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ABSTRACT

Twenty-five local and exotic pea cultivars and three F1 hybrids were used in this
study to evaluate their performance and their phylogenetic relationships based on
both the polymorphism of esterase molecular forms differentially expressed in root,
stem, leaf and seed tissues and the multivariate analysis of eight developmental, yield
and quality characters. This study was carried out, in El-Kassasein Horticultural
Research Station during the winter seasons of 2004/2005, 2005/2006 and 2006/2007.

Least significant differences, showed that almost all pea cultivars and hybrids had
considerable variation for all the eight characters where they showed a wide range of
mean values for all of these characters. F1 (PexP13) had the highest mean values for
four out of the eight characters. It had an average of 241.3 gm for pods weight per
plant and an average of 92.3 for number of pods per plant.

The isoesterase polymorphism showed clearly a distinguished differential display
of esterase molecular forms over the four tissues during the ontogeny of the pea
plant. A total of 9, 9, 15 and 16 esterase molecular forms were, respectively, obtained
from root, stem, leaf and seed tissues over the twenty-eight pea cultivars and hybrids.

Dendrogram constructed based on the transformed mean values of eight
polygenic traits grouped the twenty-eight pea populations on four separate clusters.
The three F1 hybrids occupied a unique cluster with the hightest cluster mean values
for five out of the eight characters especially those for pods weight, number of pods
per plant and yield per feddan. This suggested that these three hybrids could be
considered a promising base population for a successful selection program for
improving pea yield.

The results demonstrated the higher discriminatory power and clustering based on
multivariate analysis of eight developmental, yield and quality polygenic traits than
that based on the differential expression of esterase isozymes in four tissues. Both
dendrograms showed no parallelism between the two clustering systems.

Key words : Dendogram , Esterase , Isozymes , Multivariate Analysis , Pea ,
Pisum sativum , Phylogenetics , Polymorphism , Yield.

INTRODUCTION

Pea (Pisum sativum Linn.) is an important vegetable crop grown
almost all year round in various regions the world over. However, its
productivity has become static over the years even if the total planted area
has increased tremendously. This plateau is attributable to the lack of
improved cultivars for different agroclimatic conditions. In order to further
increase the yield potential in pea, it is desirable to either evaluate the
performance of various cultivars in different regions or to develop new
genotypes through recombination breeding and selection (Sood and Kalia,
2006).
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Multivariate analysis based on polygenic characters was used by many
investigators for grouping and to identify the phylogenetic relationships
among pea cultivars and landraces in the purpose for the efficient designation
of effective breeding programs (Amurrio et al., 1994).

Ultilization of isozyme polymorphism to discriminate and identify pea
cultivars using isozyme expression in different tissues has been applied by
Posvec and Gariga, (2002). Differential expression of isozymes over plant
tissues and, also, isozyme polymorphism have been used by many
investigators to identify the genetic distances and the phylogenetic
relationships among different legumes (Santalla et al., 2002 and Smutkupt et
al.,, 2006). Pectin methyl esterase (PME) has an activity level in immature
peas of about 2.5 times that found in the most mature peas, (Collins, 1970).
This PME was found to be tightly correlated, both spatially and temporally,
with border cell separation in pea root caps, root elongation and systematic
cellular morphology development. The demethylation of pectin by pectin
methylesterase plays a key role in cell wall metabolism. Pectin as a polymer
is a major constituent of cell walls. Pectolytic enzymes, esterases, can
solubolise cell walls (Collmer and Keen 1986; Koutojansky, 1987). Pectin
methylesterase (PME), although, it does not by itself solubolize cell walls, but
it regulates cell wall degradation by several mechanisms (Goldberg et al.,
1992), by reducing pH through the release of a proton when methoxyl groups
of pectin are converted to carboxyl groups. This change in pH controls the
activity of other cell wall-degrading enzymes that are active at low pH and
thereby to facilitate cell expansion and growth (Nari et al., 1986) and /or cell
separation (Koutojansky, 1987; Wen et al., 1999).

This study aimed to evaluate the performance of twenty-eight pea
cultivars and hybrids and to study the parallelism between their phylogenetic
relationships based on either the polymorphism of esterase molecular forms
differently expressed in four tissues or on the multivariate analysis of eight
developmental, yield and quality characters.

MATERIALS AND METHODS

Two field experiments were carried out in the Experimental Farm of El-
Kassasein Horticultural Research Station, Ismailia Governorate.

