
 

Available online freely at www.isisn.org 

Bioscience Research 
Print ISSN: 1811-9506 Online ISSN: 2218-3973 

Journal by Innovative Scientific Information & Services Network  

RESEARCH ARTICLE             BIOSCIENCE RESEARCH, 2018 15(4):4417-4432.          OPEN ACCESS 
  
 

Studies on gene effects and combining ability for 
some characteristics of pea (pisumsativum) new 
linesin Egypt 

Shaalan M. A. A.1, Sliman. A. S.1 El-Sayed. S. F, 2Amira Sh.Soliman3 and Mohamed 
S. Abbas3 
 
1Horticulture Research Institute, Agricultural Research Center, Ministry of Agriculture, Egypt 
2Vegetable crops Department, Faculty of Agriculture, Cairo University, Egypt 
3Natural Resources Department, Institute of African Research and Studies, Cairo University, Egypt. 
  
*Correspondence: mohamed.shalan653@yahoo.com Accepted: 05Dec. 2018Published online: 31Dec. 2018 

A genetic study, by veing fingerprinting of leaf DNA (based on RAPD-PCR) was conducted under the 
field condition in the tow winter seasons of  2016/2017 and 2017/2018 at the farm of Kaha Research 
Station, Horticulture Research Institute, Agriculture Research Center, Ministry of Agriculture at Kalubia 
Governorate, on 5x5 diallel cross of pea (Pisumsativum). Combining ability, heterosis and genetic 
parameters were estimated for 12 important agronomic traits. Results revealed that the variances due to 
GCA and SCA were highly significant for most of the traits studied indicating the importance of both 
additive and non-additive gene effects. The parent P5 and P1 behaved like the best general combiners 
for early flowering and dwarf parent. SCA estimates indicate that the shortest crosses were P3×P4, 
P2×P4, P1×P5, P2 × P5 and P1× P2 for plant height. The heterosis expression for number of pods per 
plant varied with values ranging from -13.50 % to 2.58% for all types of heterosis with 4 and zero 
crosses. The genetic components of variation suggested the importance of both additive and non -
additive gene actions for most of the traits. The Graphical analysis highlighted over dominance model as 
the regression line intercept Wr axis below the point of origin for 100-seed weight trait, showing type of 
gene action with over dominance controlling the genetic mechanism of this trait. However, it highlighted 
partial dominance model as the regression lines intercepts Wr axis above the point of origin for seed dry 
yield, total protein and sugars content traits, showing additive type of gene action with partial dominance 
controlling the genetic mechanism of these three traits. The similarity matrix for DNA which attained 
0.957 pointed that parent P2 was relative to parent P1 and the opposite was true between parent P4 and 
all the other genotypes where the similarity reached 0.853.The dendrogram of the tested five parents 
revealed two clusters A and B. The first cluster A included two sub-clusters a and b. The sub-cluster a 
contained both parents P1 and parent P2. Sub-cluster b included parent P3 and parent P5. In cluster B it 
confined only parent P4. 
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INTRODUCTION 

Garden pea (PisumsativumL.), belongs to 
Leguminosae family, is one of the most popular 
vegetable crop grown all over the world, both for 
fresh market and the food processing industry. It 

has a prominent place among vegetables due to 
its high nutritive value, particularly proteins and 
other health-building substances like 
carbohydrates vitamin A, vitamin C, calcium and 
phosphorus (Sharma, 2010). Yield is a complex 
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trait and is an ultimate product of the action and 
interaction of a number of traits which may be of a 
complex nature in inheritance. Therefore, the 
behavior of yield components is considered 
important for pea breeders to deal effectively with 
such trait. In Egypt and Morocco, pea 
(Pisumsativum L.) is one of the most important 
vegetable crops for both local consumption and 
exportation. So, it is of interest to increase its 
yield’s quality and quantity to fulfill the exportable 
and/or locality demands. This can be attained 
through the intensive efforts by plant breeders. 
The plant breeder is interested in estimating the 
combining ability and type of gene action to 
formulate the most efficient breeding procedure 
for achievement of maximum genetic 
improvement of the attributes in question. 
Besides, to identify desirable parents and cross 
combinations as genetic resources for improving 
yield and its components.Diallel mating systems 
have been applied to study the general and 
specific combining ability in different hybrid 
combinations of pea by various authors, their 
relative importance. Anyway, the magnitude of 
additive vs. non-additive gene effects is expected 
to vary from one hybrid combination to another. 
Several researchers reported the importance of 
both additive and non-additive effects in the 
genetic control of yield and its components in pea. 
(Espinosa and Kandeel, 2005; Ranjan et al., 
2005; Narayan, 2006; Pandey et al., 2006, 
Sharmaand Bora, 2013, Dalia and El-Rawy, 
2013).Biochemical markers received more 
attention in years from the crop geneticists for 
assessment of genetic variability (Rabbani et al., 
2001 and Nawroz et al., 2015). The aim of the 
present study was to determine the genetic 
relationships among several Egypt pea lines with 
the help of RAPD markers profile. 
 
MATERIALS AND METHODS 

This study was done in the winter seasons of 
the two years of 2016 and 2017 at the farm of 
Kaha Research Station, which belongs to 
Horticulture Research Institute, Agriculture 
Research Center, and Ministry of Agriculture at 
Kalubia Governorate. For identification of 5 lines 
of pea Vegetative growth traits and pod traits 
(green and dry yield), were examined chemically 
and genetically. Seeds of the 5 lines peas were 
obtained from the Vegetable Research 
Department, Horticulture Research Institute, Giza. 
The material used in this study consisted of five 
diverse lines of Pea (Pisum sativum L.) that were 
crossed in a diallel pattern without reciprocals to 

produce 10 F1 hybrids in the 2016/2017 season. 
In season 2017/2018, seeds of the 5 lines parents 
and 10 hybrids were planted in the field for 
evaluation on 1st October using a randomized 
complete block design with three replicates. Each 
entry of the di-allel cross was be represented in 
each block by a one-row plot having 10 plants, 
spaced 20 cm apart, on rows set  at 60 cm from 
each other. At harvest, plant height (cm), number 
of branches, date of 50% flowering, pod length, 
pod width, number of pods per plant, number of 
seeds per pod, seed weight of 10-pods,100-dry 
seeds weight, dry seed yield, total crude protein 
and total sugars (total crude protein and total 
sugars were determined as described in A. O. A. 
C. 1980). 

The intraspecific relationships among the 
tested genotypes of peas were followed by using 
RAPD- PCR markers as a first step toward the 
development of a complete fingerprint for these 
parents and the beast crosses selected. 

