH12 13 11 84.6 1 7.7
SH13 15 11 73.3 6 40.0
SH14 16 8 50.0 7 43.8
SH15 13 11 84.6 0.0 0.0

3-Polymorphism Among Parents and F1
Hybrids Based on Protein Profiling:

Table 10 and Figure 5, show the
protein of parents and hybrids. The parental
protein  pattern indicated 73 protein
fragments. Toano had the highest number of
fragments, (18 bands) followed by Line30
and D89-8940 (15 bands), while Giza83 had
the lowest (11 bands). The polymorphism
ranged from 9.1% to 33.3%, with a
polymorphism average of 24.2%. Line30
recorded the highest percentage of
polymorphism  without  distinguishable
marker bands specific to the genotype. Toano
counted the highest number of marker bands
with molecular weights of 38KDa, 80 KDa,
128 KDa, and 142 KDa. Gizalll had a
moderate number of polymorphic and makers
bands.

The protein pattern of the crosses
showed a lower loci number than the parents.
The F1 hybrid protein pattern indicated 131
protein fragments. Line x Toano had the
highest number of fragments (19 bands),
followed by 18 bands for D89-8940 X Toano,
D89-8940 X Giza83, and Line30 X Gizalll.
Giza83 X Gizalll had the lowest among the
hybrids, equalled eleven. The polymorphism
ranged from 54.5 % to 70.6 %, with a
polymorphism average of 65.7%. Line30 X
Gizalll recorded the highest percentage of
polymorphism with one marker band specific
to the cross. Giza83 X Gizalll had the lowest
polymorphism ratio without any specific
marker band. Line X Toano and D89-8940 X
Giza83 recorded the highest number of
marker bands represented by three bands.
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Table 10. Number of monomorphic, polymorphic, and marker protein fragments and
polymorphism percentage per genotype of five Glycine max and their F1 hybrids.

Monomorphic Polymorphic Marker protein . o
Genotype protein fragments | protein fragments fragments Polymorphism (%)
Giza83 10 1 0 9.1
Gizalll 10 2 2 16.7
Tono 10 4 4 28.6
Line30 10 5 0 33.3
D89-8940 10 5 0 33.3
Total in parents 50 17 6
Average in parents 10 3.4 1.2 24.2
Line30 X Gizalll 5 12 1 70.6
D89-8940 X Gizalll 5 10 0 66.7
Line30 X Giza83 5 11 0 68.8
Line30 X Toano 5 11 3 68.8
D89-8940 X Toano 5 11 2 68.8
Giza83 X Gizalll 5 6 0 54.5
Toano X Giza83 5 10 1 66.7
D89-8940 X Giza83 5 10 3 66.7
Total in F1 hybrids 40 81 10
Average in hybrids 5 10.1 1.25 65.7
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Fig. 5. Protein profile of five Glycine max parental genotypes and their eight F1 hybrids against

protein molecular marker (M)

4-The Genetic Relationships
Parental Genotypes:

4.1. The GS with the derived dendrogram
among parental genotypes based on
RAPD:

The GS among parental genotypes
based on the RAPD-PCR pattern ranged from
0.038 to 0.13 among the parental genotypes

Among

by a mean similarity of 0.7 (Table Sl 1). The
dendrogram based on RAPD classified
parents into three groups (Fig. 6-a). Group |
had the highest GS (0.038), including
Gizalll and Giza83 on one clade, and Group
I11 had the lowest GS (0.13), including Line30
and D89-8940. The latter parents had the least
GS to Gizalll.
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at the RAPD pattern despite the good DNA
quality (long strands and absence of smears)
that enabled the flanking by ISSR primers.

Table SI 1. Similarity and distance indices (Jaccard) among five Glycine max parental

genotypes based on twelve RAPD primers.

