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Abstract

A half diallel set of five- parents of pea (Pisum sativum L.) was used to study
the inheritance of four seed quality traits in addition to the differences in soluble
protein patterns. The studied traits included 100 green seed weight, sugar percent-
age, starch percentage and protein content. The variances of SCA were higher in
magnitude than those of GCA for total sugar and starch contents which indicated
that non-additive effects were higher than the additive effects for these characters.
Both additive and non-additive effects were important in controlling protein content.
Meanwhile, the variance of GCA exceeded SCA by 50 folds in 100 green seed
weight indicated the predominance of additive effects in the inheritance of such trait
than non-additive effects. The cultivars Lincoln and Victory Freezer displayed the
highest significant “gi” positive values for total sugar and 100 green seed weight.
Both Master B and Dwarf Gray Sugar followed by Alaska were the best combiners
for starch and protein contents. Dominance effects due to specific crosses and/or
epistasis were found for all studied characters. Negative and significant correlations
were observed between total sugar content and each of starch and protein contents.
The electrophoretic analysis of protein profiles revealed genetic differences among
the tested parents as well as among their F; crosses. Most of these noticeable varia-
tions were the existence of high numbers of protein bands in the hybrids as com-
pared with their parents. The relationships among the five garden pea varieties were
studied using the UPGMA cluster analysis based on data recorded from their protein
profiles and the four seed traits.
Keywords: Combining ability, diallel cross, gene action, heterosis, mating systems.

Introduction

Pea (Pisum sativum L.) is one of
the important favorable vegetable
crops grown in Egypt. The breeders
worldwide have given a great atten-
tion to this crop. Therefore, the focus
should be on selecting parents to get
better recombination and superior
segregations. Information on magni-
tude of genetic variability in the base
material and the vast of variability for
desired characters and There associa-
tions is needed to develop a new ver-
ity (Adams 1967, Coyne, 1968 and
Zayed et al., 2005). Green peas con-

tain a nutritionally favorable compo-
sition of macronutrients, protein con-
tent, low fat and high fiber (National
Food Administration 1, 2002), in ad-
dition to starch with a low glycemic
index (Foster-Powell et al., 1995).
Among micronutrients, peas have
high carotene, thiamine, ascorbic
acid, riboflavin content and they are
rich in iron (Nilsson, J., R., ef al.,
2004). Due to increased demand for
protein-rich raw materials to feed
animals or intermediate products for
human nutrition, and high protein
level (23-33%, Cousin et al., 1985) in
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peas there is increasing interest in this
crop as a source of protein (Santalla
etal.,2001).

It was reported that frequent use
of a few parents in breeding programs
has resulted in reduced genetic diver-
sity among pea varieties (Baranger et
al. 2004). However, Nizar et al.
(2011) found a significant level of
variability available to breeders. They
suggested that the use of varieties and
genotypes of different origins are use-
ful for genetic improvement without
loss of genetic diversity in peas. The
success of genetic improvement and
the effectiveness of a breeding pro-
gram are attributed to the nature and
magnitude of genetic variability pre-
sent for a specific trait. So the diverse
genetic background provides a desir-
able allelic variation in parental lines
to produce new and valuable combi-
nations (Taran et al., 2005).

Diallel analysis (Haymen, 1954)
and (Griffings, 1956) offers a poten-
tial means of obtaining information
about parental combinations in terms
of general and specific combining
ability (GCA and SCA), direction and
magnitude of dominance and over-
dominance and nature and extent of
gene action. The estimates of GCA
and SCA variances provide an appro-
priate diagnosis of the predominant
role of additive or non-additive gene
action. The GCA and SCA effects
will help to locate the parents and
their crosses that are responsible for
bringing about particular type of gene
action. (Nandarajan and Gunsekaran,
2005). GCA provides information
about the importance of genes with
additive effects while SCA indicates
the importance of non-additive ef-
fects. Heterosis and combining ability
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which identify the hybrids with high
performance are the most important
criteria in breeding programs (Cey-
han and Avci, 2005). Cross combina-
tions displaying hybrid vigor can be
utilized for developing high yielding
lines of field pea.