Evaluation experiment:

The experiment was achieved twice over two successive seasons.
Twenty-five pea (Pisum sativm L.) local and exotic cultivars and three F1
hybrids were used in this study. These were Arica (A) as P1, Onward as P2,
Jo 1086 as Ps, Ambassador (A) as P4, Jurbo as Ps, Arica as Ps, Syrian as Pz,
Jumbo as Ps, Atol as P10, Hunter as P11, Top pod as P12, Ambassador as Pis,
Master as P14, Toledo Sugar as Pis, Sugar Luv as Pie, Penine as P17, Oregon
Sugar Real as P1is Mammoth as P19, Sugar E.M (Doddy) as P20, Filanon (Nun
0060) as P2 Little Marvel as P24 Perfection as P2s Sugar Snap (BS0017) as
P26, Cascadia as P27 and Sugar Ann (BS0016) as P2gs. These local and exotic
cultivars were kindly obtained from the Self-pollinated Vegetable Research
Department, Horticultural Crops Research Institute. The three Fi1 hybrid
crosses Piz X P24, Ps X P13 and P13 X Ps were achieved during the winter
season of 2004/2005. Both the three F1 hybrids and the 25 local and exotic
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cultivars were sown, in the Experimental Farm at El-Kassasein Horticultural
Research Station for evaluation in each of the two successive winter seasons
2005/2006 and 2006/2007.

Both seeds of the three Fis and of the twenty-five local and exotic cultivars
were sown in October of the two successive seasons 2005/2006 and
2006/2007 in a randomized complete block design with three replications. In
both seasons of evaluation, similar agricultural procedures were applied for
all entries. Two seeds per hill were sown in a single hill for each dripper. The
drippers were 20 cm apart and the irrigation lines were 60 cm width. Each
plot was 6 m2. The treatments were similar for all entries under study in both
seasons.

In each season, ten plants from each entry overall replications were
randomly chosen to measure both the developmental and yield characters.
The developmental characters recorded were; stem length (cm), number of
leaves per plant and number of branches per plant. The vyield characters
were the weight of green pods per plant (gm), humber of pods per plant and
yield per feddan. Pod quality characters measured were the average weight
of pod, and average pod length (cm).

Isozyme electrophoresis:

Samples from each of the 25 cultivars and the three Fi1 hybrids were
randomly taken. These samples were used to study the isoesterase
molecular froms in root, stem, leaf and seed tissues after forty days from
sowing date.

Esterase (Est.) isozyme system, which has given the designation of EC
3.1.1.1 in the report of commission of enzymes (International Union of
Biochemists, 1978), was screened in all the plant materials at the
Biotechnology lab., El-Kassasein Horticultural Research Station, Horticultural
Crops Research Institute.

Six samples, from each of the four tissues, were collected of all the
cultivars and the F1 hybrids. Isozyme extraction buffer of esterase isozymes
and procedures were applied according to Tanksley and Orton (1983).

Equal protein concentrations were determined according to Bradford
(1976) and were used for sample preparation and sample loading in gels.
The buffers used in preparing gels and samples as well as sample loading
and electrophoretic conditions were described by Guirgis et al., (1996).
Procedures of Kahler and Alard (1970) were applied with modifications
suggested by Tanksley and Rick (1980) for detecting non specific esterase
isozymes.

Statistical Analysis:

The statistical analysis was carried out on the blot mean basis of the
pooled mean over both seasons. The least significant difference (LSD) test
was used to evaluate differences between pea cultivars and hybrid mean
values, according to Snedecor and Cochran (1972).

Genetic Distances and Clustering Analysis Based on Polymorphism of
Esterase Molecular Forms:

To study clustering pattern among the studied pea cultivars and hybrids
based on band differences of esterase molecular forms expressed in four
different tissues of the pea plant, the data generated from all the twenty-eight
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entries, were recorded according to binary values (1,0) for presence and
absence, respectively. Genetic distance, calculated as an Euclidean metric
distance, was computed between all pairs of populations. Hierarchical
clustering procedure was applied using Ward's methods as developed by
Hair et al. (1987).

The phylogenetic relationships of clustering patterns are presented as
dendrogram constructed on linkage distance basis. The matrix of similarity
was analysed by the unweighted pair group method using the arithmetic
average (UPGMA), as suggested by Sneath and Sokal (1973).

Genetic Distances and Clustering Analysis Based on Multivariate Analysis of
Eight Developmental, Yield and Quality Characters:

Means over the two seasons of all the eight developmental, yield and
quality characters for the studied pea cultivars and hybrids were subjected to
a multivariate analysis (Johnson and Wichern, 1988). The data were
analysed using hierarchical Euclidean cluster analysis. The original mean
values of eight characters were transformed to uncorrelated variables using
dispersion matrix. Hierarchical clustering procedure were applied using
complete linkage method. The cluster analysis and dendrogram construction
were performed with SPSS (1995).

RESULTS AND DISCUSSION
Performance of Developmental Characters in Pea Cultivars and F;
Hybrids:

Data in Table (1), showed that the pea cultivar Mammoth (198.7 cm)
followed by Syrian (108 cm) had the highest mean value for stem length.
Meanwhile, the cultivar Hunter (45 cm) followed by Jurbo (50 cm) had the
least stem length value.

However, the F1 hybrid (13 X 24) segregated transgressively and it had
higher (103 cm) stem length value than those of both parental values,
indicating that this F1 hybrid had more increasing genes controlling taller stem
length. However, more decreasing genes were observed for this character in
the F1 (6 X 13). Since, it showed lower value (57 cm) than that of either
parents; Ps (79.2 cm) and P13 (93 cm).