Genotype Gizalll (G1zaB3 Toano Line30 DE2-89-40
Gizalll 1 0.13 0 0.038 0.038
Giza83 1 0 0.059 010
Toano 1 0 0
Line30 1 011
DE9-8940 1
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Fig. 6. UPGMA phylogenetic dendrograms representing the genetic distance based on: (a)
twenty RAPD primers, (b) fifteen ISSR primers, (c) twenty-seven primers for the
combined RAPD and ISSR patterns, (d) protein profile for Glycine max parental
genotypes; and for their eight hybrids based on (e) twenty RAPD primers, (f) fifteen
ISSR primers, (d) protein profile.
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4.2. The GS with the derived dendrogram
among parental genotypes based on ISSR:

The GS based on the ISSR-PCR
pattern ranged from 0.17 to 0.31 based ISSR-
PCR pattern (Table SI 2) among the parental
genotypes by a mean similarity of 0.24. The
highest detected GS by ISSR-PCR primers
was between Giza83 and Gizalll (0.31),
while the lowest GS was between Giza83 and
D89-8940 (0.17).

The ISSR-phylogenetic dendrogram
diverged into two clades representing three
groups (Fig. 6-b). One included Gizalll and
Giza83, which had a similarity of 0.31 and
represented group 1. The other clade had two
sub-clades; Toano occupied a separate sub-
clade and represented group Il, while the
other sub-clade included Line30 and D89-
8940, representing group I11.

Table SI 2. Similarity and distance indices (Jaccard) among five Glycine max parental
genotypes based on fifteen ISSR.

Genotype Gizalll Giza83 Toano Line30 D89-8940
Gizalll 1 0.31 021 0.19 0.20
Giza83 1 025 0.21 0.17
Toano 1 0.26 0.22
Line30 1 0.27
Combined RAPD and ISSR molecular The  phylogenetic  dendrogram

Markers of Parents:

The combined RAPD-ISSR pattern
flanked 355 marker loci out of 761 loci (Table
SI 3). The combined RAPD-ISSR pattern
revealed that the highest number of
segregated loci was in Gia83 (72%) and
Line30 (70%), while the highest number of
unique fragments was in Line30 only (96
marker loci). Combined RAPD and ISSR
similarity indices showed that the GS ranged
from 0.45 to 0.54.

constructed based on similarity indices for the
combined pattern of RAPD and ISSR markers
showed a divergence of the studied genotypes
into two clades (Fig. 6-c). The first clade
represented Gizalll (group ). The other
clade carried Giza83 on one subclade. The
other sub-clade had two sub-subclades, one
carried Toano (group Il) while the other
subclade diverged into Line30 and D89-8940

(group H1).

Table SI 3. Similarity and distance indices (Jaccard) among five Glycine max parental
genotypes based on combined RAPD and ISSR pattern, using twenty-seven

primers.
Genotype Gizalll Giza83 Toano Line30 D89-8940
Gizalll 1 0.54 0.53 0.45 0.46
Giza83 1 0.55 0.47 0.47
Toano 1 0.51 0.50
Line30 1 0.47
D89-8940 1

4.3. The GS with the derived dendrogram
among parental genotypes based on
protein profiling:

Protein similarity and distance
indices among parental genotypes showed a
similarity range of 0.44882 to 0.53616 (Table
SI 4 and Fig. 6-d). The constructed

phylogenetic dendrogram based on proteins
clustered genotypes into two clades; the first
clade carried Gizalll (group I). The second
clade carried Giza83 on one subclade, while
the other subclade branched into Toano
(group I1) on one sub-subclade, and Line30
and D89-8940 (group I11) on the other branch.
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Table SI 4. Similarity and distance indices (Jaccard) among five Glycine max parental
genotypes based on protein profiling.

Genotype Gizalll Giza83 Toano Line30 DE9-89-40
Gizalll 1 0.49041 0.533616 0.53616 0.47229
Giza83 1 0.49685 0.44882 0.48442
Toano 1 0.549%6 0.50959
Line30 1 0.46043
DE9-8940 1

5. The Genetic Relationships Among F1
Hybrids:

5.1 The GS with the Derived Dendrogram
among F1 Hybrids Based on RAPD:

The GS of hybrids based on the
RAPD-PCR pattern ranged from 0.037 to
0.34 (Table SI 5). The dendrogram of the
tested hybrids with RAPD-PCR primers (Fig.
6-e) classified the hybrids into three major
groups. The highest GS was between Toano x
Giza83 and D89-89-40 x Gizalll, which
occupied the same sub-sub-clade. The least
GS was between Line30 x Giza83 and Giza83
X Gizalll.