Heterosis or hybrid vigor in
plants is the superior performance of
the F1 progeny with respect to the
parental lines (Shull 2007). Due to
the complexity of heterosis, specific
biochemical pathways have not been
established to reveal a direct link to
multi-genic heterosis (Rockenbach et
al. 2018). However, different molecu-
lar approaches have been reported
with different trends including pro-
tein accumulation, specific functions
of protein, epigenetic modification,
and post-transcriptional and post-
translational modifications that also
regulate heterosis in different devel-
opmental stages of the plant (Chen
2013, Fu et al., 2011, Vale et al.,
2016 and Xing and Sun 2016). Such,
different studies have successfully
been used to identify biological proc-
esses and proteins associated with
heterosis in corn (Marcon et al.,
2013), sunflower (Mohayeji et al.,
2014), papaya [Vale et al., 2016] and
popcorn (Rockenbach et al., 2018).

In view of above mentioned, the
present investigation was, therefore,
undertaken to study the inheritance
and exploit the elite parents and their
potential combinations for some im-
portant pea seed traits, in addition to
the analysis of electrophoretic solu-
ble protein profiles among five pea
cultivars and their ten half-diallel
CrosSes.
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Materials and Methods

This investigation was carried
out at the Vegetable Department Ex-
perimental Farm, and the Biotechnol-
ogy Laboratory, Department of Ge-
netics, Faculty of Agriculture, Assiut
University during two winter seasons,
2016 /2017 and 2017/2018. Seeds of
five Garden pea (Pisum sativum L.)
cultivars namely; Lincoln, Victory
Freezer, Dwarf Gray Sugar, Alaska
and Master B. were planted in pre-
irrigated soil which had about 50% of
its available moisture. In 2016, Octo-
ber 10. these five cultivars were
crossed to produce the 10 half-diallel
crosses. In the next season, the 10 F,
crosses in addition to their 5 parents
were sown in a randomized complete
block design, with three replicates.
The plot of each of the parental culti-
vars and the F;’s consisted of one row
of 10 plants spaced 30 cm within 60
cm wide rows. The recommended
cultivation practices including irriga-
tion, fertilization and pest and weed
control were applied according to
Waly and Abdel-Aal (1992). The fol-
lowing traits were recorded: 100
green seed weight (g), while sugar,
starch and protein contents (g/100g
F.W.) according to A.O.A.C. (2000)
for seeds, directly after harvesting.. In
addition, soluble protein profiles of
the parents and their F, hybrids were
determined using SDS polyacryla-
mide gel electrophoresis.

Statistical Analysis:

The genetic analyses were based
on the method proposed by Griffing
(1956), method 2 model 1.
Electrophoresis of soluble protein:

Soluble protein was extracted in
order to study the genetic differences
between pea varieties and the differ-
ential expressions of proteins be-
tween pea hybrids and their parents.
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Soluble proteins were extracted from
pea leaves of the 5 varieties and their
10 F; hybrids using equal volumes of
the extraction buffer (0.1 M Tris-HCl
+ 2% glutathion + 2.0mM EDTA, pH
7.8). Protein analysis by SDS electro-
phoresis were carried out as described
by Laemmli (1970) with 12.0% poly-
acrylamide and 1.0 % SDS (w/v) un-
der denaturing conditions. Protein
bands were detected by staining the
gel with Commassie Blue R. For
good resolution of protein bands, the
gel was destained by repeated immer-
sion in the destaining mixture (1
methanol: 1 acetic acid: 8 water, by
volume). The relative mobility of
protein bands (Rf) were determined
for each protein bands according to
Philip et al. (2011). Protein bands
were scored as present (1) or absent
(0). Genetic similarity (Gs) and ge-
netic distance (Gd) were calculated
according to Nei and Li (1979). The
dendrogram cluster analysis based on
similarity estimates was carried out
by the software package MVSP
(Multi-Variate Statistical Package)

using the unweighted pair-group
method with arithmetic average
(UPGMA).

Results and Discussion

The mean performance of seed
characters (total sugar, starch and
protein contents) in addition to 100
green seed weight of five pea culti-
vars and their F1 hybrids are found in
Table (1). The analyses of variance of
these traits showed highly significant
differences between the tested geno-
types in all traits, which indicate a
wide range of genetic variability for
the studied traits and hence, the feasi-
bility for genetic improvements of
such genetic traits of pea seeds (Table
2).
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Table 1. Mean performance of different studied traits in five garden pea (Pisum
sativum L.) parental cultivars and their F; half-diallel crosses.