For number of leaves per plant, the cultivar Syrian had the highest mean
value (91.7) but Hunter had the least number of leaves per plant (23.3). The
F1 (13 X 24) showed to have the highest value (128.7) that exceeded the
values for both parents which were 50.3 and 45.7 for P13 (Ambassador) and
P24 (Little Marvel), respectively. This clearly suggest that more increasing
genes controlling this character were accumulated in this F1 hybrid. However,
intermediate values of the Fi1 hybrids F1 (6 X 13) and Fi1 (13 X 6) were
observed for this character. This might suggest that the parental cultivar P24
“Little Marvel” is the parent containing most of increasing genes for this
character.

For number of branches per plant, both cultivars Atol and Toledo had the
highest mean value (5.0) for this character but both Hunter and Little Marvel
had the least mean value (1.33). However, the Fi1 hybrid (6X13) "Arica X
Ambassador" had the highest mean value for number of branches per plant
(6.67) followed by the F1 (13X24) "Ambassador X Little Marvel" (5.33) where

4536



J. Agric. Sci. Mansoura Univ., 32 (6), june, 2007

T1

4537



Swidan, Suzan A.

boh hybrids exceeded the respective mean values of their parents (Table
1). This might suggest that more increasing genes were present in these Fi1
hybrids.

Performance of Yield and Quality Characters in Pea Cultivars and F;
Hybrids:

In regard to the range between the mean values of yield and quality
characters, the least significant difference either at 1% or 5% level of
probability, clearly suggests the presence of some sort of significant
difference among most of either the cultivars or the Fi1 hybrids for these
characters. This suggests that these cultivars and hybrids could construct a
good base population for beginning a hybrid and selection program for
improving these characters (Table 1).

For yield characters, the cultivar Oregon Sugar, had the highest mean
values for both pod weight (139.3 g) and vyield per feddan (5.65 Ton).
Moreover, the highest mean value for number of pods per plant was obtained
by the cultivar Arica (50). Meanwhile, the least values of both pods weight
(31.9 g.) and pods number per plant (8.0) were found for the cultivar Master.
The cultivar Sugar Snap had the least value for total yield per Feddan (1.17
Ton). Hussain and Badshah (2002) reported that the maximum number of
pods per plant in their pea material was 19.3.

It is worthy to mention that all the three F1 hybrids exceeded the highest
values of all the cultivars, including their parents, for all the vyield
aforementioned characters. This might suggest that this could be due to the
presence of more increasing genes, controlling these characters, in these Fi1
hybrids.

For pod characters over all cultivars, the mean values of pod weight
ranged from (2.63 g.) for “Jo 1086” to (1.10g.) for Arica (A). The mean values
of pod length ranged from (14.6 cm) for Master cultivar to (6.00 cm) for both
Cascadia and Arica (A).

In the three Fi1 hybrids, intermediate mean values between those of
parental cultivars of each hybrid were obtained for pod weight, and in only F1
(6X13) and F1 (13X6) for pod length. Meanwhile, the value of pod length
exceeded those of either parents for the F1 hybrid (13 X 24).

The results, in Table (1), indicated none of the twenty-five cultivars or the
three hybrids showed to have the highest mean values for all the characters.
This suggests that these cultivars could be used as a base population for a
promising pea breeding program through hybridization followed by selection.
However, the highest mean values for total yield per feddan, (6.36 Ton), pod
weight per plant (241.3 g.), number of pods per plant (92.3) and number of
branches per plant (6.67) were obtained by the F1 hybrid (P6xP13) “Arica X
Ambassador”. This Fi1 hybrid showed to have the highest mean values of
both number of branches per plant and the three yield characters which
exceeded those of either the respective parental cultivars and the other two
hybrids of this study.

Differential Display and Polymorphism of Isoesterase Molecular Forms
in Four Tissues of Pea Plants:

Differential display of esterase molecular forms over four tissues showed
that the highest polymorphism was expressed in seed tissues as 16
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isoesterase molecular forms which were observed in the zymograms of seed
tissues of each of P13, P27 (Photograph 1B and Figure 1B) and F1 (PsxP13)
(Photograph 1C and Fig. 1C).

Comparing isoesterase polymorphism in the other three tissues, over the
twenty-five cultivars, the highest number of isoesterase molecular forms, of
seed tissue exceeded those obtained in either root, stem or leaf tissues. A
total of 9, 9 and 15 molecular forms were observed to be the highest number
of variants in root (P4) stem (P2s) and leaf (Pz2s) tissues, respectively (Fig. 1A
and 1C).

Differential display over the four tissues in the three Fi1 pea hybrids,
showed also that seed tissues had more isoesterase molecular forms (16
isoforms) than those expressed in any of the other three tissues (Fig. 1C).