The dendrogram showed Line30 x
Giza83 on clade (A) while the other clade
branched into two sub-clades (B and C). The
hybrids Line30 x Gizalll and Giza83 x
Gizalll diverged from subclade (C). The
sub-clade (B) diverged into two sub-
subclades; D89-89-40 x Toano was located on
one while the other sub-subclade carried the
remaining hybrids.

3.5.2 The GS with the derived dendrogram
among F1 hybrids based on ISSR

The GS of the Fi hybrids based on
ISSR ranged from 0.005 to 0.9575 (Table SI
6). The least GS of the Fi hybrids was
between the hybrid Line30 x Giza83 on the
sub-clade (A) and Line30 x Gizalll on the
sub-cade (C) as a divergence from a different

clade (Fig. 6-f). The greatest GS was between
the hybrid D89-8940 x Giza83 and D89-8940
x Gizalll, which diverged from clade (B).
The dendrogram based on ISSR-PCR
primers classified hybrids into three main
groups. The first group included a bifurcated
clade (A) occupied by Line30 X Giza 83 and
D89-8940 x Gizalll. The second clade
diverged into a sub-clade occupied by Line30
X Gizalll and X Giza 83 x Gizalll on the
sub-clade (C) while the remaining hybrids are
on the sub-clade (B).
3.5.3 The GS with the derived dendrograms
among F1 hybrids based on protein profile
The GS ranged from 0.33977 to 0.67974. the
highest GS was between the cross Line30 X
Gizalll and Line30 X Giza83 (Table Sl 7),
which occupied the same sub-clade as lineage
on the dendrogram (Fig. 6-g). The hybrid
Giza83 X Gizallland Line30 X Gizalll,
and the hybrid D89-8940 X Giza83 and
Line30 X Toano had the least GS.
The protein profile dendrogram of F1 hybrids
branched the crosses into two clades: the first
included D89-8940 x Toano and Giza83 X
Gizalll. The other clade diverged into two
subclades: one carried D89-8940 X Giza83
and Toano X Giza83, and the other diverged
into two sub sub-clades; one represented
Line30 X Toano while the other included the
remaining Crosses.
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Table SI 5. Similarity and distance indices (Jaccard) among eight F1 hybrids of Glycine max

based on twelve RAPD primers.

22 | =S | 85| %8| 2% | §2 | =8| €8
Crosses Gﬁ(g F.U.;g“ < 3 E(E FB(E = § = ﬁo
5 e 2O | & g 20 35 8 5
™ b [ w " [ A

GizaB3 x Gizalll 1 03 0.18 0.16 0.037 0.072 0.091 0.078
Line30 x Gizalll 0 1 0.19 011 0.072 0.12 0.14 0.055
DE9-8940 x Gizalll 1 0.34 0.083 024 0.25 0.10
Toano x (izak3 1 011 022 027 0.16
Line3( x Gizal3 1 0.079 0.12 0.14
DE9-8940 x GizaB3 1 0.29 0.22
Line30 x Toano 1 0.18

DE89-8940 x Toano 1

Table SI 6. Similarity and distance indices (Jaccard) among eight F1 hybrids of Glycine max

based on fifteen ISSR.

= = = e e F en =
[Aajpan = o — o 0 = = Sy =8 = 2 o g
Crosses T 8§ % 8 g g .8 ¥ .8 o 4 g = &
G [ @] @] L] @] T =]
< e =R E ¥ B = 8 ¥ = E "
GizaB3 x Gizalll 1 0.35 0.155 0.3975 0.35 0.0675 0.3875 0
Line30 x Gizalll 1 0.055 0.195 0.005 04525 0.155 0.005
DE9-8940 x Gizalll 1 0475 0.0275 0.9575 0.6175 0.0175
Toano x Giza83 1 0.0175 0.3925 0.4625 0.0175
Line30 x Giza83 1 0.01 04775 0.3975
DE9-8940 x Gizal3 1 0.7325 0.0425
Line30 x Toano 1 0.16
DB9-8940 x Toano 1

Table SI 7. Similarity and distance indices (Jaccard) among eight F1 hybrids of Glycine max

based on protein profiling.