Total sugar | Starch content | Protein content 100 green
Genotypes o, o, o seed weight
(1) (1) (1) (g)
1- Lincoln 7.197 0.363 5.473 55.33
2- Alaska 6.647 0.917 5.663 32.33
3- Victory Freezer 6.717 0.183 5.340 58.33
4- Master B 6.757 0.520 5.653 42.00
5- Dwarf Gray Sugar 6.603 2.123 5.443 37.67
1x2 6.200 1.357 5.557 48.33
1x3 8.507 0.597 5.910 60.33
1x4 3.370 2.647 5.173 50.33
1x5 3.753 0.973 5.813 49.67
2x3 4.820 2.763 6.313 48.33
2x4 2.600 1.790 8.493 39.33
2x5 3.310 1.673 8.493 36.33
3x4 3.157 2.430 7.420 53.33
3x5 3.733 0.543 8.063 53.00
4x5 2.647 3.277 8.947 44.33
L.S.D 0.05 0.053 0.053 0.053 3.127

Table 2. Analyses of variance for different studied traits in five garden pea culti-
vars and their their half diallel crosses.

Source of DF Total sugar | Starch content | Protein con- | 100 green seed

variance % % tent % weight (g)
reps 2 0.001 0.001 0.005 7.400
genotypes 14 11.40%%* 2.953%%* 5.498** 209.9%*
Error 28 0.001 0.001 0.001 3.495

General (GCA) and specific (SCA)
combining ability:

General and specific combining
ability estimates (GCA and SCA)
help in the identification of best com-
biner and promising parents and de-
sirable crosses for the improvement
of plant traits through selection and
breeding. The variance of GCA and
SCA identify the relative importance
of additive and non-additive causes of
variation (Peng and Virmani, 1999).
In the present study, mean squares of
GCA and SCA estimates were highly

significant for all studied traits (Table
3). The variances of SCA were higher
in magnitude than those of GCA for
total sugar (GCA/SCA=0.736), starch
(GCA/SCA=0.669) and  protein
(GCA/SCA=0.933) contents which
indicated that dominance effects were
higher than the additive effects for
these characters. Similarly, several
studies found that the SCA variances
were higher than the GCA variances
for all the studied traits, thus indicat-
ing predominance of non-additive
gene action for these traits (Kalia and
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Sood, 2009; Singh et al., 2010; Mo-
tamedi et al., 2014 and Singh and La-
vanya, 2014).

The percentage of GCA/SCA in
protein content gets relatively to the
unity (0.933) indicating that both ad-
ditive and non- additive effects are
important in controlling this trait.
Meanwhile, the variance of GCA ex-
ceeded SCA variance by 50 fold in

100 green seed weight indicated the
predominance of additive effects in
the inheritance of such trait than
dominance effects. Similarly, Suman
et al, (2017) found a predominance of
additive gene effects for 100 green
seed weight, therefore, it is suggested
that selection in F; generation may be
either following progeny or simple
recurrent selection.

Table 3. Mean squares of general (GCA) and specific (SCA) combining ability for
different studied traits in five garden pea cultivars.

Source of DF Total sugar Starch con- | Protein con- | 100 green seed
variance % tent % tent % weight (g)
G.C.A. 4 9.076** 2.182%** 5.231** 699.7**
S.C.A. 10 12.33%* 3.262%* 5.605%* 13.91**
Error 28 0.001 0.0005 0.0014 3.495
GCA/SCA 0.736 0.669 0.933 50.302

The estimates of GCA effects
for each parent revealed that the cul-
tivars Lincoln and Victory Freezer
displayed the highest significant “gi”
positive values for total sugar and
100 green seed weight (Table 4).
Both Master B and Dwarf Gray Sugar
followed by Alaska were the best
combiners for starch and protein con-
tents. Meanwhile, the cultivars
Alaska, Master B and Dwarf Gray
Sugar displayed significant negative
“g1” values indicating the existence of
favorable genes for low sugar con-
tent. These results reflect the exis-
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tence of favorable genes for all stud-
ied traits in the tested parental geno-
types, which could be utilized in the
breeding programs to improve pea.
This finding is coherent with that of
Kalia and Sood (2009).