DNA extraction 
Genomic DNA was isolated from young leaf 

tissue from five individuals of each cultivar using 
the CTAB protocol of Doyle and Doyle (1987) as 
described by Smykal (2006) and Smykal et al., 
(2008). PCR reaction was conducted according to 
Williams et al., (1990) to detect RAPD markers 
using ten are betray 10-mer primers 

Data were scored for computer analysis 
based on presence/absence of amplified products 
for each primer. To facilitate computer analysis, a 
product (or a marker) was designated (1) when 
present in any given genotype, while designated 
(O) when absent after excluding un-reproducible 
bands. Similarity matrix comparison on pairs of 
parents and crosses based on shared 
polymorphic band over total number of bands 
were used to generate similarity coefficients 
according to Jaccord (1908). The similarity 
coefficients were then used to construct a 
dendrogram tree by UPGMA (un weighted pair-
group method with arithmetical averages) using 
NTSYS-pc (Rohlf, 1993). 

Statistical analysis 

A half- diallel analysis of 5×5 as developed by 

ANOVA for combining ability analysis in method 2 
model 1, according to Griffing (1956a) and Hyman 
(1954&1958) and Mather and Jinks (1971) was  
performed on the collecting data. As data were 
subjected to analysis, according to Method 2 
Model I of Griffing (1956a) and Griffing (1956b). 
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Table. 1. Origin and description for growth habit seed, texture and flower color of the five Egyptian 
peas lines. 

 
 
 
 
 
 
 

 
Hort. R.I*Horticulture Research Institute. Giza, Egypt. 
 

Data of DNA were scored for computer 
analysis based on presence/absence of protein 
band or amplified products for each primer. To 
facilitate computer analysis, a product (or a 
marker) was designated (1) when present in any 
given genotype, while designated (O) when 
absent after excluding un-reproducible bands. 
Similarity matrix comparison on pairs of 
genotypes based on shared polymorphic band 
over total number of bands was used to generate 
similarity coefficients according to Jaccord (1908). 
The similarity coefficients were then used to 
construct a dendrogram tree by UPGMA 
(unweighted pair-group method with arithmetical 
averages) using NTSYS-pc (Rohlf, 1993).  
 
RESULTS AND DISCUSSION 

The analysis of variance for all studied traits, 
except pod width, and among crosses for seeds 
per pod, seed weight of 10 pods and number of 
pods as shown in Table (2), revealed highly 
significant differences among populations whether 
genotypes, parents, crosses or parents vs. 
crosses, indicating existence of adequate 
magnitude of genetic diversity among these ones 
which allow to improving these traits. The 
significance of average heterosis variance or 
parents vs. crosses indicates presence of 
adequate genetic diversity among the parental 
array, which resulted in valuable heterosis in the 
first generation hybrids. Analysis of variance for 
combining ability revealed that both GCA and 
SCA variance were highly significant for these 
traits, indicating the importance of both additive 
and non-additive gene effect for the expression of 
the all traits.The 5 x 5 half-diallel mating in Table 
(3) showed the significance of genotypic effects 
and their components. Both additive (a) and 
dominant effects (b) were highly significant. Within 
(b), each of the mean dominance effects (b1), the 
additional dominance effects due to the parents 
(b2) and the residual dominance effects (b3) were 
highly significant for plant height, branch number 

and date to 5% flowering days. The significant b2 
item illustrated an uneven distribution of dominant 
genes among the parents for these traits, 
reflecting that some parents harbored 
considerably dominant genes than others. The 
residual dominance (b3) which tests the part of 
the dominance unique to each F1, was significant 
for the three traits confirming the presence of 
specific dominance or combining ability in some 
crosses. Only the additional dominance effect due 
to the parent (P2) was highly significant for both 
number of seeds per pod and number of pods per 
plant, revealing an uneven distribution of 
dominant genes among the parents for both traits, 
and reflecting that some parents harbored 
considerably dominant genes than others. Within 
(b), only the additional dominance effects due to 
the parents (b2) was highly significant for each of 
seed dry yield, protein and sugar content 
revealing an uneven distribution of dominant 
genes among the parents for these traits, 
reflecting that some parents harbored 
considerably dominant genes than others. 
General combining ability effects (GCA) of the five 
pea parents for growth traits are shown in Table 4. 
The superior parents with valuable positive GCA 
effects and hence good performance were P3, P4 
and P2 for longest plant, P3 and P2 for numerous 
branches, P1 for seeds per pod and number of 
pods, P2 for longest pod and seeds per pod, P4 
for pod width and seeds per pod and P5 for seed 
weight of 10 pods and number of pods. On the 
other hand, high negative values would be useful 
from the breeder’s point of view. In this regard, P5 
and P1 behaved like the best general combiners 
for early flowering and dwarf parent (Table 4), 
revealing that both parents possessed more 
decreasing alleles towards earliness and 
dwarfness. It is worthy to mention as shown in 
Table 4&5, were found that some 
correspondences between performance and SCA 
effects were found for the most traits.  

 

Genotypes Plant height Dry seed texture Flower color source 

Line 1 (P1) Medium Wrinkled White Hort. R. I* 

Line 2 (P2) Short Wrinkled White Hort. R. I 

Line 3 (P3) Short Wrinkled White Hort. R. I 

Line 4 (P4) Medium Wrinkled White Hort. R. I 

Line 5 (P5) Tall Smooth White Hort. R. I 
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Table. 2. The analysis of variance for vegetative growth studied traits 

S.O.V DF 
Plant height 

(cm) 
No. of 

branches 

Date to 50% 
flowering 

days 

Pod length 
(cm) 

Pod 
width 
(cm) 

No. of pods 
 per plant 

No. of 
seed per 

 pod 

Seed weight 
 of 10 pod 

(g) 

100-seeds 
 weight 

(g) 

Dry seed 
Yield 
(Kg) 

Total crude 
 protein 

(%) 

Total  
sugars 

(%) 

Genotypes 14 953.60** 2.92** 36.75** 0.09** 0.014** 4.01** 7.04** 0.02** 2.14* 19185.05** 6.83** 3.13** 

parents 4 1723.03** 2.92** 41.58** 0.18** 0.032 8.24** 9.17** 0.04** 2.09 39776.00** 12.51** 6.30** 

crosses 9 716.68** 3.02** 33.94** 0.06 0.007 2.57** 6.77** 0.02** 2.16* 12164.97** 5.06** 2.07** 

P vs C 1 8.23** 1.94** 42.70** 0.01 0.004 0.01** 0.90 0.01 2.15 1.90 0.02 0.03* 

Error 28 0.260 0.022 0.628 0.027 0.014 0.019 0.419 0.004 0.898 20.931 0.100 0.004 