22| 22| 82| .2 | -2|s2| 8] 2¢
Crosses cgg Eg %g Eg Eg %g ‘gr_'o %HO
[S R [ R A m ] — e T — M [
Line30 X Gizalll 1 0.57634 | 0.67974 042256 | 040086 | 039977 | 0.4937 0410086
DEY-8940 3 Gizalll 1 057634 0. 493863 0 4691 0. 40086 0 46981 033977
Line30 X GizaB3 1 0.46891 | 0.4453 0.37983 | 0.49363 0.40086
Line30 X Toano 1 0.42265 | 040086 | 042265 0.33977
DE9-8940 X Toano 1 0.51962 040086 040086
Gi1zal3 ¥ Gizalll 1 037983 046891
Toano X Giza83 1 049363
DE9-8940 X Gizal3 1

6. The Yield Traits:

The vyield traits of G. max for both
parents and F1 hybrids mostly showed
differences with varied significance degrees
(Fig. 7). The parent Gizalll was
distinguishable regarding the number of pods,
100-seed weight (g), and seed yield/plant.
Yield traits showed distinguishability of the
parent Giza83 regarding the number of
branches, followed by Toano and Gizalll.
Despite D89-8940 having the lowest yield
traits and seeming a parent with low values, it
resulted in superior hybrids regarding the
number of branches and the 100-seed weight

when crossed by Giza83 and the number of
pods by crossing Gizalll.

Gizalll and Line30, followed by
Toano and Giza83, had the highest 100-seed
weight (g). Consequently, the crosses Line30
X Toan, Line30 x Giza83, and D89-8940 x
Giza83 had the highest 100-seed weight.
Gizalll was the best parent regarding the
seed yield/plant and exerted a distinguishable
combination with Line30 in the cross Line30
x Gizalll. On the other hand, Gizalll was
the worst combination with Giza83 in the
cross Giza83 x Gizalll.
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Fig. 7. Productivity of five parental Glycine max genotypes and their F1 hybrids expressed in
terms of (a) number of branches, (b) number of pods, (c) weight of 100-seed yield; and

(d) number of seeds per plant

DISCUSSION
The harsh environmental conditions
need sustainable efforts to characterize
promising genotypes. Constraining these
good parents for breeding programs enables
improving crops. Accordingly, this study
concerned molecular genotyping and vyield
evaluation of five G. max genotypes and their
F1 hybrids, using primers almost used for
drought tolerance assessment.
1-Genotyping and Assessment of the
Parental Genotypes:
Protein profiling detected 24.2%

polymorphism among G. max parental
genotypes. Protein phylogenetics was a rapid
tool for determining genetic diversity and
discriminating-related varieties (Singh et al.,
2017; Tadesse et al., 2018; Sihmar et al.,
2020; El-Hadary et al., 2022). Comparative
molecular screening of the genomic resources
for diverse germplasm could provide marker
genotyping platforms and predict the
translational genomics in soybeans to design
a strategy for improving drought tolerance
(Valliyodan et al., 2017) since protein is a
brief of the DNA coding region. Combining


file:///D:/1-1%20انت%20السند/9%20%20W-W%20%20بحث%20الصويا/Final%20soy%201%20marker/Publish%20Marker/Final%20publish%20Impact%20Marker/Fig.%207%20yeild%20hw800_661x690%20resize.jpeg

288

different biochemical and molecular markers
regardless of specificity is more efficient for
an inclusive clustering of genotypes. For
example, the phylogenetic dendrogram drawn
by protein profiling and combined RAPD-
ISSR was almost similar due to protein
translation as a final product for the targeted
genes in all DNA coding regions.

