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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 developmental and yield
characters of the three pea {Pisum sativum) parental genotypes and their Fy, F2, BC,
and BC: also to study the type of gene action and the polymorphism in the eslerase
and malate dehydrogenase molecular forms in each of root, slem, leal and seed
tissues. The six generations, Py, Pz, Fy, F2, B and Bep were grown in 2003 season
and data were recorded on the means of all generalions.

The Fy *Atol X Mamoth” was higher than both parents for number of seeds per
pod, weight of seeds per pod and diameter per pod. The BC; 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 all characlers of the four crosses.

Both positive and negative signifiant additive gene effects were observed in mos!
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 over 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 lhe lypes “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 lotal of twenty-two and
thirteen molecutar forms was observed for esterase and malate dehydrogenase
isozymes, respectively.

Tissue specificity in segregated 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 resulls indicated that both the developmenta! and yield characters under
study are expressed through biochemical path ways .iuch 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 gquality of the genolype 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 materiat will be
tested.

Many investigators worked on pea to study observed the inheritance of
n .onological phsiological, yield characters and the three types of gene
efe ls; adduive, dominance and epistasis, (Oommen et a.,1959). In pea, the
p-esence ci additive, dominance gene effects and epistatic interaction in
m. st Lrosses indicated the importance of both additive and non-additive gene
action in the expression of most characters. However, the fixable gene effect
adcitive x additive significantly contributed to the inheritance of days to
flowering, days to maturity, seeds/pod, seed weight and harvest index, while
lhe 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. Duplicate type of
epistasis was prevalent in most of the cases (Tyagi and Srivastava 2001;
Vinay-Bhardwaj el 2. 2002 and Hooda et af., 2003}

Elactrophoretic variations are considered the direct result of genetic
differences (Gottlieb, 1981). Variations in the level of enzyme mgclecular
forms have provided a reascnably precise and quantitative measure of
genetic identity and/or divergence between populations, subspecies, speries,
etc. Most studies have demonsivated high genetic identity between con-
specific populations and between sub-speeific taxa and generaly between
morphaiogically similar species ;Getilieb, 1881 and Crawford, 1983},

Esterases, as a substrate non-specific enzymes, provide a larger number
of molecular forms (Crawford, 1583) and controlled by many loci ranged fromi
ten in maize (MacDenald and Brewbacker, 1975) to eighteen loci in pea by
Guirgis et al. (2000).

Furthermore, malate dehydrogenase molecular forms are lower in their
polymorphism and were fourd to be controlled by two loci which are
confrolling at least about nine isozymes with two alleles in each locus
(Powling et 2!, 1981), five loci in maize (Newton and Schwartz, 1980) and by
six lcci in pea {Guirgis et al., 2000).

This investigation was conducted to estimate the performances, genic
interaction, arid 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 perfermance
of developmental and yield characters over the parental, F,, F3, B¢y and Be;
of the four crosses.

MATERIALS AND METHODS

This investigation was carried ocut at the Experimental Farm of El-
Kassasein Horlivlture Research Station, during the seasons of 2001, 2002
and 2033, using three pea {Pisum sativam L.} parental genotypes, Jurbo as
Py, Atol as P; and Mammoth as P,

In the growing season 2001, the three parental genotypes were crossed
as follows, cross 1{Atol X Mammoth), cross 2 {(Mammoth, X Atal), cross 3
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{(Mammoth X Jurbo) and cross 4 (Jurbo X Mammoth) to produce the F, 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, (F, x Py) and Bc, (F; x Py).
Self-pollination 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, Fy, 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,, Bc,, Be, 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 and tha irrigation lines were
60 cm. in width. Each plot was 6 m®. The agricultural freatments were similar
for all entries under study.