GCA 4 964.64** 2.41** 10.94** 0.08** 0.013 4.62** 6.63** 0.02** 1.99** 22316.48** 7.60** 3.64** 

SCA 10 59.16** 0.40** 12.77** 0.01 0.0013 0.02** 0.63** 0.00 0.20 26.43** 0.15** 0.01** 

Error 28 0.0867 0.0074 0.2093 0.009 0.0045 0.006 0.14 0.001 0.2994 6.9769 0.0335 0.0015 

GCA\ SCA > 1 > 1 ≤ 1 > 1 > 1 > 1 > 1 > 1 > 1 > 1 > 1 > 1 

 
 

Table. 3. A 5 x 5 half- diallel’s analysis of vegetative growth studied  traits 

Item DF 
Plant 
height 
(cm) 

No. of 
 branches 

Date to 50% 
 flowering 

 days 

Pod 
length 
(cm) 

Pod 
width 
(cm) 

No. of pods 
 per plant 

No. of seed 
 per pod 

Seed weight  
of 10 pod 

(g) 

100-seeds 
 weight 

(g) 

Dry seed 
Yield 
(Kg) 

Total crude 
 protein 

(%) 

Total 
sugars 

(%) 

A 4 964.64** 2.41** 10.94** 0.081** 0.013* 4.616** 6.63** 0.025** 1.99** 22316.48** 7.60* 3.6422** 

b1 1 2.74** 0.65** 14.23** 0.004 0.001 0.003 0.30 0.005 0.72 0.63 0.008 0.009* 

b2 4 57.19** 0.48** 7.56** 0.002 0.001 0.116** 1.26** 0.002 0.46 498.35** 0.36** 0.0965** 

b3 5 72.02** 0.28** 16.65** 0.016 0.002 -0.045 0.20 0.000 -0.10 -345.95 -0.0003 -0.068 

B 10 59.16** 0.40** 12.77** 0.009 0.001 0.024** 0.63** 0.001 0.20 26.43** 0.15** 0.0057** 

Error 28 0.09 0.01 0.21 0.009 0.004 0.006 0.14 0.001 0.30 6.98 0.03 0.0015 

a/b > 1 > 1 ≤ 1 > 1 > 1 > 1 > 1 > 1 > 1 > 1 > 1 > 1 
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Table. 4. General combining ability effects of five pea parents for vegetative growth traits, 2017. 

Parents 
 

Plant 
 height 

(cm) 

No. of 
branches 

Date to  
50% flowering 

 days 

Pod  
length 
(cm) 

Pod  
width 
(cm) 

No. of pods 
 per plant 

No. of seed 
 per pod 

Seed  
weight of  

10 pod 
(g) 

100-seeds 
 weight 

(g) 

Dry seed 
 yield 
(kg) 

Total crude 
protein 

(%) 

Total 
 sugars 

(%) 

P1 -15.40** -0.51** -0.50** 0.05 -0.05* 0.92** 0.35* -0.04** 0.67 20.98 0.96 0.72 

P2 4.05** 0.44** 0.55** 0.12** 0.02 -0.58** 0.30* 0.00 -0.76 -72.83 0.33 -0.37 

P3 12.88** 0.79** 1.19** -0.12** -0.04 -0.90** -1.65** -0.02 0.07 7.48 -0.80 -0.06 

P4 7.31** -0.48** 0.71** 0.06 0.05* -0.20** 0.92** -0.05** -0.22 -32.43 -1.38 -0.97 

P5 -8.84** -0.24** -1.94** -0.11 0.02 0.77** 0.07 0.10** 0.23 76.81 0.89 0.69 

LSD 

gi 
5% 0.2039 0.0595 0.3168 0.0656 0.0464 0.0546 0.2588 0.0265 0.3788 1.829 0.1267 0.0264 

1% 0.2751 0.0803 0.4274 0.0885 0.0626 0.0736 0.3491 0.0357 0.5111 2.467 0.1709 0.035 

gi-gj 
5% 0.5266 0.1537 0.818 0.1694 0.1199 0.1410 0.6682 0.0685 0.9783 4.722 0.3272 0.068 

1% 0.7103 0.2073 1.1036 0.2285 0.1617 0.1902 0.901 0.092 1.3197 6.3709 0.4414 0.0921 

 
Table. 5. Mean performance for vegetative growth studied traits of five parental pea genotypes and their F1 crosses, 2017. 

Genotypes 
Plant  
height 
(cm) 

No. of 
 branches 

Date to 50% 
 flowering 

 days 

Pod 
 length 

(cm) 

Pod  
width 
(cm) 

No. of  
pods per  

plant 

No. of seed  
per pod 

Seed weight  
of 10 pod 

(g) 

100-seeds 
 weight 

(g) 

Dry seed 
yield 
(g) 

Total crude 
protein 

(%) 

Total  
sugars 

(%) 