The significant correlations be-
tween gi estimates and the mean per-
formance of parental genotypes in
total sugar (r=0.690), starch content
(r=0.644) and 100 green seed weight
(r=0.999) indicated the efficiency of
phenotypic value for detecting the
potentiality of parents for inclusion in
cross breeding programs (Table 4).
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Table 4. Estimates of general combining ability effect for different studied traits in

five garden pea cultivars.

Parents Total Starch content | Protein content | 100 green seed
sugar % % % weight (g)

1- Lincoln 0.831** -0.366** -0.815%* 5.105*

2- Alaska -0.026** 0.079** 0.154%** -6.657

3- Victory Freezer 0.463** -0.309** -0.102%* 6.867**

4- Master B -0.731** (0.3327%* 0.320%** -1.752

5- Dwarf Gray Sugar| -0.537** 0.264** (0.443%** -3.562**
SE gi-gj 0.0005 0.0005 0.0005 0.15
Tgi/parents 0.690** 0.644** 0.311 0.999**

r = correlation between gi estimates and the mean performance of parental cultivars.

The significant amount of
dominance effects (non-additive) for
any trait is generally a prerequisite
for exploitation of heterosis. In the
present study, dominance effects due
to specific crosses and/or epistasis
were found for all studied characters
(Table 5). Epistatic effects in the per-
centage of total sugar was only indi-
cated by the highly significance of
positive Sij value of the cross “1X3”
followed by the cross “1X2” while;
the other crosses showed significant
negative Sij values. Three crosses
(1X4, 2X3 and 4X5) revealed highly

significant positive epistasis (sij val-
ues) in percent of starch content
while; the other crosses showed sig-
nificant negative Sij values. The six
crosses (1X3), (2X4), (2X5), (3X4),
(3X5) and (4X5) displayed signifi-
cant Sij positive values for percent of
protein content while; the other four
crosses showed significant negative
Sij values. In 100 seed weight, three
crosses [(1X2), (3X5) and (4X5)]
showed highly significant positive sij
values while; (1X3) and (3X4)
showed significant positive sij values.

Table 5. Estimates of specific combining ability for different studied traits in the F;
half diallel crosses of five garden pea culticars.

Total sugar |Starch content| Protein content | 100 green seed weight
Crosses % % % ()
1x2 0.327** 0.167** -0.300%** 2.619**
1x3 2.145%* -0.205%* 0.310** 1.095*
1x4 -1.797** 1.204** -0.849%** -0.286
1x5 -1.609** -0.402%* -0.332%* 0.857
2x3 -0.685%* 1.516** -0.256** 0.857
2x4 -1.710** -0.098** 1.502%* 0.476
2x5 -1.95%* -0.147%* 1.379%* -0.714
3x4 -1.643%* 0.930** 0.686** 0.952*
3x5 -1.261** -0.889** 1.206** 2.429%*
4x5 -1.153** 1.204%** 1.667** 2.381**
SE sij-sik 0.0002 0.0001 0.0004 0.893
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Phenotypic correlation between the
studied traits:

Phenotypic correlation coeffi-
cients for all comparisons among the
studied seed traits are presented in
Table (6). Negative and significant
correlations were observed between

total sugar content and each of starch
and protein contents. These findings
indicate that selection for low sugar
content would be accompanied by
high starch content and improved
protein content in pea seeds.

Table 6. Phenotypic correlation coefficients among studied traits of garden pea

cultivars.
Characters Total | Starch con- | Protein con- | 100 green seed
sugar % tent % tent % weight (g)
Total sugar % -- -0.623** -0.719** 0.229
Starch content % -- 0.386 -0.288
Protein content % -- -0.245

100 green seed weight (g)

*Correlation is significant at the 0.05 level (2
level (2-tailed).

Protein analysis:

Electrophoretic analysis of pro-
tein patterns in the 5 parents of pea
plants and their F,'s are found in Fig-
ure (1) and summarized in Table (7).
In addition to variations in band in-
tensity, the results showed clear
variations in the number of polypep-
tide bands among the tested parents.
The cultivars Victory Freezer and
Master B showed the highest number
of protein bands (13 bands, each)
while the lowest (10 bands) obtained
by Alaska and Dwarf Gray Sugar.
Lincoln displayed 12 protein bands.
These differences reflect the genetic
variability between the tested parents
at molecular level which was substan-
tiated before at phenotypic level of
the five studied traits (Table 2).