RAPD and ISSR of the parental
soybean genotypes detected 100% and 73.8%
polymorphism, respectively. Accordingly
with our result, Valliyodan et al. (2017)
reported the ability of molecular markers for
genotyping soybeans regarding drought
tolerance by compatible markers. Also,
RAPD efficiency for detecting genetic
variability  in Trichodesma indicum
populations was remarked (Verma et al.,
2009) depending on fragment size for
comparing loci (Rieseberg, 1996). Using a set
of molecular markers for screening the
studied genotypes was assumed to be more
effective than a sole marker. For instance,
Toano had a highly polymorphic protein
pattern with the highest number of unique
fragments and exerted 76.7% polymorphism
and 73 marker loci with ISSR but had no
flanked regions by any recruited RAPD
primer for the same extracted genomic
sample. Thus, the similarity of Toano to other
genotypes might be limited to the transcribed
proteins and ISSR region since it has the
highest number of polymorphic ISSR
fragments (56 loci) and protein marker
fragments (four bands). This result was
emphasized by the mostly limited similarity
of Toano to the other genotypes.
Contrastingly, the similarity of the other
recruited genotypes had spread along the
chromosome according to the RAPD pattern.
Toano might be highly polymorphic along the
whole chromosome except in ISSR regions.
These results agree with the literature that
cited ISSR efficiency for assaying diversity
among soybean genera (Baloch et al., 2010),
closely related genotypes in Oryza (Joshi et
al., 2000), and wheat (EL-Gawwad et al.,
2009).

The screening with combined
RAPD-ISSR clusteredvLine30 and D89-8940

Mona H. El-Hadary et. al.

together and suggests them as a well
polymorphic genetic pool due to the
enrichment with both segregated and marker
loci that attributed to using drought-tolerant
associated primers as described by previous
studies (Islam et al., 2013; Akladious and
Abbas, 2020). This result agrees with Costa et
al. (2016) results that clarified genetic
relationships among closely related orchard
grass species by more than biochemical and
molecular markers like combining RAPD-
ISSR (Guasmi et al., 2012; Verma et al.,
2017; Ninh et al., 2024). On the other hand,
the individual patterns of RAPD and ISSR
clustered Gizalll and Giza83 together with a
high GS that nominated them as a bad
parental combination due to the narrow
genetic distance between them.

2. Genotyping and Assessment of the F1
Hybrids:

Protein and RAPD profiles certified
the success of hybridization processes since
the hybrid profile showed variation from the
parental profile, documented by the lower
number of fragments in hybrids than parents
even by using the same primers. Also, ISSR
proved the hybridization process by detecting
molecular differences between hybrids and
their respective female parents. ISSR markers
verified eight soybean F1 crosses, selected
after excluding crosses with low field
performance based on displaying
morphological characteristics like those of
their respective female parents. These results
contribute to parental selection in future
soybean breeding programs. ISSR markers
evaluated the genetic variation within
collections of cultivated plants (Sonnante and
Pignone, 2001).

Our results confirm that ISSR
markers are efficient tools for discriminating
hybrids from the self-pollinated progeny of
female parents in controlled crosses. ISSR
effectively fingerprinted and differentiated
plants with highly similar morphological
characteristics. The hybridity status was
verified by comparing amplified polymorphic
bands between F1 hybrids and female parents.
These results agreed with the results of
Bianco et al. (2011) that ISSR markers are
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effective in seed purity estimation and
prediction of F1 hybrid characteristics in
several plants, including artichokes.

Akladious and Abbas (2020) used
SH4 and SH9 primers for association with
water stress tolerance in barley genotypes.
Thus, the highest percentage  of
polymorphism between male and female
parents and between F1-hybrids and female
parents in our study was with SH9 primer
followed by SH4. A comparison of allelic
patterns between parental and hybrid
genotypes showed that some alleles (375 bp
with primer SH11) were present in D89-89-
40 x Toano and D89-89-40 x Giza83 despite
the absence from parental genotypes. In
contrast, some bands were present in parental
genotypes but were absent in the hybrid
plants. For example, the allele of 4086 bp was
absent in D89-89-40 x Giza83 and Line30 x
Giza83 but was present in both its parental
genotypes with primer SH2. Also, many
alleles disappeared in other hybrids like
Line30 x Toano, D89-89-40 x Toano, and
Line30 x Giza83 with primer SH10. Other
hybrids did not give any product with primers.