Ten plants from each entry over all replications were randomly chosen for
measuring all the developmental, and yield characters. The developmental
characters recorded were stem length {cm), number of leaves per plant,
number of branches per piant 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 sarnples were taken from each of the P,, P, F,, F; Bc, and
Bc, for the four crosses. These sarmples 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., EFKassasein Horticulhure 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 P, P;, F., F, Bc¢; 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-methylene acrylamide,
was loaded in a 20x20 cm Bio-Rad PROTEAN-II vertical slab celf.

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).

5245



Swldan, Suzan A,

2- Staining and data collection:

Malate dehydrogenase isozymes were stained according to the
procedures of Brown et al. (1878), meanwhile, the procedures of Kahler and
Allard (1970) were applied with the modification suggested by Tanksley and
Rick (1980) for detecting non-specific eslerase isozymes. The traveled
distances by isozyme bands were recorded directly on a graph paper as
relative mobility values, RF, using a UVP fluocrescent transiliuminator. Then
gels of the isozymes banding pattern were photographed.

C- Statistical Procedures:

Scaling tests which provide information regarding absence or presence of
gene .nteractions were camied out according to Mather (1949). The three
parameters 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 (1958).

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 isozymes intensity scores
according to Nei (1971 and 1973) using the formula adopted by Brown and
Weir {1983).

RESULTS AND DISCUSSION

The mean performance of the studied populations:

Tables 1 and 2 show the performance of the six populations for ten
developmental and yield characters, in the four crosses. In Table 1, data
showed that the means of the F, cross "Atol X Mammoth® were higher than
both parental ones 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. Also, the mean of
the Bc, were the second highest values for number of seeds per pod and pod
diametar.

The cross “Mammoth X Atol" performance of B¢, 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 order 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 B¢,
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
ali the characters except the stem length per plant. Meanwhile, Bc, was the
second one for number of branches per plant, 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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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 length of pod. Oniy A
and C were significant for stem length, number of seeds per pod and
diameter of pod. In other words, these resulls indicated that the non-allelic
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 plant 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
results indicated the presence of genic interaction for these characters. Also,
the results indicated the presence of "dominance x dominance” non-allelic
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 paed. 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), Commen-A, el al (1999), Raj-Kumar, e! 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 signifizant and positive for all
studied characters n 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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In the cross "Mammoth X Jurbo”, additve 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
lor weight of seeds per pod. Meanwhile, in the cross "Jurbo X Mammoth” the
gene effects (d) were significant anc negative for stem length, number of
leaves. growth rate, and pod diameter (Table 5).

The dominance gene effects (h) were significant for all 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 resulis indicated that the improvement of tncse 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 “Atol 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 episiasis 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 of
leaves, weight of pods per plant and length of pod in the cross “Jurbo X
Mammeth” (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 Ato!l" (Table 4). Meanwhile, number of branches
in all crosses and number of leaves in the cross “Mammoth X Atel” had
nonsignificant (L) values. Similar trends of genic interactions were obtained
by Raj-Narayan et a/ (1998), Raj-Narayan, et al (1998), Oommen e! al
{1999), Tyagi-MK: Srivastava-CR (2001), Raj-Kumar et &l (2001) Vinay-
Bhardwaj et al. (2002} Ravider-Kaur et al. (2003) and Hrada-JS (2003).
Polymorphism of isozyme:

Isoesterase banding patterns in Figure {1) showed a tofal of twenty-two
different malecular forms. These molecular forms were found to show
qualitative changes in number of isozymes over different tissues. Moreover,
quantitative changes which are expressed as changes in band intensity were
also observed over different fanes in all genotypes. Similar results concerning
differences in isozymes melecular forms were also observed by Guirgis et !,
{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 results in Fig.{1) suggest that
nsterase isozymes could be controlled by at least ten laci. The two bands at
"1 2 and 10 cm anodal to origin could be assigned to the Est1 lacus, the two

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 Est4, the common band at 3.9 ¢cm tor Est5,
the two isozyme bands at 3.3 and 3.5 cm 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 cm for Est8, the common
two bands at 1.0 and 1.3 cm for Est9 and the three isoforms at the positions
£ 35 and 0.7 cm anodal to the origin were assigned to the locus Est10. In
th's c 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 tissuz 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 all genotypes. Differences on the level of
both the number of bands and band intensity were aiso observed in all
tissues of either parental, F, and segregated generations.