P1 41.42 1.32 35.90 9.27 1.03 15.07 8.33 10.68 14.77 842.37 8.11 14.70 

P 1 x 2 60.16 1.83 42.71 9.23 1.13 13.17 8.33 10.72 14.70 751.93 23.48 13.63 

P 1 X 3 74.87 3.98 41.57 9.10 1.07 13.03 6.33 10.65 15.68 842.68 22.29 14.16 

P 1 X 4 72.31 1.08 36.18 9.17 1.15 13.90 10.00 10.69 15.35 525.46 13.95 13.12 

P 1 X 5 43.51 1.48 33.40 9.07 1.13 14.80 10.33 10.82 15.83 896.74 23.97 14.68 

P2 85.27 3.34 42.44 9.33 1.20 12.07 9.33 10.73 12.77 439.93 0.00 12.60 

P 2 X 3 97.84 4.18 38.62 9.30 1.16 11.57 6.33 10.79 13.68 739.00 21.46 12.88 

P 2 X 4 77.51 2.18 33.36 9.20 1.20 12.40 9.67 10.71 13.37 701.05 21.14 12.02 

P 2 X 5 63.83 2.83 33.47 9.20 1.18 13.27 8.33 10.87 13.80 803.85 23.21 13.65 

P3 92.97 3.07 40.52 8.80 1.03 11.20 5.33 7.13 14.37 270.11 20.31 13.15 

P 3 X 4 83.07 3.02 37.99 6.10 1.14 12.03 7.33 10.71 14.20 778.71 19.93 12.27 

P 3 X 5 90.00 2.85 38.27 8.80 1.22 13.23 7.00 10.87 14.60 588.66 22.09 13.95 

P4 92.00 1.30 43.56 9.23 1.27 12.67 9.67 10.62 13.80 738.41 19.52 11.32 

P4 X 5 75.80 2.38 39.52 9.20 1.22 13.50 9.33 10.84 14.30 845.58 21.67 13.12 

P5 53.25 1.68 35.46 8.87 1.16 14.60 7.33 7.30 14.73 963.21 23.63 14.71 
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Concerning the performance of all genotypes 
(Table 5), the data show that the earliest cross 
combinations were P2 × P4 for days to 50% 
flowering and P1 × P5 for shortest hybrids. The 
best cross combinations were P2×P3 and P1×P3 
for No. of branches/plant. The superior parents 
with valuable significantly positive GCA effects 
and hence good performance were found. On the 
other hand, high negative values would be useful 
from the breeder’s point of view (Table 3).It is 
worthy to appear (as shown in Table 4&5) some 
correspondences between performance and SCA 
effects for the most traits. In addition, the data 
show that the best cross combinations were 
P2×P3 for pod length and P1×P5 No. of 
seeds/pod. The specific combining ability effects 
(SCA) among the 10 cross combinations of 
hybrids are presented in Table (5). The earliest 
crosses due to SCA effects were P2×P4, P2×P5, 
P1×P5, P1×P4, P3×P4 and P2×P3 for days to 
flowering. However, the shortest crosses were 
P3×P4, P2×P4, P1×P5, P2 × P5 and P1× P2 for 
plant height. The valuable positive SCA effects 
were detected in P1 × P3, P4×P5, P2×P3, P3 × 
P4 and P2× P5 for No. of branches/plant, P3 × 
P5, P2×P4, P1×P5, P2 × P5 and P1× P2 for the 
longest crosses. The hybrids P2×P3 (good x poor 
general combiner) and P4×P5 (poor x poor 
general combiner) for pod length; P1×P5 (good x 
poor general combiner) for seed per pod and 
P3×P5 (poor x good general combiner) for 
number of pods, , the hybrids P1×P3 (good x 
good general combiner) and P1×P5 (good x good 
general combiner) for dry yield; P1×P3 (good x 
poor general combiner) and P4×P5 (poor x good 
general combiner) for total sugar were identified 
as good specific combiners. However, non-
crosses exhibited any significant SCA effects for 
both pod width and seed weight of 10 pods. 
However, non-crosses exhibited positively 
significant SCA effects for both100-seed weight 
and total protein; P1×P3 (good x poor general 
combiner), P1×P5 (good x poor general combiner) 
and P1×P4 (good x poor general combiner) for 
100-seed weight and P1×P2 (good x good 
general combiner), P2×P4 (good x poor general 
combiner), P4×P5 (poor x good general 
combiner), P1×P3 (good x poor general combiner) 
and P1×P5 (good x good general combiner) for 
total protein exhibited the highest values for SCA 
effects without significant. These results are in line 
with the finding ofZayed et al., (1999) and Valentin 
(2013), who found significant and negative SCA 
effects for flowering in pea hybrids. Significant 
additive and non-additive components of genetic 

variance illustrated the involvement of both 
additive and non-additive genetic effects for all the 
studied traits. However, backer ratio (GCA/SCA) 
and (a/b) ratio (Tables 4&6) revealed that the 
inheritance of all studied traits, except flowering 
date was largely controlled by additive gene 
effects (fixable), although dominance gene effects 
(non-7 fixable) was also involved. So, the genetic 
gain is achievable through selection in early 
segregating generations for these traits. The data 
in Table (7 and 8) revealed that the component of 
additive (D) were positive and significant or highly 
significant for all studied traits except pod width, 
highly significant 6 values of dominance (H1 and 
H2) were detected, indicating that important of 
both additive and non-additive components in the 
inheritance of these traits. The magnitude of 
dominance (H1& H2) was higher than additive 
components (D) for all number of branches and 
flowering date indicating the presence of over-
dominance for traits. Value of  H1was greater than 
H2 for all traits indicating that frequency of gene 
distribution in the parents was unequal, and that 
was also supported by the ratio of  H2/4H1 (<0.25) 
which showing asymmetrical gene distribution at 
the loci in the parents showing dominance for all 
the traits. The F1 value was positive for all traits 
except branches number, indicating that the 
presence of higher number of dominant than 
recessives genes and it was confirmed by the 
high value of KD/KR for both plant height and 
flowering date. The overall dominance effects of 
heterozygous loci (h2) were found to be positive, 
indicating that most of the dominant genes had 
positive effects. All estimates of environmental 
variance (E) were insignificant for all studied traits, 
indicating that all traits have not been greatly 
affected by environmental factors. Also, this 
confirmed by estimating of narrow sense 
heritability, which recorded high values for all pod 
traits except pod width which recorded low value 
(0.42).This coincides withthe results of (Dalia and 
El-Rawy, 2013) and Valentin. (2013). 

Graphical analysis (Fig. 1a,b,c. 2a,b,c,e and 
3a,b,c,e ) highlighted partial dominance model as 
the regression lines intercepts Wr/Vr axis above 
the point of origin for vegetative growth, green pod 
and dry pod traits showing additive type of gene 
action with partial dominance controlling the 
genetic mechanism of these traits. It is clearly 
noticed that, the P3 falls near the point of origin, in 
the three vegetative growth traits revealing 
concentration of dominant genes in P3 for the 
above corresponding traits.  
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Table. 6. Specific combining ability effects of ten pea F1 crosses for growth traits 

 
 

Table. 7. Genetic components for Pisumsativum yield and chemical traits 

 

Cross 
Plant 

 height 
(cm) 

No. of 
 branches 

Date to  
50 flowering  

days 

Pod 
 length 

(cm) 

Pod 
 width 
(cm) 

No. of 
 pods per 

 plant 

No. of seed 
 per pod 

Seed weight 
 of 10 pod 

(g) 

100-seeds  
weight 

(g) 

Dry seed  
yield 
(kg) 

Total crude 
 protein 

(%) 

Total 
 sugars 

(%) 