Different allelic patterns between
parents and hybrids that produce novel allelic
patterns could be due to nucleotide changes in
flanking regions for primer annealing,
chromosomal crossing over during meiosis,
and loss of primer attachment pair sites in
each genotype (Sheidai et al., 2008). This
phenomenon has also been reported in other
plant species hybrids (Sushir et al., 2008).

3. Yield Traits and Hybridization
Compatibility with Regards to Genetic
Similarities:

RAPD and ISSR revealed the highest
similarity between Gizalll and Giza83, so
they were non-compatible parents due to the
narrow genetic distance (GD) between them.
Giza83 x Gizalll crosses were not
distinguishable regarding all tested yield traits
with values less than parents. Our results
agreed with the quantitative genetic theory
that heterosis requires GD between parents at
heterotic quantitative trait loci since a positive
association between heterosis and GD even
varied in strength (Wirschum et al., 2023).
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Also, results agreed with the theory of optimal
mating distance (OMD), which predicts that
the GD between parents is neither too small
nor too large for maximizing heterosis and
hybrid fitness while avoiding genetic
incompatibility (Wei and Zhang, 2018).

Gizalll was a promising parent
since possessing the most distinguishable
yield traits and the highest GD from Line30
and D89-8940 according to all the used
markers. Gizalll had the highest number of
pods and seed yield/plant compared to other
parents. Thus, the crosses Line30 x Gizalll
and D89-8940 x Gizalll had the highest seed
yield/plant and pod number compared to their
parents. These results referred to the adequate
combining ability due to the considerable GS
between Gizalll and the parental genotypes
Line30 or D89-8940. The additive effect of
Gizalll suggested its dominance regarding
yield/plant and number of pods over all the
other parents according to the derived hybrid
results, offering hybrid superiority.

The distinguishable number of
branches in Giza83 enabled hybrids to reach
values higher than their parents (hybrid
superiority), suggesting Giza83 dominance
over the other parent in the crosses Line30 x
Giza83 and D89-8940 x Giza83. Line30
dominance over Giza83 was suggested
regarding the number of pods, 100-seed/plant,
and vyield/plant since Line30 x Giza83 had
better results than the parent Giza83. Our
results agreed with the results of Wirschum
et al. (2023) that endorsed the phenotypic
superiority of a hybrid over both parents
based on the dominance model that proposes
hybrid complementation for the prejudicial
alleles present in the parents at many loci by
dominant alleles from the other parent. On the
other hand, it was unclear whether heterosis
results from dominance, overdominance, or
positive intergenic epistasis (Lippman and
Zamir, 2007). Siles et al. (2004) and Abd EI-
Aty et al. (2023) added that the significant
correlations between traits cause additive
and/or variety heterosis effects for genes
controlling grain yield, plant height, and spike
length in either the same or in coupling phase
linkage. Some parents had an adverse effect
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regarding certain traits like seed/plant that
significantly diminished in Toano X Giza83
to reach the minimum among parents and
hybrids. This result suggested the species
incompatibility (Seidel et al., 2008; Corbett-
Detig et al., 2013; Cutter, 2012). The species
incompatibility was described by inbreeding
and outbreeding depression (Lynch, 1991) as
a converse of heterosis that led to a vigor
decrease of the hybrid due to close relatives
mating or when deleterious recessive alleles
becoming homozygous, resulting in a hybrid

necrosis  phenomenon (Bomblies and
Weigel 2007; Li and Weigel 2021).
The phenotypic superiority or

