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ABSTRACT

This study was carried out during three successive seasons, 2001, 2002, and
2003 at the Experimental Farm of El-Kassasein Horticulture Research Station. The
main objective of this work was to study the performance of developmentat and yield
characters of the three pea {Pisum sativum) parental genotypes and their F,, Fz, BC4
and BC: also to study the type of gene action and the polymorphism in the esterase
and malate dehydrogenase molecular forms in each of root, stem, leaf and seed
fissues. The six generations, P4, P, F1, F2, Ber and Boz were grown in 2003 season
and data were recorded on the means of all generations.

The F1 "Atol X Mamoth®” was higher than both parents for number of seeds per
pod, weight of seeds per pod and diameter per pod. The BCy cross “Mammoth X
Jurbo™ had the highest mean values for all characters except for stem length and
number of leaves per plant. The Bc; of the cross “Jurbo X Mammoth™ had the highest
mean values for all characters except for the stem length.

Significant values of the three scaling tests indicated the presence of non-allelic
interaction in almost ail characters of the four crosses.

Both positive and negative signifiant additive gene effects were observed in most
characters of three out of the four crosses. Meanwhile, negtive significant additive
gene effects were observed in four characters of the cross “Mammoth X Atol™.

The dominance gene effects were significant for all characters cver all crosses
except for number of branches in all crosses, growth rate and weight of seeds per pod
in the cross “Mammoth X Atol” indicating that the improvement of these characters
could be achieved through recurrent selection,

Non-allelic interactions of the types “additive X additive”, “additive X dominance”
and “dominance X dominance” were found to be controlling the inheritance of most
characters in all the four crosses.

Isozyme polymorphism showed both qualitative and quantitative changes in either
isoesterase or malate dehydrogenase banding patterns. A total of twenty-two and
thiteen molecular forms was observed for esterase and malate dehydrogenase
isozymes, respectively.

Tissue specificity in segregaled generations showed that the different molecular
forms could be assigned to ten loci and five loci for the esterase and malate
dehydrogenase isozymes, respectively.

These resuits indicated that both the developmental and yield characters under
study are expressed through biochemical path ways viuch might not be affected
directly by either esterase or malate dehydrogenase.

INTRODUCTION

Since yield is known to be a complex trait and highly affected by
environmental conditions thus, direct selection for yield is not expected to be
effective. Therefore, the breeder avoids selection for yield and prefers to
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select for its components individually. The value of genotype is not an
inherent absolute quality of the genotype but depends on the range of
environments over which it has been tested. So, the estimates of genotypic
variance would depend on the environment under which the material will be
tested.

Many investigators worked on pea to study observed the inheritance of
moranhological, phsiological, vield characters and the three types of gene
effects; additive, dominance and epistasis, (Oommen et a/.,1999). In pea, the
prasence of additive, dominance gene effects and epistatic interaction in
most crosses indicated the importance of both additive and non-additive gene
action in the expression of most characters. However, the fixable gene effect
aduitive x additive significantly contributed to the inheritance of days to
flowering, days to maturity, seeds/pod, seed weight and harvest index, while
the dominance gene effect mainly govened the inheritance of pods/plants.
Both additive x additive dominance x dominance gene effects were important
in the inheritance of plant height, seed yield and yield/plant. Dupiicate type of
epistasis was prevalent in most of the cases (Tyagi and Srivastava 2001;
Vinay-Bhardwaj et al., 2002 and Hooda et al., 2003).

Electrophoretic variations are considered the direct result of genetic
differences (Gottlieb, 1981). Variations in the level of enzyme moiecular
forms have provided a reasonably precise and quartitative measure of
genetic identity and/or divergence between populations, subspecies, species,
etc. Most studies have demonstrated high genetic icentity between con-
specific populations and betw=en sub-spesific taxa and generaily between
morphologically similar species (Goitlieb, 1981 and Crawford, 1983).

Esterases, as a substrate non-specific enzymes, provide a larger number
of molecular forms (Crawford, 1983) and controlled by many loci ranged from
ten in maize (MacDconald and Brewbacker, 1975) to eighteen loci in pea by
Guirgis ef al. (2000).

Furthermore, malate dehydrogenase molecufar forms are lower in their
polymorphism and were found to be controlled by two loci which are
conirolling at least abcut nine isozymes with two alleles in each lccus
(Powling et al., 1981), five loci in maize (Newton and Schwartz, 1980} and by
six loci in paa (Guirgis et al., 2000).

This investigation was conducted to estimate the performances, genic
interaction, and the molecular forms of both esterase and malate
dehydrogenase in four different tissues. The study extended to investigate
the association among the scores of isozymes intensity and the performance
of developmental and yield characters over the parental, F;, F2, Bc, and Bc,
of the four crosses.