Esterase as a pectolytic enzyme interferes in most changes in the cell wall
of the plant cell during development of different immature tissues. It can
solubolize cell walls (Collmer and Keen, 1986; Koutojansky, 1987). Pectin
methylesterase (PME), although it does not by itself solublize cell walls, but it
regulates cell wall degradation by several mechanisms (Goldberg et al.,
1992), either by reducing pH by the release of a proton when methoxyl
groups of pectin are converted to carboxyl groups. This change in pH controls
the activity of other cell wall-degrading enzymes that are active at low pH and
thereby facilitate cell expansion and growth (Nari et al., 1986) and / or cell
separation (Koutojansky, 1987; Wen et al., 1999).

Data in photograph (1) and Figure (1) indicated that more differentially
displayed esterase molecular forms were expressed in seed tissues followed
by those in leaf tissues either in pea cultivars or hybrids. This indicated that
isoesterases are needed in all tissues during the ontogeny of pea plant but
more isoesterases are needed during the development of seeds and leaves.

However, differential display of polymorphism of isoesterases over the
four tissues suggests that pea cultivars and hybrids of our material could be
identified and discriminated from each other. Using isozyme polymorphism in
different pea tissues to discriminate and identify pea cultivars was also
applied by Posvec and Gariga (2002).

Similarity Coefficients, Genetic Distances and Clustering Analysis
Based on Differential Expression of Esterase Molecular Forms:

Only polymorphic bands were used in the construction of a binary matrix,
reflecting the presence or absence of esterase isozymes in different tissues
of the cultivars and Fi1 hybrids. The similarity coefficient values among
cultivars and hybrids based on band polymorphism of esterase isozymes
over the differences in four different tissues are presented in Table (2). The
similarity coefficients ranged from (81) between P2 and P21 (distantly related)
to (0.0) between the cultivar Sugar Ann (P2s) and each of P7 and Ps. The
genetic distances based on the similarity index were calculated as squared
total number of esterase isozymes band differences, between pea cultivars
and hybrids over the four tissues and are presented in Table (3). The lowest
genetic distance value (8) was found between the cultivars Sugar E.M. (P20)
and Filanon P21. Meanwhile, the highest genetic distance value (45) was
found between the cultivar Sugar Ann (P2s) and each of the cultivars Syrian
(P7) and Jumbo (Ps). Also, genetic distances based on differential expression
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of isozymes over plant tissues were evaluated and applied by Santalla et al.,
(2002) and Smutkupt et al., (2006).

The dendrogram produced from genetic distances between pea cultivars
and hybrids based on the differential expression of esterase isozymes in four
tissues is shown in Figure (2). Based on the extent of relative dissimilarity
among pea cultivars and hybrids, they were grouped into two clusters. Cut off
point at 60 dissimilarity points was fixed as minimum dissimilarity.

Cluster | consisted of 10 populations of the cultivars and hybrids. It
involved all the three F1 hybrids P13 X P24, P13 X Ps and Ps X P13 and seven
cultivars. These seven cultivars included the two cultivars; P13 and P24 which
were involved in the three hybrids. However, the other parental cultivar Ps as
well as other seventeen cultivars were found to be the eighteen members of
cluster II.

Genetic Diversity of Phylogenetic Relationship among Twenty-eight Pea
Cultivars and F: Hybrids Based on Multivariate Analysis of Eight
Developmental, Yield and Quality Characters:

The mean performance of the twenty-five pea cultivars and the three F1
hybrids presented in Table (1) showed a wide range of variation among these
cultivars and hybrids over eight developmental, yield and quality characters.
The mean values of these eight characters were used as a base for a
hierarchical Euclidean Cluster analysis. A matrix of genetic distances for the
twenty eight pea cultivars and hybrids is presented in Table (4). The genetic
distances for all the 378 pairs ranged from 0.10 to 1.79. The highest genetic
distance value (1.79) was obtained between the cultivar Master (P14) and the
F1 hybrid (PeXPu13). This was followed by a distance of 1.61 between the
cultivar Sugar Snap (P2s) and F1 (PsXP13).

This indicated that the F1 (PeXP13) is the most divergent one out of all
other pea cultivars and F1 hybrids. The mean performance of developmental,
yield and quality characters in Table (1) is in agreement with this result.
Meanwhile, according to diversity based on esterase molecular forms in four
tissues, the highest genetic distance was found between the cultivar Sugar
Ann (Pz2g) and each of Syrian (P7) and Jumbo (Ps). This might suggest that
there is no parallelism between the phylogenetic relationship based on
isoesterase molecular forms of four tissues and that based on eight
developmental, yield and quality characters. Such polygenic characters
strongly affected the distribution of pea cultivars and F1 hybrids over the
clusters of the phylogenetic tree.