P 1 x 2 -2.07 -0.53 4.46 -0.06 0.01 -0.27** -0.52 0.00 0.39 0.75 0.20 -0.05 

P 1 X 3 3.80 1.26 2.69 0.05 0.01 -0.08 -0.57* -0.04 0.53 11.19 0.14 0.17 

P 1 X 4 6.82 -0.36 -2.23 -0.06 0.00 0.09 0.52 0.03 0.50 -2.61 -1.04 0.05 

P 1 X 5 -5.83 -0.20 -2.35 0.00 0.01 0.01 1.71** 0.01 0.53 -4.08 0.13 -0.06 

P 2 X 3 7.32 0.51 -1.31 0.17* 0.02 -0.05 -0.52 0.04 -0.04 1.34 -0.06 -0.02 

P 2 X 4 -7.44 -0.22 -6.10 -0.10 -0.02 0.09 0.24 0.00 -0.05 3.29 0.20 0.04 

P 2 X 5 -4.97 0.20 -3.33 0.06 -0.02 -0.02 -0.24 0.01 -0.07 -3.15 0.00 0.00 

P 3 X 4 -10.71 0.27 -2.11 0.04 -0.02 0.04 -0.14 0.02 -0.05 0.64 0.11 -0.03 

P 3 X 5 12.37 -0.13 0.83 -0.10 0.08 0.27** 0.38 0.03 -0.10 -4.10 0.00 -0.01 

P 4 X 5 3.74 0.67 2.55 0.13* 0.00 -0.17** 0.14 0.03 -0.11 -1.82 0.16 0.07 

LSD 

Sij 
5% 0.4162 0.1214 0.6467 0.1339 0.0948 0.1115 0.5283 0.0542 0.7734 3.7337 0.2587 0.0540 

1% 0.5615 0.1638 0.8724 0.1806 0.1279 0.1504 0.7127 0.0730 1.0433 5.0367 0.3490 0.0728 

sij-sik 
5% 0.7898 0.2305 1.227 0.2541 0.1799 0.2115 1.0024 0.1027 1.4675 7.0842 0.4908 0.1025 

1% 1.0654 0.3109 1.655 0.3428 0.2426 0.2853 1.3522 0.1386 1.9796 9.5564 0.6621 0.1382 

sij-skl 
5% 0.7210 0.2104 1.120 0.2319 0.1642 0.1931 0.9150 0.0938 1.3396 6.4670 0.4481 0.0935 

1% 0.9726 0.2838 1.511 0.3129 0.221 0.2605 1.2344 0.1265 1.8071 8.7238 0.6044 0.1262 

 
Parameter 

 

Plant 
height 
(cm) 

No.of  
branches 

Date to 50% 
 flowering days 

Pod 
length 
(cm) 

Pod 
width 
(cm) 

No. of pods 
per plant 

No. of 
seed per 

pod 

Seed  
weight of 10  

pod (g) 

100-
seeds 

 weight 
(g) 

Dry seed 
 Yield 
(Kg) 

Total  
crude  

protein 
(%) 

Total 
 sugars 

(%) 

E = 0.088 0.007 0.21 0.0085 0.0043 0.00733 0.14074 0.0015 0.2937 14.17 0.0399067 0.0032 

D = 574.254** 0.966** 13.65* 0.053** 0.0064 2.738** 2.92** 0.0106** 0.4022** 13244.50** 4.13154** 2.0964** 

F = 58.549 -0.369 17.00 0.0133 0.0005 0.156** -0.5911 -0.0043 -0.7723 716.99** -0.2173262 0.0238** 

H1 = 251.744** 1.586** 52.22** 0.0164 -0.0058 0.086* 2.4763 0.0002 0.0539 83.80 0.5218502 0.0138** 

H2 = 214.997** 1.300** 43.10** 0.0172 -0.0046 0.070* 1.71319 0.0004 -0.0439 57.24 0.4421188 0.0132** 

h2 = 2.051 0.493 10.79 -0.0020 -0.0017 -0.00239 0.14033 0.0026 0.3616 -8.58 -0.0193098 0.0050 

(H1/D) 0.5 0.66 1.28139 1.956 0.45 1.00 0.17 0.92 0.1422 0.38 0.08 0.35 0.10 

H2/4H1 0.21 0.20484 0.206 0.25 0.1977 0.19 0.17 0.5051 -0.17 0.17 0.21 0.25 

KD/KR 1.17 0.74 1.93 1.58 3.00 1.38 0.80 0.003 -0.42 2.03 0.86 1.16 

h2 
n.s 0.8369 0.7096 0.2079 0.5997 0.423 0.98 0.79 0.8162 0.70 0.9955 0.936383 0.99373 
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Table. 8. Relative heterosis (HM.P.) and heterbeltiosis (HB.P.) of studied traits in ten pea F1 crosses, 2017 

 
                                                                                                               Cont. Table. 8. 

 

 
 

 

Cross 
Plant height 

(cm) 
No. of branches Date to50% flowering days 

Pod length 
(cm) 

Pod width 
(cm) 

No. of seed 
/pod 

 M.P B.P M.P B.P M.P B.P M.P B.P M.P B.P M.P B.P 

1 x 2 -5.03** -29.45** -21.37 -45.11 9.03 0.63 -0.72 -1.07 1.49 -5.56 -5.66 -10.71 

1 X 3 11.42** -19.47** 81.17 29.67 8.80 2.60 0.74 -1.80 3.23 3.23 -7.32 -24.00 

1 X 4 8.40** -21.40** -17.30 -18.14 -8.94 -16.94 -0.90 -1.08 0.00 -9.21 11.11 3.45 

1 X 5 -8.08** -18.28** -1.56 -11.93 -6.40 -6.97 0.00 -2.16 2.89 -2.59 31.91 24.00 

2 X 3 9.79** 5.24** 30.59 25.25 -6.89 -9.00 2.57 -0.36 3.88 -3.33 -13.64 -32.14 

2 X 4 -12.56** -15.75** -6.11 -34.83 -22.41 -23.41 -0.90 -1.43 -2.70 -5.26 1.75 0.00 

2 X 5 -7.84** -25.15** 12.96 -15.17 -14.06 -21.13 1.10 -1.43 -0.14 -1.94 0.00 -10.71 

3 X 4 -10.18** -10.65** 38.43 -1.52 -9.63 -12.79 0.92 -1.44 -1.16 -10.26 -2.22 -24.14 

3 X 5 23.10** -3.19** 20.17 -7.07 0.75 -5.54 -0.38 -0.75 11.11 5.19 10.53 -4.55 

4 X 5 4.37** -17.61** 60.09 41.95 0.03 -9.27 1.66 -0.36 0.69 -3.68 9.80 -3.45 

Range -12.56- 23.10 -29.45-5.24 -21.37- 81.17 -45.11-41.95 -22.41- 9.03 -23.41- 2.60 -0.90-2.57 -2.16 to -0.36 -2.70-11.11 -10.26-5.19 -13.64-31.91 -32.14-24.00 