inbreeding depression in hybrids might be due
to gene action with each other and the new
appearance or disappearance of some alleles
in the hybrid to satisfy hybrid
complementation for some deleterious alleles,
as the ISSR pattern showed. For example,
D89-89-40 x Giza83 exerted de novo
presence of an allele of 375 bp with primer
SH11 but the absence of an allele of 4086 bp
with primer SH2 compared to parents,
accompanied by hybrid superiority to the
number of branches, number of pods, and 100
seed/plant but inbreeding depression of
seeds/plant. This result could suggest a
somewhat relation between the
presence/absence of the mentioned alleles and
the hybrid superiority/inbreed depression
regarding the tested yield traits. Also, the de
novo presence of an allele of 375 bp with
primer SH11 in D89-89-40 x Toano but the
absence of an allele of 4086 bp with primer
SH2 in Line30 x Giza83 compared to parents,
accompanied by hybrid superiority to the
tested yield traits. Moreover, the varied
number of fragments between parents and
hybrids indicated the de novo presence or
absence of some alleles according to protein
and RAPD patterns. This result is explained
by the potential occurrence of dominance,
overdominance, or positive intergenic
epistasis to satisfy heterosis and hybrid vigor
(Lippman and Zamir, 2007). and hybrid
complementation (Wirschum et al., 2023).
Conclusion
This  work

reported a high

Mona H. El-Hadary et. al.

polymorphism among five G. max genotypes,
and their F1 hybrids with GS ranged from too
narrow to moderate based on patterns of
RAPD, ISSR, RAPD+ISSR, and protein
profiling. Breeding incidence was ensured by
ISSR pattern scoring for hybrids, which relied
on polymorphic bands between male and
female parents and polymorphic bands
between F1 hybrid and female parents.
Line30 and D89-8940 had the highest number
of unique loci, while Gizalll had a moderate
number according to RAPD, ISSR, and
protein profile. Toano, Giza83, and Line30
had the highest polymorphism according to
ISSR, while Line30 and D89-8940 had the
highest polymorphism according to RAPD
and protein.

The GS among parental genotypes
can play a relative indicator for excluding
some parents with high similarity following
optimal mating distance theory. For example,
Giza83 X Gizalll was a bad cross due to the
highly similar entities between the parents.
However, the combination of parents with
moderate GS entities like Gizalll and
enriched with segregated and marker loci like
Line30 and D89-8940 represented a well
polymorphic genetic pool for hybrid
superiority compared to parents regarding
yield traits. This study suggested some hybrid
complementation by de novo presence or
absence of specific alleles compared to
parents as derived from the ISSR pattern of
D89-89-40 x Giza83, Line30 x Giza83,
Line30 x Toano, and D89-89-40 x Toano. The
superiority of some hybrids derived from
parents with low performance (D89-8940)
was satisfied when crossed by good parents
(Gizalll or Giza83) regarding some Yyield
traits.

The study recommends Gizalll as
a compatible parent for crossing with Line30
or D89-8940 due to the superiority of hybrids
over parents regarding the branch number,
pod number, 100-seed/plant, and seeds/plant.
Also, the crossing of Giza83 with Line30
regarding all tested traits and with D89-8940
regarding the number of branches and 100-
seed/plant resulted in hybrid superiority. The
study concludes that Toano mostly was an


https://link.springer.com/article/10.1007/s00122-023-04436-5#ref-CR39
https://link.springer.com/article/10.1007/s00122-023-04436-5#ref-CR7
https://link.springer.com/article/10.1007/s00122-023-04436-5#ref-CR8
https://link.springer.com/article/10.1007/s00122-023-04436-5#ref-CR3
https://link.springer.com/article/10.1007/s00122-023-04436-5#ref-CR17

Glycine max Genotypes Polymorphism and Their F1 Hybrids’ Traits

incompatible parent with other parents,
causing inbreeding depression, suggesting
Toano was a parent of too far GD based on
the markers set. Gizalll and Giza83 were not
compatible parental combinations. Gizalll
was a compatible parent with Line30 or D89-
8940. Giza83 followed Gizalll in
compatibility with Line30 or D89-8940.
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