Tissue specificity revealed that these thiffleen 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 tands at 3.2, 2.9 and 2.7 cm for
Mdh2, the single band at 2.5 cm for Mon3, thz four isoferms 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 3! observed by Gurgis et al.(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. Moreaver, Peirce and
Brewbaker (1973) reported that isozymic variation often arises from ailelic
segragation at a single locus evidently representing more subtle changes in
the enzyme molecule. Electrophoretic analysis cleariy show that isozyme
pattern and intensity are specific lo the plant part or tissue and o malurity or
developmental stage.

Results in Table 6 showed no significant Spearman's rank correlation
coefficiant between either Esterase or Malade dehydrogenase isczymes and
the performance of developmental and yield characters in aimost all crosses.
These results indicate that both the developmental and yield characters
under study are expressed through biochemical pathways which might not be
directly afiected 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 leve! of isozyme polymorphism were indicated in all generations among
and within each cross. However, the non-allelic interaction was found in
thirty-six aut aof forty studied character {ten for each cross), with the
prevalence of bath “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 aver each of the four
crosses clearly suggest that the improvement of these characters could be
achieved through recurrent selection.

5254



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

Xy

P ] r et alfowloafr |n|r.|e|tn|u|
r 1

Yy

ra'rllell’llelrllql

foy b da] % 0 ] f k1 g ¢ a0 A N d] 3 oa |
™ r2 F1 [;] acY

2

Fig-1: Eb horetic banding panren of 02y inroot (r) mem(s ).
leal (I)uﬂmd(d)mmenfpuuul(ﬁuﬂh).ﬁ F:BCun.‘.BCJ
genaralions in four crosses | { A= " Atol x M ™ M h x Awol™,
C="Mammoth x Jurbo ln‘.lD-”.lwbomeumd\’]

5255



Swidan, Suzan A.

0 | B 3
dalretd jresid |Jrobtalrsid]
F1 F2 BC1 BL2

14 =
At -
Fa)
2
- .
<] 21
F 3 _ ; o
[ ¥ J - 1
" 3 g 4
1 bt :
|l 2 -
- F REL
us

Jersia Jrstd jretd{rest df

JrorT d|realu

Pt P2 F1 2 BC1 - e
N S
£ -
. = &
- . :
u H
- . ‘1 h «b -
L1 | -
le st d st d|rwida{reid Jroid]ratd]
1
13
L ¥} -
A
7
o .,
) -
D [T 4 P‘ 3
L. 3 :
. ‘ - -
l..:iu ‘ .| -

lt a1 a fbrstdlrntdirsnd Jrald]ran al
PI Lir 4 Fi 2 BCA - =

Fig 2: Flertrophoretic banding pattren of malsie defvyrdrogenase tsozymes in root (1),
ster 8 ), beal” (1 ) mred soed (d ) tissse of parerstal (P1 and P ), Fi,Fz,BCt and
B gencrations in four aneeses | { A=" Aol x Mammoth™ , B=" Mammoth x
Awd” | C="Mammoth x Jurbo “ end D="harto x Mammoth™ )