MATERIALS AND METHODS

This investigation was carried out at the Experimental Farm of El-
Kassasein Hortiulture Research Station, during the seasons of 2001, 2002
and 2003, using three pea {Pisum sativam L.) parental genotypes; Jurbo as
P; Atol as P; and Mammocth as Pa.

in the growing season 2001, the three parenta! genotypes were crossed
as follows, cross 1(Atol X Mammoth), cross 2 (Mammoth, X Atol), cross 3

5244



J. Agric. Sci. Mansoura Univ., 30 (9), September, 2005

(Mammoth X Jurbo) and cross 4 (Jurbo X Mammoth) to produce the Fy hybrid
seeds. In October 2002, seeds of the parental and (F,'s) were sown. The F,
hybrids were self-"pollinated to produce F, population seeds. Each F, hybrid
was also, crossed to both parents to produce Be; (Fy x Py) and Be; (Fq x P3).
Self-poliination was also made for the parents to get parents’ self seeds.
Moreover, the parents were re-crossed to produce more F, hybrid seeds.

in October 2003 the parents, F;, hybrids F; and backcrosses were planted
in a randomized complete blocks design with four replications. Each replicate
included two rows of each of the F,, Be,, Bc, and the parents, in addition to
eight rows of the F, populations. Two seeds per hill were sown in a single hill
for each dripper. The drippers were, 20 cm apart ana the irrigation lines were
60 cm. in width. Each plot was 6 m”. The agricultural treatments were similar
for all entries under study.

Ten piants from each entry over all replications were randomly chosen for
measuring ail the developmental, and yield characters. The developmental
characters recorded were stem length {cm), number of leaves per plant,
number of branches per plant and growth rate which was measured as an
average rate of the difference in stem length per day. The total yield
characters were the weight of green pods per plant (g.) and number of pods
per plant. The pod quality characters were measured as: number of seeds
per pod, seeds weight per pod (g), pod length (cm.) and pod diameter {cm).

Isozyme electrophorsis:

Randomly samples were taken from each of the P,, P;, Fy, F,, Bc, and
Bc, for the four crosses. These samples were used to study the isoesterase
(Est) and Malate dehydrogenase (Mdh) molecular forms in root, stem and
leaf tissues after forty days of sowing date and from mature seeds as well.

Esterase (Est) and Malate dehydrogenase (Mdh) isozyme system were
given the designations {Est, Ec 3.1.1.1) and Mdh, (Ec 1.1.1.37), respectively,
in the report of commission of enzymes (International Union of Biochemists,
1978). Both enzymes were screened in all the plant materials at the
Biotechnology Lab., El-Kassasein Horticulture Research Station.

1- Enzyme extraction, gel preparation, sample loading and
electrophoresis:

Equal weight of fresh samples, representing four tissues collected from
the marked plants of Py, Pz, Fy, Fa B¢y and Bc, generations and were
crushed directly in an ice-cold (0-4°C) 1M tris buffer; pH7. The enzyme
extraction buffer and procedures were applied according to Tanksley and
Orton (1983). A 17.5% discontinuous non-dissociating, polyacrylamide gel
mixture, using a stock of 30% acrylamide N', N', Bis imethylene acrylamide,
was loaded in a 20x20 ¢m Bio-Rad PROTEAN-|| vertical slab cell.

Sample volumes with equal protein concentrations were used for loading
in gel after determining the concentration of protein in all samples according
to Bradford {1976). The buffers used in preparing gels and samples as well
as sample loading and electrophoretic conditions were discribed by Guirgis et
al. (1996).
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2- Staining and data collection:

Malate dehydrogenase isozymes were stained according to the
procedures of Brown et al. (1978), meanwhile, the procedures of Kahler and
Allard (1970) were applied with the modification suggested by Tanksley and
Rick (1980) for detecting non-specific esterase isozymes. The traveled

--ances by isozyme bands were recorded directly on a graph paper as
relative mobility values, RF, using a UVP fluorescent transilluminator. Then
gels of the isozymes banding pattern were photographed.

C- Statistical Procedures:

Scaling tests which provide information regarding absence or presence of
gene interactions were carried out according to Mather (1949). The three
paramzaters A, B and C as well as their variances were calculated. Estimates
of the types of gene effects were obtained using the relationships given by
Jinks and Jones (1358).

Spearman’s rank correlation coefficients (Spearman, 1904) were also
computed to determine the association relationships between the mean
performance of the studied populations and the isczymes intensity scores
according to Nei (1971 and 1973) using the formuia adopted by Brown and
Weir (1983).

RESULTS AND DISCUSSION

The mean performance of the studied populations:

Tables 1 and 2 show the perfermance of the six populations for ten
developmental and yield characters, in the four crosses, In Table 1, data
shiowed that the means of the F, cross “Ato!l X Mammoth” were higher than
both parenial cnes for number of seeds per pod, weight of seeds per pod
parental ones and diameter per pod, but they had the second highest for
stem length, number of leaves per plant and weight of pods per plant
Meanwhile, the Bc,; was the highest for number of leaves per plant, weight of
pods per plant, number of pods per plant and length of pod. Aiso, the mean of
the Bc, were the second highest values for number of seeds per pod and pod
diameter.

The cross “Mammoth X Atol” performance of Bc, had the highest values
for number of branches per plant, growth rate, weight of pods per plant,
number of pods per plant and number of seeds per pod. Meanwhile, it
occupied the second arder for stem length, number of leaves per plant, length
of pod and diameter of pod.

The cross “Mammoth X Jurbo” in Table 2, showed that performance of Be,
had the highest mean values for all characters except for stem length and
number of leaves per plant which were the second highest.