The dendrogram produced from genetic distances based on the
developmental, yield and quality characters showed a grouping pattern and
distribution of the 28 pea cultivars and hybrids on four clusters (Fig. 3). This
clustering pattern is based on the extent of relative dissimilarity among, pea
cultivars and hybrids. Cut off point of 0.9 genetic distance was fixed as
minimum dissimilarity.
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Cluster | consisted of three pea cultivars; P1, Ps and P7. Cluster Il,
was the largest cluster, it included fourteen pea cultivars. Cluster Il consisted
of eight pea cultivars. Cluster analysis united the three Fi1 hybrids; F1 (P13 X
P24), F1 (Ps X P13) and F1 (P13 X Ps) into single cluster (V). Data of this cluster
analysis indicated the distribution of pea cultivars over three clusters. The

existence of such a wide genetic diversity suggests improvability of pea by
developing new genotypes through recombination breeding. Such finding was
corre sponding with what reported by Sood and Kalia (2006).

Mean Performance of Developmental Yield and Quality Characters Over
Clusters of Both Clustering Systems:

Mean values of the eight characters over the two clusters produced of the
clustering system based on isoesterase molecular forms or over the four
clusters which constructed on the basis of multivariate analysis of the eight
characters are presented in Table (5). Cluster IV of the second clustering
system showed to have the highest mean values for five out of the eight
characters; the three yield characters, number of leaves and number of
branches per plant. This strongly suggests that the members of this cluster
can share in constructing an effective breeding program to improve pea.
Similar conclusion was obtained by Amurrio et al., (1994). Meanwhile, cluster
Il showed to have the highest mean values over the rest three characters;
stem length and both of the pod characters. None of the two clusters of the
clustering based of esterase molecular forms showed to have any of the
highest values for any of the eight characters. This might suggest that there is
no parallelism between the two clustering systems.
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Table 1: Mean values of some developmental, yield and quality characters for local and exotic pea Cultivars and
F1 hybrids .

. . Stem length No. No. Branches/ Yield/plant ) Pod characters
Cultivar or Hybrid (cm) leaves/plant plant Pods wt (g) | No. pods Yield Ton/Fed. Weight (@) Length (cm)

1 Arica (A) 67.8 58.3 3.33 47.9 28.0 1.92 1.10 6.00
2 OnWard 90.0 44.0 2.67 77.0 23.0 2.09 2.10 8.00
3 Jo 1086 82.7 32.7 1.67 52.2 23.0 3.08 2.63 6.93
4 Ambassador (A) 52.7 35.3 2.33 355 14.3 1.42 2.43 6.53
5 Jurbo 50.0 50.7 4.00 61.0 19.0 2.44 2.21 8.00
6 Arica 79.2 70.0 3.33 74.4 50.0 2.86 1.32 6.07
7 _Syrian 108.0 91.7 4.00 71.6 30.7 2.85 2.31 6.80
8 Jumbo 80.0 65.0 4.44 88.8 21.0 3.55 2.37 11.27
10 Atol 75.4 72.0 5.00 100.3 26.0 4.01 2.39 8.17
11 Hunter 45.0 23.3 1.33 35.0 35.7 2.20 1.54 8.03
12 Top pod 93.3 50.0 3.00 84.0 26.0 3.36 2.29 7.00
13 Ambassador 93.0 50.3 3.00 64.0 26.3 2.57 2.42 6.80
14 Master 53.3 28.0 1.67 31.9 8.0 1.28 2.59 14.60
15 Toledo sugars 7.7 56.0 5.00 101.0 46.0 4.04 2.19 8.80
16 Sugar Luv 62.7 58.3 3.33 88.0 30.0 3.53 2.87 7.27
17 Penine 67.0 45.7 2.33 73.3 31.7 2.93 2.49 9.40
18 Oregon sugar 69.0 a47.7 4.67 139.3 31.3 5.65 2.52 9.10
19 Mammoth 198.7 85.3 3.33 136.7 33.0 5.77 3.13 9.33
20 Sugar E.M 76.7 42.7 2.67 108.0 47.0 4.32 2.37 7.47
21 Filanon (Nun0060) 67.3 40.0 1.67 49.0 26.3 1.96 1.83 7.33
24 Little Marvel 92.0 45.7 1.33 63.6 22.7 2.54 2.13 6.53
25 Perfection 87.3 52.7 3.33 71.7 27.7 2.87 2.48 6.60
26 Sugar Snap (BS0017) 59.0 36.0 2.67 29.2 18.3 1.17 1.57 6.50
27 Cascadia 66.0 53.7 4.00 35.0 16.0 1.43 2.06 6.00
28 Sugar Ann (BS0016) 63.7 37.0 2.33 42.3 19.0 1.73 241 6.20
F1 Hybrids
F1(13x24) 103.0 128.7 5.33 203.3 56.7 4.33 2.34 7.07
F1( 6x13) 57.0 67.0 6.67 241.3 92.3 6.36 2.37 6.40
F1(13x6) 93.0 61.0 3.33 222.3 84.0 6.35 2.15 6.47

LSD

1% 6.75 [ 6.14 [ 1.565 [ 16.15 [ 490 ] 0.369 [ 0.308 [ 1.155

5% 5.08 | 4.45 | 1.135 | 11.81 | 360 | 0.268 | 0.114 | 0.840
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Table 2 Similarity coefficients among the twenty-eight pea cultivars and F1 hybrids based on esterase
electrophoretic molecular forms differentially expressed in root, stem, leaf and seed tissues.