5256



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

“[9AS] %6 e Juedpubig !,

60°0-(02°0-| ¥4'0 1€v0-| 2070 [2€°0-Ico'0-[g9z0-[60'0 280 [eo[weo-Tevolvi0]ozoloo0 T zeofzeofien]vso] P |
EPOIIE0 (L0440 E80(890-[99°0[EF0-[ €80 |99°0-|.460/090- | LEQI020[12901410-1680 VL0 |6VO 280 |
¥1'0(900-|09°0[620-({890|eT0-{Ct0]210-1990|e20-[£20(41°0-]€00-/620/RC0 600 LLO|E20-)PSD|ECD| 8
P8'0-{9C'0-(8E'0-|EL 0 (9P O [¥F0-10L0-{L¥0- OV 0| #O'0-|2€'0-{850-18L 0| 620 |22 0-|600-|E2 0| 400 | ECD [SEO-| )
L JAhowwey X oqinr ,
[66'0-]26'0-[ 020 [9t'0-[s6 0 [250-[sE'0-[2v0-[sG0-[2s0-[ssO-[zs0-| 80D |81 0-[640-]9€0-] 60°0 wm.ob@.ﬁ 8rQ| P
E0Q-|EV'D- OF'0 [6¥0-|€0Q-|EF 0| €00 [ LL0-|E00-|EFO-[OE0-|EVO-| 6V 0 [BSQ-{+O0-| DO 850 |¥5'0Q-] 00| %20 |
“m{m.o £C0-|168'0 €20 | €80 |ET0|.86'0|2L'0-| €80 |EC0-|EB0{ET0-|5L0|9 0|2V 0|6v0-|.P60/ZE0|E00|220| S
|LE0-[220-|EP Q- | SL O [VE0-{L20°(9Z 0120~ 1€ 0-|220-|LE0-]220-/8E0-| ¥£ 0| #20]8E0-{99°0-1G1 0/60°0-] G20 4
_ L0QINF X Qowuey,,
|8E0-[ L2000 [ P10 ]ZE0[CO0-[SO0[erD][600-[6V0[vr0]920{ PP 0| 920 1L00[8C0][810[920]/6E018C0G] P
650 |990-1L20°|950-|S20|2B0-) 120)240| ¥ 0Q{99°0-| ¥Z0|02°0-| ¥Z0 0201680 [92°0-| €00 [6¥0-|£0°0-|S00-| |
6P 0 )EC0|920° 1610 21°0|090-|900 (90060 |SLO|FLOIBEC|{PL'OIBED|EB0]LOQ(PLO-|ECO[EEO-(LO90! S
8.0 |£5°0-1820-| 8L’ D |EQQ99°0-| £5°0]0E°0-1 €¢'0 {BE'0-]90°0-{ 900 |90 0-5 BO'0 | G20 |[¢B0-1ZL0-1SLQ[b20-|EP Q| o
| /0¥ X Ylowwiew,
€60 J1E0- [ ¥20[E00°]220-[€80°[GL 016+ 0-] 050 L 0-] b¥ 0 [020-[62 C-[6F°0-[000-]850-[ 220 #L0]200]2e0] Q
920 |900-1 090 | GE'Q16F0-[950- (020 |6F 0| LE°0|LL°0| 920 |00 (PG O-(80'0-(SLOISLO-[PSO{€20|920I2E0 ]
ZL0jL1L0-195D/900|C00|6v0I8Z20[CL0-|950!100(¥E0{600-[610-({E0Q|6YQ|820-({ZL0[SL0O[ES0 60| S
EQ'D-|¥S0-|2E0-|CL 0| FGO(I1BO-[ZE0-(LP0-12L°0-[#R°0-[90°0-|9L 0~ 180 |I¥'0-1 LE°0 LO6 Q-|GEQ-{GEQ-|900-| €720 o
Jowwey X 10y,
upw | 53 Jypw | i3s3 JupwW [ 153 Jupw [ 53 Tuow [ 353 {upw [ 153 Tupw [ 33 Tupw T 353 Tupiw | 353 [upw [ 353
Jajgweng yibuon M spasg SPIVS ON spod oy | whimpod o1eY IMOID L%Em Em_n_. wbue| wag mﬂ:mm_.u
il 5J2102EYD PO wejdplary 'ON ISAES| "ON

§3§S020 Jnioj U} s1a)oeley? pjalk pue jeyuawdojaaap Jog Tag pue Log ‘T4 't Td
‘'g Jo asuewopad aty) pue {p) pass pue {)) Jesr (s)wals { 1) 1001 ‘sanssy ead MoY UI S3I00S ANSUSIUL
{(HQw) oseuaBoipAyap ajo[el ‘(}s3) osSeI0}SD Usam}aq (S1) U202 UONE(aI0D juel s,ueuneads ‘g Jjqel

5257



Swidan, Suzan A.