The Be; of the cross “Jurbo X Mammoth” had the highest mean values for
all the characters except the stem length per plant. Meanwhile, Bcy was the
second one for number of branches per piant, weight of pods per plant,
number of pods per plant, number of seeds per pod and weight of seeds per
pod.
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Table 1. Means of P,, P;, F,, F3, Be, and Bc; and standard error for developmental and yield characters in
two pea crosses.

Geno- | Stem length | No, leaves/ No. Growth Yield/plant Pod characters
types {cm) plant Branches/ Rate Pods wt. (g} { No. pods | No. seeds | Seeds wt. Length Diameter
plant {cmiday) _ {cm) (em)
“Atol X Mammoth”
P, 81.00+4.55 | 73.75¢2.06 | 4.50+0.65 | 0.63+0.01 | 102.66+7.41 [-27.00#0.91| 7.23:0.22 | 2.56:0.14 | 7.50+0.04 | 1.40+0.04
P2 197.00+1.58 | 87.50+3.23 | 4.00+0.41 | 2.23+0.02 | 137.41+4.92 | 32.50+1.44 | 5.53+0.21 | 2.24+0.07 | 9.35+0.06 | 2.20+0.08
F: 196.25+3.75 {1 90.00+3.14 | 450+0.29 | 2.2610.10 | 181.38+0.93 | 46.50+1.85 | 7.73+0.011 | 2.91+0.03 | 10.33+0.13 | 2.53+0.05
F; | 180.00+6.12 | 8250+0.87 | 4.50+0.29 | 2.54+0.04 | 156.72+1.00 | 42.25+1.31 | 6.50£0.04 | 2.65:0.03 | 8.45+0.21 | 1.53+0.05
Bc; | 165.75+4.05 | B4.5020.65 | 5.25+0.48 | 2.69+0.02 | 176.96+45.07 | 54.25+2.84 | 7.13+0.05 | 2.81+0.03 | 10.48+0.17 | 2.35+0.06
Be, | 19525+2.75 | 9750:3.23 | 450+0.29 | 0.4310.04 (220.62+14.90| 55.00+1.78 | 7.38+0.21 | 2.59+0.02 | 11.5:0.04 | 2.43+0.08
“Mammoth X Atol"
Py 197.00+1.58 | 87.5+3.23 | 4.00+0.41 | 2.23+0.02 | 137.41+4.92 | 32.50+1.44 | 6.50+0.21 | 2.24+0.07 | 9.35+0.06 | 2.20+0.08
P, 81.00£4.55 | 73.75:2.06 | 4.50+0.29 | 0.64+0.02 | 102.66+7.41 | 27.0040.91 | 7.2320.22 | 2.56+0.14 | 7.50+0.04 | 1.40+0.04
F 97.25+4.40 | 97.00+1.47 | 5.00:0.41 | 2.43+0.02 | 141.36+0.58 | 47.25+1.31 | 7.60+0.04 | 2.94+0.01 | 9.75+0.06 | 2.43+0.09
Fz 87.75+0.9L | 77.75+1.31 | 5.50+0.2¢ [ 1.96+0.06 | 130.09+5.44 | 40.00+2.04 { 7.18+0.22 | 2.73:0.01 | 9.28+0.05 | 2.28+0.09
Be, 157.0012.86' 89.50+8.19 | 5.50+0.29 | 2.89+0.03 | 157.1744.29 { 49.75+1.65 | £.03+0.09 | 2,56+0.13 | 9.70+0.04 | 2.58+0.09
Bc; | 91.75¢3.45 | 84.00£1.87 | 525+0.48 | 0.66+0.02 | 128.75+3.73 | 44.25+1.49 | 7.75+0.09 | 2.86+0.01 | 9.30+0.G7 | 2.78+0.05
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Table 2. Means of Py, P,, F,, F2, B¢, and Be; and standard error for developmental und yield characters
in two pea crosses.

Geno
types

Stem length
(cm)

No. leaves/
plant

No.
Branches/
plant

Growth
Rate
(cmiday)

Yield/

olant

Pod characters

Pods wt. {g)

No. pods

Mo. seeds

Seeds wt.
(@)

Length
{cm)

Diameter
{cm)

“Mammoth X Jurho”

P

197.00+1.58

87.50%3.23

4.00+0.41

2.23+0.02

137.4114.92

32.50+1.44

6.53+0.21

2.21+0.09

9.35+0.06

2,20+0.08

P2

77.50+2.10

50.75+2.17

352029

0.88+0.04

62.42+1.56

19.50+0.48

5.98+0.27

2.14+0.06

8.03+0.19

1.83+0.06

Fy

95.75+1,38

96.00+2.27

3.5+0.29

2.3620.19

164.59+1.07

42.50+1.04

7.43+0.15

2.50+0.03

9.58+0.05

2.48+0.08

F2

157.50%3.23

87.00+3.24

5.00+0.41

1.87+0.05

139.76+42.30

41.00+1.08

6.70+0.07

2.28+0.03

9.28+0.18

2.25+0.06

Bey

157.50%2.10

04.00+2.61

5.00+0.41

2.36+0.05

234.02+6.30

53.00+1.78

7.50+0.19

2.96+0.02

10.15+0.06

2.63+0.05

Beo

95.75+2.21

89.75+2.06

4.00+0.65

1.76+0.03

183.44+5.73

50.25+1.93

6.60+0.11

2.95+0.02

9.55+0.11

2.55+0.06

“Jurto X Mammoth”