Cultivar F1 F1 F1
or Hybrid 213|456 |7|810|11]|12|13|14]|15(16|17|18|19]|20|21 (2425262728 (13%24)|(6x13)|(13x6)
1 0.5/0.68]0.28[0.30/0.59]0.14[0.14/0.390.41]0.510.75[0.32/0.27(0.46]0.49]0.62[0.58/0.51|0.54[0.67/0.50/0.61/0.71[0.61| 0.46 | 0.76 | 0.64
2 0.45]2.65]0.59]0.50/0.19]0.13|0.23]0.35/0.23]0.53/0.17]0.31]0.50|0.48]0.59]0.60|0.540.58]0.49|0.33|0.250.37/0.46| 0.31 | 0.51 | 0.38
3 0.32]0.27]0.68|0.19]0.05|0.41]0.48|0.45|0.75|0.22|0.25|0.43]0.46|0.59]0.59]0.410.49]0.69|0.360.41|0.56[0.61| 0.37 | 0.73 | 0.68
4 0.56/0.38/0.37|0.10]0.23]0.29]0.220.32[0.23[0.290.480.62[0.35[0.54[0.54[0.36[0.37[0.40[0.45[0.47[0.41{ 0.33 | 0.42 | 0.44
5 0.34[0.30]0.07]0.24{0.26/0.31{0.32]0.310.34{0.51]0.32[0.33]0.560.65[0.56/0.360.58]0.45]0.46[0.44| 0.32 | 0.51 | 0.35
6 0.16{0.09/0.41(0.43]0.53]0.700.36/0.270.57]0.59/0.560.660.45]0.48[0.68|0.40[0.47]0.54/0.53| 0.44 | 0.67 | 0.58
7 0.09[0.21]0.25|0.32/0.12]0.17{0.16]0.240.14{0.23]0.27(0.22]0.19]0.20[0.21/0.27{0.29]0.00] 0.24 [ 0.24 | 0.26
8 0.36]0.26]0.15[0.060.51[0.51[0.23[0.11[0.060.06[0.06[0.06[0.08[0.33[0.17{0.24[0.00[ 0.05 | 0.11 | 0.08
10 0.70]0.60]0.46]0.32]0.19|0.37|0.40|0.39]0.38|0.21]0.28|0.53]0.19|0.55/0.45/0.38| 0.24 | 0.40 | 0.45
11 0.52/0.53[0.33[0.300.370.350.35[0.42[0.22[0.21[0.56[0.14[0.37{0.39[0.34| 0.28 | 0.42 | 0.48
12 0.47{0.59/0.260.41]0.44]0.33[0.41]0.29]0.32[0.59/0.32(0.63]0.59]0.46| 0.34 | 0.48 | 0.51
13 0.30{0.33]0.49/0.57{0.75/0.66[0.60]0.610.77{0.39/0.46[0.56]0.66] 2.51 [ 0.78 | 0.67
14 0.43[0.17/0.32(0.14]0.24/0.32(0.28/0.32/0.39{0.42/0.37{0.32] 0.32 | 0.31 [ 0.32
15 0.34]0.34/0.27]0.36/0.36/0.30/0.33]0.44/0.34/0.28]0.33] 0.24 | 0.30 [ 0.29
16 0.58]0.46|0.69]0.52|0.46(0.51|0.47|0.51(0.54{0.48| 0.33 | 0.54 | 0.50
17 0.52|0.68|0.57|0.58|0.49|0.44/0.400.45/0.44| 0.37 | 0.46 | 0.44
18 0.72{0.60/0.65(0.63]0.40]0.42[0.48/0.56| 0.41 [ 0.19 | 0.50
19 0.75[0.74]0.66/0.61[0.44]0.55[0.56] 0.45 | 0.61 | 0.56
20 0.81[0.49]0.76/0.43[0.51/0.52 0.44 | 0.56 | 0.51
21 0.49|0.66]0.42/0.48/0.51| 0.47 | 0.50 | 0.40
24 0.37/0.56/0.59|0.59] 0.41 | 0.67 [ 0.67
25 0.41[0.46/0.41f 0.31 [0.48 | 0.41
26 0.78[0.63] 0.36 | 0.56 | 0.54
27 0.73| 0.46 | 0.66 | 0.64
28 0.44 | 0.68 | 0.60
F1(13x24) 0.39 | 0.40
Fl( 6x13 ) 0.74
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Table 3 : Mean proximity matrix of squared Genetic distances according to esterase molecular forms differentially
expressed in root, stem

leaf and seed tissues of the twenty-eight pea cultivars and F1 hybrids.