No. of superior 
 crosses 

5 1 6 3 6 8 5 - 5 2 5 2 

Cross 
 

No pods/plant 
Seed weight of  

10 pods(g) 
100 seed weight 

(g) 
Dry yield 

(Kg) 
Total crude protein 

(%) 
Total sugars 

(%) 

 M.P B.P M.P B.P M.P B.P M.P B.P M.P B.P M.P B.P 

1 x 2 -2.95 -12.61 0.09 -0.16 6.78 -0.45 0.35 -10.74 0.61 -2.95 -0.16 -7.30 

1 X 3 -0.76 -13.50 -0.34 -0.44 7.62 6.16 1.78 0.04 0.17 -7.85 1.66 -3.70 

1 X 4 0.24 -7.74 0.39 0.12 7.44 3.93 -0.18 -6.34 -6.05 -15.12 0.88 -10.73 

1 X 5 -0.22 -1.77 0.25 -0.82 7.34 7.22 -0.67 -6.90 0.26 -0.90 -0.17 -0.20 

2 X 3 -0.57 -4.14 0.65 0.50 0.81 -4.80 0.57 -9.15 0.30 -4.54 0.05 -2.05 

2 X 4 0.27 -2.11 0.33 -0.19 0.63 -3.14 0.53 -5.06 0.68 -5.95 0.53 -4.58 

2 X 5 -0.50 -9.13 0.46 -0.37 0.36 -6.33 -0.73 -16.55 0.67 -1.79 0.00 -7.18 

3 X 4 0.84 -5.00 0.42 0.06 0.83 -1.16 0.36 -4.27 0.08 -1.87 0.27 -6.72 

3 X 5 2.58 -9.36 0.59 -0.40 0.34 -0.90 -0.58 -8.31 0.52 -6.54 0.14 -5.17 

4 X 5 -0.98 -7.53 0.67 -0.67 0.23 -2.94 -0.61 -12.21 0.45 -8.29 0.79 -10.83 

Range -0.98-2.58 -13.50 to -1.77 -0.34-0.67 -0.82-0.50 0.23-7.62 -6.33-7.22 -0.73-1.78 -16.55-0.04 -6.05-0.67 -15.12 to 0.90 -0.17-1.66 -10.83 to -0.20 

No. of 
 superior 
 crosses 

4 - 9 3 10 3 5 1 9 - 7 - 
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On the contrary, the P2, 1 and 5 fall furthest 

from origin in flowering date, branches number 
and plant height, respectively, and thus apparently 
had maximum recessive genes for these traits in 
the seeds per pod trait (Fig. 2c), the P2 for both 
length (Fig. 2a) and width (Fig. 2b) of pod and the 
P5 for seed weight of 10 pods (Fig. 2d), revealing 
concentration of dominant genes in parent P2&P3 
andP5 for the above corresponding traits. On the 
contrary, the parent 3 falls furthest from origin in 
each of pod length (Fig. 2a), pod width (Fig. 2b), 
seed weight of 10 pods (Fig. 2d) and number of 
pods (Fig. 2e), respectively and P1 in both seeds 
per pod (Fig. 2c) and pod number (Fig. 2e) traits 
and thus apparently had maximum number of 
recessive genes for these traits. In addition, the 
100-seed weight trait, showed additive type of 
gene action with over-dominance controlling the 
genetic mechanism of this trait. However, the 
seed dry yield, total protein and sugars content 
traits, showed gene action with partial dominance 
controlling the genetic mechanism of these three 
traits. The P1 falls near the point of origin, in the 
100-seeds weight trait (Fig. 3a) and the parent 4 
for total crude protein (Fig. 3c), revealed 
concentration of dominant genes in parent P1 and 
P4 for 100-seeds weight and total crude protein, 
respectively. On the contrary, the P5 falls furthest 
from origin in both 100-seeds weight (Fig. 3a) and 
seed dry yield (Fig. 3b) and parent 1 in total crude 
protein (Fig. 3c) as well as both P3 and P4 for 
sugar content (Fig. 3d) and thus apparently had 
maximum number of recessive genes for 
corresponding traits. Similar results were reported 
by (Dalia and El Rawy., 2013). 

Genetic by finger printing leaf DNA based on 
(RAPD-PCR)  
DNA was extracted from the leaves of the 

investigated five parents’ peas lines which used 
as template for the PCR reactions. Amplifications 
with 10-mer primers were used to detect RAPD-
PCR reactions and generated reproducible and 
practically scorable RAPD (Figs. 4).The 
reproduced data were discriminated further into 
conspicuous bands and absent ones. The 
conspicuous bands were selected for further 
analyses. The number of amplified fragments of 
the studied genotypes (Table 9) is considerably 
varied according to the used primer. However, the 
least number of 4 amplicon fragments was 
accrued in primers No.1 OpA-02 and No.7 OpD-
08, while the maximum one was accrued in primer 
No.2 OpA-06.The effective 10 primers included 
total of 300 scorable bands in all the investigated 
genotypes. These are distinguished into 234 
present bands designated as (1) and 66 absent 
bands, which designated as (0). The obtained 
results show that the number polymorphic 
fragments per primers No.2 OpA-06, No.5 OpB-11 
and No.10 OpZ-11 ranged between 3 in primer 
No.5 OpB-11 and 1 in primer No.10 OpZ-11, while 
the monomorphic fragments in 7 primers No.1 
OpA-02, No.3 OpA-08, No.4 OpA-11, No.6 OpB-
14, No.7 OpD-08, No.8 OpG-05 and No.9 OpG-09 
ranged between 1 in primer No.1 OpA-02 and 6 in 
the  three  primers  No.3  OpA-08,  No.4 OpA-11 
and  No.6 OpB-14.It is obvious from the data 
shown in Table (9) that the total numbers of 
amplified fragments are 60 within all the studied 
genotypes, which comprised 36 monomorphic, 6 
polymorphic, 6 positive and 8 negative unique 
bands. On the other hand, it included four absent 
reaction fragments. Generally speaking; the given 
results in Figs (4) and Tables (10) illustrate in 
detail the level of polymorphism as revealed by 
RAPD primers.  
 



Shaalan, et al.,                                                                             Gene effects and combining ability in Pea 

 

                                                  Bioscience Research, 2018 volume 15(4): 4417-4432                                      4426 

 

 
 



Shaalan, et al.,                                                                             Gene effects and combining ability in Pea 

 

                                                  Bioscience Research, 2018 volume 15(4): 4417-4432                                      4427 

 

 
 
 



Shaalan, et al.,                                                                             Gene effects and combining ability in Pea 

 

                                                  Bioscience Research, 2018 volume 15(4): 4417-4432                                      4428 

 

 
Figure 4: Polymorphism detection for the five parents peas by using 10 primers 
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Table. 9. Polymorphism detection for the five parents' peas by using 10 primers 
 
 
 
 
 
 
 
 
 
 
 

 
Table. 10.The different fragments in the various pealines. 