P:

77.50+2.10

50.75+2.17

3.50+0.29

0.88+0.04

62.42+1.56

19.25+0.48

5.98+0.27

2.14+0.06

8.03+0.19

1:8370.06

P2

197.00+1.58

B7.50+3.23

4.00+0.41

2.23+0.02

137.41+4.92

32.50+1.44

6.53+0.21

2.2120.09

9.35+0.06

2.20+0.08

F4

202 50+2 53

93.50+1.71

3.75+0.48

2.08+0.26

152131715

35.75+1.49

7.18+0.09

2.54+0.06

10.43+0.14

2.3340.05

Fa2

151.50+1.19

85.25+2.06

4.0020.41

2.26+0.03

102.31+0.92

31.25+1.25

7.25+0.12

2.22+0.10

9.50+0.11

2.25+0.06

BC1

166.25+3.75

88.50+1.55

4.50+0.65

2.09+0.06

187.18+5.25]

44.25+1.11

7.45+0.06

2.77+0.05

10.38+0.13

2.30+0.086

Beo

193.75+1.65

97.75+2.87 |5 251048

2.8640.03

101 40+ 28 "46.0012 27

7.93+0.34

287+0.12

10.50+0.07

2.55+0.08
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Scaling tests:

The results of scaling tests A, B and C are presented in Table 3. In cross
“Atol X Mammoth", the A, B anc C tests were significant for growth rate,
weight of pods per plant, number of pods per plant and iength of pod. Only A
and C were significant for stem length, number of seeds per pod and
diameter of pod. In other words, these results indicated that the non-aiielic
interactions are governing these characters. The three scaling tests A, B and
C did not significantly differ the zero indicating that the additive dominance
model could be adequate to interpret the gene effects for number of branches
per plant and weight of seeds per pod.

Cross "Mammoth X Atol” showed that the A, B and C tests were
significant for length of pod. However, only A and B were significant for
growth rate, number of pods per plant, length of pod and diameter of pod. But
A and C were significant for stem length, number of branches per plant and
number of seeds per pod. Meanwhile, A, B and C were not significant for
weight of seeds per pod indicating the absence of non-allelic interaction in
this character,

In cross “Mammoth X Jurbo” the A, B and C tests were significant for stem
length weight of pods per ptant and number of pods per plant. Both A and B
were significant for weight of seeds per pod, length of pod and diameter of
pod. But A and C were significant for number of branches per plant. These
resuits indicated the presence of genic interaction for these characters. Also,
the results indicated the presence of “dominance x dominance” non-ailelic
interaction for stem length and number of branches per plant.

Cross “Jurbo X Mammoth” showed that the A, B and C tests were
significant for growth of rate, weight of pods per plant and number of seeds
per pod. This indicated the presence of “dominance X dominance” genic
interaction for these characters. Both A and B were significant for number of
leaves per plant, number of pods per plant, weight of seeds per pod, length of
pod and diameter of pod. For stem length, the three scaling tests A, B and C
did not significantly differ from zero. This indicating the absence of genic
interaction for stem length.

These results were in common agreement with those obtained, by Tyagi-
MK, Srivastava-CP (2001), Oommen-A, et al. (1999), Raj-Kumar, et al.
{2001) and Vinay-Bhardwaj, ef al. {2002).

Types of gene action:

Data in Tables (4) and (5) showed the types of gene action and the
epistatic effects using generation means for all characters for the four
crosses. The mean (m) values were highly signifi~ant and positive for all
studied characters in all crosses.

in the cross "Atol X Mammoth”, the additive gene effects (d) were
significantly negative for stem length, number of leaves, weight of pods per
plant and length of pod or significantly positive for growth rate and weight of
seeds per pod (Table 4).

In the cross “Mammoth X Atol", the additive gene effects (d) were
significantly positive or negative for all studied characters except for number
of leaves per plant and number of branches per plant.
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Table 3. Scaling tests (A, B and C) and their standard errors for developmental and yield characters in
four pea crosses.