Cultivar FL | F1 | F1
or Hybrid| 2 | 3| 4| 5|67 |8 [10|11/12]13|14|15|16|17 |18 |19 |20 |21|24(25|26 |27 |28 | 15506 Ta)1aye)
1 27.0[17.036.0128.0125.040.0/44.0/32.0[32.0123.0[15.031.0/31.0[37.032.0120.0126.0125.021.0/18.029.025.0[17.027.0| 24.0 | 10.0 | 20.0
2 26.0/15.0[13.0118.0125.021.0[29.021.028.0/20.0/18.0[16.0120.0[17.0[13.0/15.0/14.0/18.0123.020.034.0[30.032.0] 23.0 | 27.0 | 31.0
3 31.0729.0[18.0[35.0/41.0/35.033.0/28.0[18.0334.0130.0[34.0[29.0123.0125.0/26.0120.0121.026.034.026.026.0, 29.0 | 15.0 | 21.0
4 16.023.026.0722.0130.0124.0[31.027.021.021.0/15.0120.0120.0[18.0[19.021.026.023.0127.0129.035.0, 24.0 | 32.0 | 32.0
5 23.022.026.0126.022.0221.021.0/17.0[15.021.0722.0116.0/14.0[11.0/13.022.0/13.0725.025.029.0, 20.0 | 24.0 | 32.0
6 29.027.0129.0225.026.020.024.022.0[18.021.0221.0117.022.020.023.0722.0[30.028.032.0] 25.0 | 19.0 | 31.0
7 20.030.0224.0227.0135.021.0[23.027.030.024.026.0127.0125.0[34.025.0135.037.045.0] 30.0 | 34.0 | 40.0
8 28.0222.0331.0:37.0125.0125.0/19.0/24.026.028.0125.0129.0138.027.037.0/39.045.0] 34.0 | 40.0 | 42.0
10 14.0/17.025.0721.0229.029.0126.0128.024.027.0123.0126.031.025.031.037.0, 30.0 | 32.0 | 34.0
11 21.023.0117.0221.025.0724.024.022.0125.027.0126.029.0333.033.037.0, 26.0 | 32.0 | 32.0
12 22.0[18.024.0228.021.0225.021.024.022.0119.0222.020.022.028.00 27.0 | 23.0 | 27.0
13 26.0720.0228.0123.0115.0[19.0[16.0/14.0/13.0724.0726.0122.020.0] 17.0 | 15.0 [ 21.0
14 16.026.0721.0223.021.020.020.029.022.030.032.038.0_ 23.0 | 31.0 | 33.0
15 24.0[19.0119.0115.0/14.018.025.0/16.0[30.0/32.032.0] 25.0 | 27.0 | 31.0
16 17.0223.0117.022.0226.029.0722.0[30.032.036.0] 29.0 | 31.0 | 33.0
17 18.0[12.0[15.0/19.0126.0/17.0331.031.035.0] 26.0 | 32.0 | 32.0
18 12.0/13.0[9.0 [18.0119.027.023.029.0] 20.0 | 24.0 | 28.0
19 9.0[11.0/18.0[15.0227.0127.027.0] 22.0 | 26.0 | 30.0
20 8.0[19.010.026.026.028.00 19.0 | 27.0 | 27.0
21 17.0[14.022.020.024.00 17.0 | 23.0 | 27.0
24 25.023.021.023.00 24.0 | 20.0 | 22.0
25 30.026.0832.00 25.0 | 25.0 | 31.0
26 16.024.0| 31.0 | 27.0 | 31.0
27 18.00 25.0 | 21.0 [ 25.0
28 31.0 | 25.0 | 29.0
F1(13x24) 28.0 | 30.0
F1(6x13) 18.0
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Fig. 2: Linkage dendrogram for twenty-eight local and exotic pea cultivars and F1 hybrids based on differential
expression of esterase molecular forms in four tissues.
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Table 4: Genetic distances matrix (transformed data) of squared Genetic distances based on mean values of eight
developmental, yield and quality characters of the twenty-eight pea cultivars and F1 hybrids.