REFERENCES

Bradford, M.M. {1876). A rapid and sensitive method for quantitation of
microgram quantities of protein utilizing the principle of protein-dye
binding. Anal. Biochem., 72:248-254.

B swn, AH.D. and B.S. Weir (1983): Measuring genetic variability in plant
populaticns. In Tanksley S.D. and T.J. Orton {Ed.): Isozymes in Plant
Genetics and Breeding. Part A, Elsevier Science Publishers B.V.,
Amsterdam.

Brown, A H.D.; E. Nevo; D. Zohary, and O. Dagan {1978} Genetic variation
in natural population of wild barley (Hordeum spontaneum). Gnetics,
<9 97-108.

Crawford, D.J. (1983). Phylogenetic and systematic inferences from
electrophoretic studies. In Tanksley, S.D. and T.J. Orton (Ed.):
Isozymes in Plant Genetics and Breeding. Part A, Elsevier Science
Publishers, B.V., Amsterdam.

Gottlieb, L.D. (1981): Electrophoretic evidence and plant populations. Prog. In
Phylochem. 7:1-46.

Guirgis, A.A.; A.A. Mahmoud and A M. El-Fouly (1996). Molecular diversity,
identity, genetic distance and heterozygosity in cucumber populations.
Zagazig J. Agric. Res., 23(8); 763-772.

Guirgis, AA;; Suzan, A. Swidan; AHM El-Fouly and T.A. Ismail {2070):
Malate dehydrogenase and esterase isozyme loci and alleles
associated with high and low values of some quantitative traits in F;
generations of pea. Zagazig J. Agric. Res., 27(1): 115-133.

Guirgis, A.A.; T.A. Ismail and M.A. Ismail (1933): Isocenzymic diversity index
in relation to heterosis and combining ability for yield and fruit
characters in tomato. 2agazig J. Agric. Res., 20(1A}). 215-228.

Hooda-J.S.; Y.S. Tomer, B.P.S., Malik and R.S, Khatri {2003): Genetic
analysis of seed and important traits in pigeon pea. Environment and
Ecology, 21:(1), 37-40.

International Union of Biochemists {1378). Enzyme Nomenclature. Academic
Press, Mew York, 606 pp.

Jinks, J.L. and R.M. Jor.es (1958): Estimation of the components of heterosis.
Genetics 43:223-234,

Khaler, A.L. and R.W. Allard {1970}). Genetics of isozyme varianis in barley. I.
Esterasses. Crop. Sci., 10:444-448.

MacDonald, T. and J.L. Brewbaker {1975). lsoenzyme polymorphism in
flowering plants. V. The isoesterases of maize: Tissue and substrate
specificities responses to chemical inhibitors. Hawaii Agric. Exp.
Sin.Tech. Bull., 84, 24pp.

Mather, K. (1349): Biometrical Genetics. 1 ed. Methuem, London,

Nei, M. {1971): Identity of genes and genetic distance between populations.
Genetics, 68:547.

Nei, M. (1973): Analysis of gene diversity in subdivided populations. Proc.
Nat. Acad. Sci. U.S.A., 70:3321-3323.

5258



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

Newton, K J. and D. Schwartz (1980). Genelic bases of the major malate
dehydrogenase isozymes in maize. Genetics, 95:426-442,

Oommen, A.; KM.N. Namboodiri and V.K.G. Unnithan (1999): Genetic
analysis of yield and yield components in pigeon pea. J. Tropical Agr.
ar.1-2,12-16.