No. Growth Yield/plant Pod characters
Ster(r::::;lgth No.plt\:‘\;eslf B;:.;::tesf (c':::t':y) Pods wt. (g) | No. pods N‘i‘_s_ee ds See(dgs) wt, L?cnm)mh Diz(a::)ter
“Atol X Mammoth” : . -
A |54.25+10.02 | 5.25+3.97 1.50+1.19 | 2.50+0.11 | 69.89+12.59 [35.00¢6.04 | - 764026 | 0.14+0.16 | 3.13+0.36 | 0.78+0.14
B .2.75+6.84 | 17.50+47.87 | 0.5040.78 |-3.64+0.13" [ 140.46+30.217 [31.00+4.26 | 0.50+0.48 | -0.04+0.09 | 3.33+0.16" | 0.13+0.18
o} 49.50+26.07 | -11.25+8.12 | 0.50+1.50 2.7710.2.6 24.05¢9.93 |16.50+6.65 | -3.20+0.41 | -0.01+0.21 [-3.70+0.87 |.2.55+0.23"
“Mammoth X Atol”
A 19.75+7.39 | -5,50+16.76 | 2.00+0.82" | 1,11+0.07 |35.55+10.08" [19.7523.84 | 1.93+0.27" | -0.07+0.27 | 0.30+0.12" | 0.52+0.21
. B 5.25+9.36 2.75+4.52 | 1.00+1.08 [-1.76£0.05 | 13.48+10.54 [14.25+3.39 | 0.6840.28 | 0.21+0.14 [ 1.35:0.16 [ 1.73+0.14
C [-121.50+10.79 | -44.25+7.14 | 3.50+1.5C | 0.11+0.24 | -2.44+22.54 | 6.00+¢8.75 [-0.25¢0.92" | 0.24+0.17 | 0.75+0.24 | 0.65+0.40
“Mammoth X Jurbo”
A 21.25+4.70 [ 4.50+6.55 2.50+0.96 | 0.13+0.21 | 186 1357 [31.00+43.98 | 1.05¢0.45 | 1.22+0.10° | 1.38+0.15 | 0.5810.15
8 17.25+5.09 | 32.75+5.18" | 2.00+1.35 | 0.28+0.20 | 135.88:+11.61 [38.75+4.03" | -0.20+0.38 | 1.46+0.08" | 1.51+0.29" [ 0.80+0.16
C | 160.00+13.46 | 17.75£14.28 | 550418 |[ -0.36+042 |30.03+10.76 |27.2545.03 | -0.55+0.54 | -0.22+0.17 | 0.5740.75 | 0.03+0.32
“Jurbo X Mammoth"
A | 52.50+8.19 | 32.75:4.16" | 1.75+1.41 | 1.2240.28 | 15280112 %0 |33.5042.72 | 1.7520.31 | 0.86:0.13 | 2.30+0.36 | 0.45+0.14"
B -12.0014.45 | 14.50+6.80 | 2.76+1.15 | 1.4120.27 |93.26210.87 |23.7525.00 | 2.1540.72 | 1.00+0.26 | 1.2320.21 | 0.57+0.16 |
c 7350+7.43 { 14.75+9.72 | 1.00+1.96 | 1.77+0.53" [-94.85: 1661 | 1.75+6.02 | 2.15+0.61 | -0.57+0.43 | -0.23+0.56 | 0.32+0.29
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Table 4. Mean estimation of six parameter model of gene effects for developmental and yield characters in two pea

crosses.

. " Growth Yield/plant Pod characters
¢ [Stem length| No. leaves! 0. .
g {cm) plant Br:rl'n::te sl (cr?u?ctl:y) Pods wt. (g}| No. pods | No. seeds See(t:;; wt. L?:rﬁ;h Dla(\;nnf)ter
. “Atol X Mammoth” -
m 180.00+6.12 | 82.50:0.87 | 4.50+0.29 2.54+0.04 |156.72+1.00 142.25+1.31 | 6.50+0.04 | 2.65+0.03 | 8.45+0.21 | 1.53+0.05
d -29.50+4.89 | -13.00+3.29 | 0.75+0.56 | 2.27+0.04 |-52.66+15.74 | -0.75+3.35 | -0.25+40.22 | 0.21+0.03 |-1.03+0.18 | -0.07+0.10
h | 50.25+26.75 | 43.38+8.30 | 1.75+1.68 |-3.08+0.21 |247.64+32.05 |66.25+8.78 | 3.85+0.50 | 0.70+0.16 112.05+0.91 | 4.18+0.28
i 2.00+26.38 | 34.00+7.44 1.50+1.61 [-3.92+0.18 [186.30+31.73 |49.50+8.52 | 3.00+0.46 0.19+0.14 110.15+40.90 | 3.45+0.28
i 57.00+10.91 | -12.25+7.61 | 1.00+1.35 [ 6.14+0.09 |-70.57+32.71 | 4.00+6.92 | -1.20+0.52 [ 0.10+0.17 | -0.20+0.36 | 0.65+0.22"

-53.50+32.60 {-56.75+15.47 | -3.50+2.69 | 5.06+0.31 [-396.64+63.73 |-11550+1496 | -2.8040.95 | -0.3640.25 | -16.60+1.11" | .4.35+¢0.46

“Mammoth X Atol”