Poly- 
morphism 

% 

Negative  
unique 
bands 

Implication fragments 
Absent  
reaction 

fragments 

Total  
fragments 

Primer 
 name 

Primer 
 No. Positive 

unique 
bands 

Polymorphic Monomorphic 

0 % 1 - - 1 2 4 OpA-02 1 

20 % 3 - 2 5 - 10 OpA-06 2 

0 % - - - 6 - 6 OpA-08 3 

0 % - - - 6 - 6 OpA-11 4 

42.86 % 2 2 3 - - 7 OpB-11 5 

0 % - - - 6 - 6 OpB-14 6 

0 % - - - 4 - 4 OpD-08 7 

0 % - - - 5 - 5 OpG-05 8 

0 % - - - 3 2 5 OpG-09 9 

14.29 % 2 4 1 - - 7 OpZ-11 10 

 8 6 6 36 4 60 Total 

 
Table (11): Similarity matrix based on RAPD-PCR markers among the studied five 

parents pea genotypes. 

Genotypes 
Similarity matrix 

P1 P2 P3 P4 P5 
P1 1.000     

P2 0.957 1.000    

P3 0.925 0.946 1.000   

P4 0.833 0.854 0.863 1.000  

P5 0.879 0.901 0.956 0.860 1.000 

 
Table (12): Relationships among the studied five parents’ peas by Similarity matrix 

based on RAPD-PCR markers (UPGMA). 

Nodes No. Group 1 Group 2 Similarity Relationships 

1 P1 P2 0.957 2 

2 P3 P5 0.956 2 

3 Node 1 Node 2 0.913 4 

4 Node 3 P4 0.853 5 

Node 3 = (P1 and P2) and (P3 and P5) genotypes 
Node 4 = Node (3) and P4 genotype 

 
 
 

Polymorphism detection P1 P2 P3 P4 P5 Total 

Total scorablebandes 60 60 60 60 60 300 

Total present bandes 47 48 46 49 44 234 

Total absent bandes 13 12 14 11 16 66 

Monomorphic 36 36 36 36 36 180 

Polymorphic 4 4 2 4 2 16 

Positive band 1+ 0 0 5+ 0 6+ 

Negative band 2 - 0 0 4 - 2 - 8 - 
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Figure 5. Dendrogram demonstrating the relationship among the five parentspeas genotypes 
based on UPGMA 

 
The highest percentage of polymorphism was 
occurred in the primer No.5 OpB-11, where the 
percentage reached 42.86% meanwhile no 
polymorphism was noticed (0%) in the primers 
No.1 OpA-02, No.3 OpA-08, No.4 OpA-11, No.6 
OpB-11, No.7 OpD-08, No.8 OpG-05 and No.9 
OpG-09.such results can be compared with the 
genetic diversity among varieties and wild species 
accession of pea based on earlier studies 
including a molecular markers, morphological and 
physiological characters were successfully carried 
out to find inter-relation and phylogeny of Pisums 
species have also been repeated earlier by  Hoey 
et al., (1995). 

The output data from Table (11) pointed to: 
The values of similarity among the different 

pairs of the studied genotypes fluctuate between 
0.957 and 0.833.The lowest similarity of 
relationships between the genotypes value 
(0.833) is recorded between the P4 and P1 
genotype while the highest one (0.975) is scored 
between P1 and P2 genotypes. The un-weighted 
pair group method with arithmetical averages data 
(UPGMA) expressed in the given diagram in 
Table (12) show that the obtained two main 
groups are 1 and 2. Group 1 included P1, P3, P2 
and P5 genotypes, while group two contained P2, 
P5, P3 and p4 genotypes. In the same time the 
highest node from the five genotypes value 
(0.957) is recorded between P1 and P2 genotypes 
while the lowest one (0.853) is scored between P4 
and the four genotypes. The dendrograms of the 
five peas parents genotypes are showed by 

UPGMA Fig. (5) distinguished two main clusters 
nominated as A and B. The cluster A comprises 
two sub-clusters named a andb. The first sub-
cluster a included two genotypes P1 and P2, 
whereas the second sub-cluster b joins both P3 
and P5 genotypes. On the other hand, cluster B 
has only P4 genotype. The molecular markers 
based UPGMA cluster analysis demonstration 
that all the cultivated genotypes were well 
separated from the wild Pisum accession. 
Similarly, UPGMA cluster pattern was also 
reported among pigeon pea variety for 
determining genetic diversity (Malviya and Yadav, 
2010). This study showed that RAPD markers 
used successfully for identification and 
phylogenetic relationship among 
cultivars.Simioniuc et al., (2002), Chegamirza et 
al., (2002), Kovesa et al., (2005) and Samatadze 
et al., (2008) indicated that RAPD analysis 
revealed high genomic polymorphism among pea 
(P. sativum L.) varieties. 

RAPD-PCR markers. 
Both gene effects and DNA fingerprinting 

techniques that were applied in this study proved 
to be very useful. Another point of view, the use of 
the rapid technique RAPD-PCR proved to be very 
efficient and sufficient to analyze and characterize 
all the tested genotypes. Thus, the technique of 
RAPD-PCR can be recommended for the 
determination of genetic diversity among the 
various genotypes or species. Finally, the benefits 
from using the fingerprinting techniques in this trial 

are the protection of the Egyptian breeder’s rights 
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and the preservation of the Egyptian genotypes to 
be registered as Egyptian varieties in the Egyptian 
Genebank. 

CONCLUSION 
Finally, the benefits from using the 

fingerprinting techniques in this trial are the 

protection of the Egyptian breeder’s rights and the 

preservation of the Egyptian genotypes to be 
registered as Egyptian varieties in the Egyptian 
Genebank. 
 
CONFLICT OF INTEREST 

The authors declared that present study was 
performed in absence of any conflict of interest. 
 
ACKNOWLEGEMENT 

The author would thank all participants and 
their parents. 
 
AUTHOR CONTRIBUTIONS 

All authors contributed equally in all parts of 
this study. 
 

Copyrights: © 2017 @ author (s). 
This is an open access article distributed under the 
terms of the Creative Commons Attribution License 
(CC BY 4.0), which permits unrestricted use, 
distribution, and reproduction in any medium, 
provided the original author(s) and source are 
credited and that the original publication in this 
journal is cited, in accordance with accepted 
academic practice. No use, distribution or 
reproduction is permitted which does not comply 
with these terms. 