On the other hand, the F,
crosses revealed quantitative and
qualitative differences in their protein
profiles (Fig.1 and Table 7). Most of
these noticeable variations are the ex-
istence of high numbers of protein
bands in the hybrids as compared
with their parents. In this instance,

-tailed). **. Correlation is significant at the 0.01

the number of protein bands ranged
from 10 to 13 in the 5 parents and
from 13 (Lincoln X Dwarf Gray
Sugar) to 20 (Lincoln X Alaska) in
their F, hybrids. Since the F, crosses
showed significant heterosis in one or
more traits as mentioned above, these
high numbers of protein bands may
be due to heterosis or hybrid vigor in
plants of pea crosses. In addition, this
increase in gene expression as re-
vealed by protein patterns also play
an important role in hybrids during
early stages of plant development for
fast growing and better hybrid per-
formance (Marcon et al., 2010 and
2013). To date, protein analysis has
been successfully used to analyze
heterotic patterns in wheat, corn, sun-
flower, papaya and popcorn (Marcon
et al., 2013, Mohayeji et al., 2014,
Vale et al. 2016 and Rockenbach et
al., 2018). They reported that differ-
ential expressions of proteins be-
tween plant hybrids and their parents
are involved in signal transduction,
metabolic reaction, cell division and
disease defense.
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Table 7. Survey of the soluble protein bands in in five garden pea parents and their
F; crosses.
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Fig. (1): Electrophoretic patterns of Protein profile detected in five garden pea parents

and their F; crosses.

Genetic relationship between the
parents

Highly genetic similarity (Si
78.6) and shortest genetic distance
(0.241) was found between Lincoln
and Victory Freezer (Table §). While,
Victory Freezer and Dwarf Gray
Sugar displayed the longest genetic
distance (0.629) and lowest similarity
(Si=53.3).

These genetic distances were il-
lustrated in the UPGMA cluster
analysis (Fig. 2). The dendrogram re-
vealed that the five parents were dis-
tributed in two main clusters within
overall 57.9 genetic similarity (GS).
In the 1% cluster, Lincoln and Victory
Freezer were clustered together firstly
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at 78.6 GS, and then clustered with
Alaska within branched-off 66.8 GS.
Master B and Dwarf Gray Sugar were
grouped together in the 2™ cluster at
64.3 GS.

Based on the 5 tested traits of
pea seeds, the UPGMA cluster analy-
sis of the five parents was constructed
and illustrated in Fig. 3. Similar trend
in the distribution of parents was ob-
served in both protein based dendro-
gram and seed-traits dendrogram. In
the dendrogram based on seed-traits,
Lincoln and Victory Freezer were
grouped together firstly in the 1
cluster while Master B and Dwarf
Gray Sugar found in the 2™ cluster
and then with Alaska. These results
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reflect the close correlation between gene expression as revealed by pro-
the studied traits of pea seeds and tein patterns in the five pea varieties.

Table 8. Genetic similarity (lower left diagonal) and distance (higher right diago-
nal) values between the five garden pea cultivars calculated using their solu-
ble protein profiles.

pea varieties 1 2 3 4 5
1- Lincoln -- 0.368 0.241 0.574 0.562
2- Alaska 69.2 -- 0.441 0.441 0.619
3- Victory Freezer 78.6 64.3 -- 0.470 0.629
4- Master B 56.3 64.3 62.5 -- 0.441
5- Dwarf Gray Sugar 57.0 53.8 53.3 64.3 --
UPGMA
Dwarf Gray Sugar
643
Master B
57.9
Alaska
66.8
Victory Freezer
78.6
Lincoln

T 1
52.0 60.0 68.0 76.0 84.0 92.0 100.0

Jaccard's Coefficient

Fig. (2): Dendrogram demonstrating the relationships among five garden pea cultivars
based on data recorded from their soluble protein profiles.
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4.62

Master B

7.57

19.53

Alaska

3.04

Lincoln

T T T T

Euclidean

4.0 0.0

Fig. (3): Dendrogram demonstrating the relationships among five garden pea cultivars
based on data recorded from the four seed traits.
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