m B7.75+0.95 | 77.75+1.31" | 5.50+0.29 | 1.96+0.06 [130.09+5.44 [40.00+2.04 | 7.18+0.22" | 2.73+0.01" | 9.28+0.05 | 2.28+0.09
d 65.25+4 .48 5.50+8.40 0.25¢0.56 | 2.2310.04" | 28.42+5.76 | 5.50+2.23 | 0.27+0.12" | -0.230+0.13" | 0.40+0.08™ | -0.20+0.10
h 104.75+10.94 | L2.38+17.77 | 0.25+1.68 | 0.24»0.25 |72.81+25.03 |45.50+9.43 | 3.58+0.92 0.44+0.26 [ 2.22+0.26" [ 2.23+0.41"
i |146.5049.73 " | 36.00+17.61 | -0.50+1.61 | -0.75+0.25 | 51.48+24.63 |28.00+9.30 | 2.85+0.90 | -0.10+0.26 | 0.90+0.25" | 1.60+0.39
i 14.50+10.17 | -2.75+¢17.23 | 1.00+1.22 | 2.87+0.08" [ 22.07+14.56 | 5.50+4.77 | 1.25+0.39 | -0.28+0.30 [-1.05+0.18 [-1.20+0.22
I |-171.50+20.88 | -27.75+34.36 | -2.50+2.69 | 1.40+0.08" |-100.52+32.94 | 620021248 | -5.45+1.04" | -0.04+0.54 | -2.55+0.41 | -3.85+0.56
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Table 5. Mean estimation of six parameter model of gene effects for developniental and yield characters in two pea

crosses.

E " crowth Yield/plant Pod characters

@ |Stem Jength] No. leaves! o .

g‘ {cm) plant Br:r;::tesl (cg?;:y) Pods wt. (g)| No. pods | No. seeds See(c;s) wt. Liecnig)th D'?:::)ter
. “ Mammoth x Jurbo” . ; _

UR | 157.50¢323" | 87.00+3.24 | 5.00+0.41 | 1.87+0.05 |139.76+230 |41.00+1.08 | 6.70+0.07 | 2.26+0.03 | 9.38+0.18 | 2.25+0.06

d | 61.75+3.05 4254333 | 0.50:0.76 | 0.60+t0.06 | 50.58+8.52" | 2.75+2.63 [ 0.90+0.22 | -0.09+0.03 | 6.60+0.12" | 0.08:0.08

h [-164.00+14.41 46.38114.87 7281227 | 1.5870.29 |340.65119.56 | 59.1346.05" | 258+0.66 | 3.2130.14 | 3.19+0.77 | 1.8120.32"

i 1-123.50214.287 19.50+14.57 | -1.00+2.24 | 0.77+0.21 |275.88+19.36 |42.50+6.80 | 1.40+0.56 | 2.8920.13 | 2.31+0.76 | 1.35¢+0.30

i 4.00+6.65 [-28.25+7.71 | 0.50+1.61 | -0.15:0.12 | 26.16+17.80 | -7.75+5.47 | 1.25+0.55 | -0.24+0.12 | -0.13+0.32 | -0.23+0.19

I 85.00418.17 |-56.75+19.51 | -3.50+3.55 | -0.19+0.48 {T--">81 7815727 11225+ 1165 | -2.25+1.02 | -5.56+0.21 | -5.19+0.90" | -0.73+0.45™

“Jurbo X Mamuioth ™

m [151.50+1,197 | 85.25+2.06 | 4.00+0.41 [ 2.26+0.03  [102.31+0.907 [31.25+1.25 | 7.25+0.12" | 2.22+0.10" | 9.50+0.11 | 2.25+D.06

d }-27.50+4.10 | -9.25+3.26 | -0.75+0.80 |-0.78+0.07 | -4.22+6.19 | -1.75+2.53 | -0.48+0.35 | -0.11+0.13 | -0.13+0.15 | -0.25+0.09"

h  [179.25+0.80 |55.8B+10.81 | 3.50+2.35 | 1.38%0.32" |400.13+14.96 |65.38+7 31 | 2.68+0.86 | 2.78+0.48 | 549+0.55 | 1.0140.32

i 1114.00+9.48™ [31.50+10.50 | 3.50+2.29 | 0.88+0.18 [347.91/'2 "4 |555047.11 | 1.75+0.84 | 2.42+0.48 | 3.75¢0.63 | 0.70+0.31

i 64.50+8.61° | 18.25+7.60 | -1.00+1.68 | -0.19:0.14 [66.55+13.41 | 9.75+5.28 | 0.40+0.77 | -0.14+0.28 | 1.08+0.36 | -0.13+0.20

T |-154.50+18.00 [-78.75216.27 | -B.00+3.76 | -3.4930.60 |-600.971:9°>7 | -11275+ 1177 | -5.6541.51 | -4.28+0.68 | -7.268+0.82 | -1.73+0.45
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in the cross “Mammoth X Jurbo”, additive gene effects (d) were highly
significant and positive for stem length, growth rate, weight of pods per plant,
number of seeds per pod and length of pod. They were significantly negative
for weight of seeds per pod. Meanwhile, in the cross “Jurbo X Mammaoth” the
gene effects (d) were significant and negative for stem length, number of
leaves, growth rate, and pod diameter (Table 5).

The dominance gene effects (h) were significant for aii characters for all
crosses except for number of branches in the four cross and growth rate and
weight of seeds per pod in the cross "Mammoth X Atol” as seen in Table 4.
These results indicated that the improvement of these characters could be
achieved through recurrent selection.

The additive x additive effects (i) were significant and positive for all
studied characters in the four crosses. Meanwhile, they were highly
significant and negative for growth rate in cross “Atal X Mammoth” (Table 4),
and for stem length in cross “Mammoth X Jurbo™ (Table 5). Non significant
values were observed for number of branches in all crosses and for weight of
seeds per pod in both the crosses “Atol X Mammoth”™ and “Mammoth X Atol”
(Table 4).