Cultivar F1 F1
or 1 2 3 4 5 6 7 8 (1011|1213 |14 (15|16 |17 |18 [19(20 (21|24 |25 |26 |27 |28
Hybrid (13x24) | (6x13)
2 0.41
3 0.62(0.32
4 0.52|0.33|0.34
5 0.43]0.30]0.45|0.36
6 0.32]0.48|0.65|0.68|0.52
7 0.55[0.47]0.61|0.66|0.47]|0.45
8 0.65(0.46|0.60(0.66|0.37|0.62/0.43
10 0.65]0.53]0.64/0.71|0.40|0.56|0.36|0.26
11 0.48]0.44]0.46|0.44|0.54/0.58|0.80|0.77|0.84
12 0.49(0.23]0.30(0.46|0.33|0.45|0.38]|0.39(0.39|0.55
13 0.47]0.18]0.27|0.36|0.30/0.48|0.37|0.44/0.45|0.53|0.15
14 0.87]0.61]|0.64/0.57|0.66/0.99(0.94|0.72|0.93|0.66|0.76|0.70
15 0.64]0.55|0.66|0.76]0.47|0.48(0.47|0.35|0.26|0.77|0.42|0.49|0.96
16 0.64]0.40]0.38|0.51|0.34/0.57]0.42|0.38|0.34|0.67|0.26|0.29|0.78|0.41
17 0.56(0.26|0.27|0.40|0.34/0.54(0.52|0.41|0.51|0.45|0.26|0.26|0.57|0.50|0.28
18 0.87]0.71]0.73|0.90/0.63|0.75|0.68|0.45|0.37]0.93|0.53|0.65|1.04|0.36/0.48|0.61
19 1.20(0.96|0.96|1.21{1.06|1.03|0.77|0.81]|0.79(1.29|0.80|0.88|1.30|0.83|0.84(0.93|0.77
20 0.66(0.47]0.43|0.66|0.53|0.50{0.56|0.52|0.48|0.60(0.31|0.41]0.89|0.38|0.33]0.34|0.44|0.81
21 0.38]0.24]0.33(0.29|0.41|0.50(0.62|0.64|0.70|0.24]|0.39|0.34|0.61|0.70|0.53|0.33|0.85|1.14|0.54
24 0.49(0.24|0.22|0.36|0.47|0.54/0.56|0.62|0.67|0.41|0.30|0.27|0.68|0.69|0.47{0.32|0.80|0.98(0.48|0.21
25 0.99]0.67|0.72|0.87|0.78|0.94/0.70|0.58|0.74|0.99|0.66|0.65|0.77|0.75|0.70|0.64|0.83|0.67|0.76|0.85|0.76
26 0.31]0.35|0.50(0.29|0.40|0.56|0.68|0.71|0.76|0.36|0.52|0.44/0.67|0.77|0.65[0.51|0.96|1.29(0.72|0.25|0.42|0.96
27 0.36]0.35|0.52|0.32|0.25|0.54/0.49|0.56|0.56|0.58|0.44|0.34/0.74|0.63|0.51|0.50|0.84/1.16/0.68|0.41]|0.48(0.87|0.30
28 0.49]0.27]0.28(0.10|0.34/0.61]0.60|0.62|0.66|0.42]|0.38|0.27|0.61|0.70(0.45|0.35|0.84/1.13|0.58|0.24/0.28/0.82]|0.29|0.31
F1(13x24) 11.091.05|1.18|1.28|1.02|0.85|0.71]|0.85|0.70{1.33|0.92|0.98(1.48|0.72(0.87|1.02|0.80|0.84|0.88|1.20{1.13(1.10(1.29|1.12|1.21
F1(6x13) [1.44|1.40(1.46|1.60|1.34|1.18|1.24|1.21|1.06|1.55|1.25|1.34(1.79(0.93(1.17|1.32|0.91|1.24|1.05|1.51(1.49(1.48(1.61|1.49|1.53| 0.79
F1(13x6) [1.20(1.11|1.12|1.34|1.15|0.92(1.02|1.03|0.92|1.22|0.95|1.06{1.53|0.78|0.94(1.02|0.74|0.94(0.71|1.19|1.13|1.22|1.35|1.30|1.26| 0.75 0.57
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Fig. 3: Linkage dendrogram for twenty-eight local and exotic pea cultivars and F: hybrids, based on
transformed mean values of eight developmental, yield and quality characters.
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Table 5 : Mean values of some developmental, yield and quality characters for local and exotic pea cultivars and
F1 hybrids over two clustering systems .

Number Stem Yield/plant Pod characters
Cluster Of Cultivar or hybrid lenath No. No. Pods wtl No Yield Weiaht | Lenath
No. |Cultivar or ( Population) 9 leaves/plant | Branches/plant " | Ton/Fed. 9 9
hybrid (cm) (9) |pods ) (cm)
Clustering of pea populations based on differential expression of esterase molecular forms in four tissues
1, 6x13, 3, 13x6,
| 10 13, 24, 13x24, 77.72 58.3 3.37 102.10 | 38.63 3.15 2.12 6.49
26, 27, 28
2,5,14,15,17,
18 25,18,
Il 19, 20, 21, 4, 16, 6, 7, 79.63 53.2 3.23 79.25 |29.26| 3.17 2.30 8.32
8,10,11,12
Clustering of pea populations based on transformed mean values of eight developmental, yield and quality characters
| 3 1,6,7 85 73.3 3.55 64.63 |36.23| 2.54 1.58 6.29
2,3,4,5,11, 12, 13,
Il 14 14,17, 21, 24, 26, 27, 69.65 40.5 2.43 52.35 | 22.09 2.16 2.19 7.70
28
1l 8 8,10, 1250 155 18,19, 90.94 60.00 3.97 104.22 | 32.75 4.22 2.54 8.50
vV 3 13x24, 6x13,13x6 | g4 33 85.6 5.11 228.96 | 77.67| 568 | 229 | 6.65
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