 
REFERENCES   
A.O.A.C. 1980.Official Methods of Analysis of 

Association of the Official Analytical 
Chemists.13th edn. AOAC, Washington, pp: 
218 

Bora, L. 2003.Combining ability of some 
agronomicaly important traits in pea 
(Pisumsativum L.).Biul.Inst. Hod.Aklim.Ros., 
(226/227): 457-462. 

Cheghamirza, K., O. Koveza, F. Konovalov and S. 
Gostimsky. 2002. Identification of RAPD 
markers and their use of molecular mapping 
in pea (Pisumsativum L.). Cell Mol. Biol., 
Lett., 7 (2B): 649-655. 

Dalia M. T. N and M. A. El-Rawy. 2013.  Analysis 
of Gene Effects Controlling Some Traits in 
Garden Pea (Pisumsativum L.). Australian 
Journal of Basic and Applied Sciences, 7(1): 

537-542. 
Doyle, J. J. and J. L. Doyle. 1987. A rapid DNA 

isolation procedure for small quantities of 
fresh leaf tissue. Phytochem. Bull., 19: 11-
15. 

Espinosa, N. and G. A. Ligarreto.2005. Evaluating 
combinatory ability and heterosis of seven 
parental Pisumsativum L. pea 
lines.Agron.Colom., 23 (2): 197-206. 

Griffing, B., 1956a.A generalized treatment of the 
used of diallel crosses in quantitative 
inheritance .Heredity 10: 31-50. 

Griffing, B. , 1956 b. Concept of general and 
specific combining ability in relation to diallel 
crossing system . Aust. Jour. Biol. Sci. 9: 
463-493. 

Hoey B. K., K. R. Crowe, V. M. Jones and N. 
O.Polans. 1995. A phylogenetic analysis of 
Pisum based on morphological characters, 
and allozyme and RAPD markers. 
Theoretical and Applied Genetics, 92: 92-
100. 

Hyman, B. I.1954.The analysis of variance of 
diallel tables. Biometrics, 10: 235-244. 

Hyman, B. I. 1958.The theory and analysis of 
diallelcrosses.I. Genetics 39: 789-809 . 

Jaccord, P.1908.  Nouvelles researches sur la 
distribution floral. Bull. Soc. Vaudoise. Sci., 
44: 223-270.  

Kovesa, O. V., Z. G.Kokaeva, F. A. Konovalov, 
and S. A. Gostimskii. 2005. Identification and 
mapping of polymorphic RAPD markers of 
pea (PisumsativumL.) genome, 
Genetica,41(3): 341-348. 

Kumar, A. and B. P. Jain. 2002. Combining ability 
studies in pea (Pisumsativum L.). Indian 
J.Hort., 59(2): 81-184. 

Malviya, N. and D. Yadav. 2010. RAPD Analysis 
among Pigeon Pea [Cajanuscajan (L) Mill sp] 
Cultivars for their Genetic Diversity. Genetic 
Engineering and Biotechnology Journal, Vol 
2010: GEBJ-1. 

Mather, K. and J. L. Jinks. 1971. Biometrical 
genetics. Chapman and Hall, London, pp: 
249. 

Narayan, R. 2006. Combining ability for quality 
attributes in garden pea (Pisumsativum var. 
hortense L.). Environment and Ecology, 24 S 
(Special 2): 464-467. 

Nawroz,  A. T., F. H. Hero, and O. H. A. Bestwn. 
2015. Differentiate of Ten Pea Cultivars 
(Pisumsativum L.) by RAPD Markers and 
Seed Storage Proteins. Jordan Journal of 
Agricultural Sciences, Volume 11, No.1 2015   

Pandey, V., T. Pant and S. D. Das. 2006. Studies 

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


Shaalan, et al.,                                                                             Gene effects and combining ability in Pea 

 

                                                  Bioscience Research, 2018 volume 15(4): 4417-4432                                      4432 

 

on heterosis and combining ability in pea. 
Indian Jour. of Horti., 63 (3): 338-340. 

Rabbani, M. A.; A. A. Qureshi, M. Afzal, , R. 
Anwar and S. Komatsu. 2001. 
Characterization of mustard [Brassica juncea 
(L.) Czern.andCoss.] germplasm. 

Ranjan S, M. Kumar and S.S. Pandey (2005). 
Genetic studies in pea involving tall and 
dwarf genotypes. Legume Res. 28(3):202-
205.  

Rolf, F. J. 1993.NTSYS-pc.Numerical taxonomy 
and multivariate analysis system, version 
1.8.Applied Biostatistics, New York. 

Samatadze T. E.; D.A. Zelenina, N. G. Shostak, 
A. A. Volkov, K. V. Popov, O. V. 
Rachinskaya, A. Y. Borisov, I. A. Tihonovich, 
A. V. Zelenin and O. V. Muravenko. 2008. 
Comparative genome analysis in pea 
PisumsativumL. Varieties and Lines with 
chromosomal and molecular markers. 
Russian Journal of Genetics 44:1424-1430. 

Sharma B. B. 2010. Combining ability and gene 
action studies for earliness in garden pea 
(Pisumsativum L.).A thesis M Scsubmitted to 
G B Pant University of agriculture and 
Technology Pantnagar.P. 10. 

Simioniuc, D.; R. Uptmoor, W. Friedt, and F. 
Ordon. 2002. Genetic diversity and 
relationships among pea cultivars revealed 
by RAPDs and AFLPs. Plant Breed., 121: 
429 435. 

Smykal, P. 2006.Development of an efficient 
retrotransposon-based fingerprinting method 
for rapid pea variety identification.Theor. 
Appl. Genet., 47(3): 221-230. 

Smýkal, P., J. Horácèk, ,R. Dostálová, and M. 
Hýbl. 2008. Variety discrimination in pea 
(PisumsativumL.) by molecular, biochemical 
and morphological markers. J. Appl. Genet., 
49: 155-166. 

Valentin. I. 2013. Inheritance of earliness and 
vegetation period in pea (Pisumsativum L.) 
genotypes. 

Williams, J. G. K, M. K. Hanafey, J. A. Rafalski 
and S. V.Tingey. 1990. Genetic analysis 
using random amplified polymorphic DNA 
markers. Methods in Enzymology, 1218: 704 
– 740. 

Zayed, G. A.; A. H. Fawziaand S. T. Farag. 2005. 
The genetic performance of some 
continuously variable characteristics of pea 
under different locations. Annals Agric. Sci., 
Moshtohor, 43: 337-346. 

 
 

 
 
 
 
 
 