Additive X dominance (j) type of digenic epistasis was found to have
significant positive values for stem length, growth rate, diameter of pod in the
cross “Atol X Mammoth” and for growth rate, weight of pods per plant and
number of seeds per pod in cross “Mammoth X Atol” (Table 4), number of
seeds per pod in the cross “Mammoth X Jurbo®, stem length, number &f
leaves, weight of pods per plant and length of pod in the cross “Jurbo X
Mammoth” (Table 5).

Meanwhile additive X dominance (j) type of digenic epistsis was found to
have significant negative values for weight of pods per plant, number of
seeds per pod in the cross “Atol X Mammoth”, diameter of pod in the cross
“Mammoth X Atol” (Table 4); number of leaves and weight of seeds per pod
in cross “Mammoth X Jurbo” (Table 5).

The interaction “dominance X dominance” (L) was found to be highly
significant negative for all studied characters in all crosses except for growth
rate which had highly significant and positive value in the crosses “Atol X
Mammoth” and “Mammoth X Atol” (Table 4). Meanwhile, number of branches
in all crosses and number of leaves in the cross “Mammoth X Atol” had
nensignificant (L) values. Similar trends of genic interactions were obtained
by Raj-Narayan et al. {1998), Raj-Narayan, et al. (1999), Commen et al
(1999), Tyagi-MK: Srivastava-CR (2001), Raj-Kumar et al. (2001) Vinay-
Bhardwaj et al. {2002) Ravider-Kaur et al. (2003) and Hocda-JS (2003).
Polymorphism of isozyme:

Isoesterase banding patterns in Flgure (1) showed a total of twenty-two
different molecular forms. These molecular forms were found to show
quaiitative changes in number of isozymes over different tissues. Moreover,
guantitative changes which are expressed as changes in band intensity were
also observed over different lanes in all genotypes. Similar results concerning
differences in isozymes molecular forms were also observed by Guirgis et al.,
(1993)..
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Tissue specificity expressed in parental, F;, F,, BC; and BC, over four
crosses, were also demonstrated. Based on the presence and the absence of
different isozymes over different tissues, the resuits in Fig.(1) suggest that
esterase isozymes could be controlled by at least ten loci. The two bands at
10.2 and 10 ¢cm anodal to origin could be assigned to the Est1 locus, the two
t--ds at 9, 8.8cm for Est2, the two bands 5.8 and 6.1 cm for Est3, the three
bands at 4.2, 4.5 and 4.8 cm for Estd, the common band at 3.9 c¢m for Est5,
the two isozyme bands at 3.3 and 3.5 ¢m for Est6, the three bands at 2.1, 2.4
and 2.8 cm for Est7, the two bands at 1.6 and 1.8 ¢m for Est8, the common
two bands at 1.0 and 1.3 cm for Est9 and the three isoforms at the positions
C° CS5and, 0.7 cm anodal to the origin were assigned to the locus Est10. in
this ¢ ncern, for example, loci Est1 and Est2 were only expressed in leaf
tissues but they were found to be absent from the rest three tissues (Fig.1).
Such tissue specificity was also reported by Guirgis et al. (2000).

Malate dehydrogenase isozymes appeared in Figure (2) showed a total of
thirteen (13) molecular forms over ail genotypes. Differences on the level of
both the number of bands and band intensity were also observed in all
tissues of either parental, F, and segregated generations.

Tissue specificity revealed that these thirteen isoforms could be assigned
to five loci; Mdh1-Mdh5. The molecular form at 3.4cm anodal to the origin
could be assigned to the locus Mdh1, the bands at 3.2, 2.9 and 2.7 c¢m for
Mdh2, the single band at 2.5 cm for Mdh3, the four isoforms at 2.2, 2.0, 1.8
and 1.6 cm for Mdh4 and the four is forms at 1.3, 1.0, 0.5 and 0.3 cm for the
locus Mdh5.Such tissue specificity was als. observed by Gurgis et a/.(2000).

Differential expression of isozymes necessary for the biochemical
- pathways in different cell types, tissues and organs is always associated with
the different developmental stages of the plant. Moreover, Peirce and
Brewbaker (1973) reported that isozymic variation often arises from allefic
segragation at a single locus evidently representing more subtle changes in
the enzyme molecule. Electrophoretic analysis clearly show that isozyme
pattern and intensity are specific to the plant part or tissue and to maturity or
developmental stage.

Resuits in Table € showed no significant Spearman's rank correlation
coefficient between either Esterase or Malade dehydrogenase isozymes and
the performance of developmental and yield characters in almost ail crosses.
These results indicate that both the developmental and yield characters
under study are expressed through biochemical pathways which might not be
directly affected by either esterase or malate dehydrogenase enzymes.

It is worthy to mention that considerable genetic variation either on the
level of the performance of the ten deveiopmental and yield characters or on
the level of isozyme polymorphism were indicated in aill generations among
and within each cross. However, the non-allelic interaction was found in
thirty-six out of forty studied character (ten for each cross), with the
prevalence of both “additive x additive” and "dominance x dominance” types
of genic interaction in these characters. Furthermore, the prevalence of
dominance gene effects in nine out of the ten characters over each of the four
crosses clearly suggest that the improvement of these characters could be
achieved through recurrent selection. ’
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Fig.2: Electrophoretic banding patiren of malate defydrogenase isozymes in root (£ ),
stem s ), leaf (1 ) and seed (d ) tissuse of parental (P1and P2 ), Fi,F2.BCi and
BC: generations in four crosses | | A= Atol x Mammoth™ , B=" Mammaoth x
Atal” , C="Mammath x Jurbo * and D="Jurbo x Mammath™ ).
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Table 6. Spearman’s rank corelation coefficient (rs) between esterase (Est), Malete dehydrogenase (MDH)
intensity scores in four pea tissues; root (r ), stem(s) leaf (I) and seed (d), and the performance of P,,

P,, F,, F2, Bc1 and Be, for developmental and yield characters in four crosses.

Tissues

Stem length

No. leaves/
plant

No.
Branches/
plant

Growth Rate

Yield/plant

Pod characters

Pod wt.gm

No. pods

No seeds

Seeds wt

Length

Diameter

Est | Mdh

Est | Mdh

Est | Mdh

Est | Mdh

Est | Mdh

Est | Mdh

Est | Mdb

Est | Mdh

Est | Mdh

Est | Mdh

“Atol X Mammoth”

0.23 |-0.06

-0.35(-0.35

-0.96% 0.37

-0.41]0.81

-0.76(-0.06

-0.84

-0.12

-0.41

-0.32

-0.81] 0.64

-0.73|-0.32

-0.64|-0.03

0.49 {-0.53

0.15|0.12

-0.28) 0.49

0.031-0.19

-0.09] 0.34

0.01

0.56

-0.73

0.28

-0.49 | 0.03

0.06 | 0.56

-0.17]0.12

Of—|w[AD

0.3210.26

0.2310.54

-0.15]-0.15

-0.06]-0.54

-0.03/0.26

0.17

0.37

-0.49

0.20

-0.55-0.49

0.35[0.60

-0.06| 0.26

0.37 1062

0141077

-0.581-0.06

-0.491-0.29

-0.201 0.44

-0.14

0.50

-0.49

0.15

-0.83(-0.27

-0.03]10.74

-0.31]0.53

Mammoth X

Atol”

043 [-0.21

0.151-0.12

-0.84(0.75

0.08 |-0.06

0.08 |-0.06

-0.38

0.43

-0.30

0.53

-0.66]0.03

0.38 [-0.28

-0.63|0.78

0.611{-0.33

0.23-0.14

0.01[0.93

0.3810.14

0.380.14

0.15

0.49

-0.06

0.06

-0.60]0.12

0.15 [-0.26

0.23 | 0.49

-0.05]-0.03

-0.49|0.03

-0.26| 0.85

-0.20]0.24

-0.20]0.24

-0.66

0.47

-0.77

0.21

-0.82]10.25

-0.551-0.27

-0.66] 0.59

ol—|nAa

0.38]0.39

0.2610.18

0.38}0.01

026,044

0.2610.44

0.49

-0.09

0.43

-0.65

-0.031-0.37

0.14 (-0.03

0.77 1-0.38

“Mammoth X Jurbo”

0.25-0.09

0.15-0.66

-0.38] 0.24

0.34 1-0.38

-0.271-0.31

-0.27

-0.31

-0.21

-0.26

-0.27]-0.31

0.15]-0.43

-0.27{-0.31

0.22 1 0.03

0.32 |0.94*

-0.49]10.12

0.46 | 0.75

-0.23] 0.83

-0.23

0.83

-0.12

0.98*

-0.23[0.83

0.2310.89

-0.23| 0.88

0.2410.0°

-0.54| 0.58

0.01]-0.64

-0.58] 0.49

-0.431-0.30

-0.43

-0.03

-0.77

003

-0.43]-0.03

-0.49|0.40

-0.437-0.03

afl=—im|m

-0.481-0.15

-0.38/0.09

-0.361-0.79

-0.16] 0.09

-0.521-0.55

-0.52

-0.55

-0.12

-0.35

-0.621-0.55

-0.461 0.20

-0.521-0.55

“* Jurbo X Mammoth

-0.35]0.03

-0.671-0.23

-0.091-0.72

0.29 |-0.78

-0.581-0.32

-0.64

-0.46

-0.41

-0.70

-0.64]-0.46

-0.73{-0.38

-0.261-0.84

0.23]0.54

-0.23|0.71

0.09,0.38

0.291-0.03

-017]0.77

-0.23

0.66

-0.12

0.43

-0.2310.68

-0.29] 0.60

-0.0610.14

-0.3710.48

-0.71] 0.89

-0.17| 0.67

0.2010.37

-0.600.94*

-0.66

0.83

-0.43

0.66

-0.66| 0.83

-0.77[0.77

-0.3110.43

r
s
|
d

-0.54] 0.31

-0.37] 0.37

-0.06| 0.20

0.14 ] 0.43

-0.31]0.31

-0.37

0.09

-0.26

-0.03

-0.37| 0.07

-0.43[{0.14

-0.20(-0.09

*; Signifi

cant at §% level.
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