Pzirce, L.C. and Brewbaker, J.L. {1973): Applications of isozyme analysis in
horticultural science. HortScience, 8(1): 17-22.

Powling, A.; AJKM.R. Islam, and K.W. Shepherd {1981): Isozymes in wheal-
barley hybrid derivative lines. Biochem. Genet., 15:237-254.

Raj Kumar, G. Kalloo, Singh-Major; R. Kumar and M. Singh (2001):
Inhertance of growth traits in garden pea (Pisum saltivum L.).
Vegetable Sci. 28: (2): 113-116.

Raj-Narayan, K.B. Rastogi, B.S. Dogra and R. Narayan (1998): Genetics of
yieid and its components in garden pea. Vegetable Sci. 25: (1), 18-21.

Raj-Narayan, K.B. Rastogi, 5.P. Kanaujia, Sumati-Narayan, R. Narayan and
S. Narayan (1999): Genetics of yield and quality traits in garden pea.
Vegelable Sci. 26(1);, 18-21.

Ravider-Kaur; Mohan-Singh; S.Kaur, P.S. Brar; T.S. Dhillon; R. Kaur and M.
Singh {2003): Genetic control of economically important charactars in
garden pea. Environment and Ecology, 21 (1} 16-19.

Spearman, C. (1904): The proof and measurement of association between
two things. Amer. J. Physiol., 15:72-101.

Tanksley, $.0. and C.M. Rick {1980). Isoenzyme gene linkage map of the
tomato: Applications in genetics and breeding. Theor. Appl. Genet.,
57:161-170.

Tanksley, 3.0. and T.J. Orton {1983): Isozymes in Plant Genetics and
Breeding. Part B. Elsevier, Amesterdam.

Tyagi, M.R and C.P. Srivastava (2001): Deteclion of epistasis and analysis of
gene effects for yield and yield related traits in pea. Indian. J, of Pulses
Res. 14:(1). 20-26.

Vinay-Bhardwaj, Raj. Narayan; S.P. Kanaujia; V. Bhardwaj and R. Narayan
{2002). Genetics of yield and quality traits in garden pea. Applied
Biological Res. {4). 1-2, 84-87.

5259



Swidan, Suzan A.

Sl 3 Clglial (o pgdiall 22adl g Jgecaall g palll Sliial A )plt auiil
Adoalt Sladly ey uﬂ

N gt b G g

saa = 5l — e 30 Cagadt 58 e — Gl G gag 3

G et 42 5l (A YT Y0¥ Ty NT AU el ) o3 Al 028 ui
SO dsea aally galll Dtia efal 4y Zidagiad dly Cpalealy Splad S gay dhad
g o Ay Laad ;Ln_)l'nél_\.;ibll_,qjﬁdl_,‘_j‘ﬂl\_L:.Jljiluﬂ';ahﬂi_uyii.ﬂ'l_)_,;_uﬂ);
g e st Sl g Sl e JS A0 el DS g el aaadhy and) Jadd
NP RIS o R PSSP S0 RS0 W PRSI LR AW
. JRCRENUP PR FICT E WUNCAFGOE: PIFL SR JUURPUA AT [ POR- SN I PPN (PR G 1N
Jua¥!

Sl B el e DS e aildew g 4 el Atol X Mammoth Jg¥1 Jad K
BC1 o daadl o gia 0 b o pels o g Sl el sk Gy e ol S e
Syl 430 ey Sld ek el clinal K 3 Mammoth X Jurbo puatil
o= 2y Jurbo X Mammoth il BC, e 8 Jaall 3 Slas gia i e Sl
et Jph dda baels clial S

= Sty ALY (Bl e liial 2y 5 0 e DAY A piead aﬁl‘ =
kil Aa Y1 A sl € B i e Jelii ey

Cilasils A )V e 2O e plana g A gall g At 4y pinal G 0 )
Mammoth Xz Gl i s a8 lldl g Do galt Gisadh 2 0l o e o) Lk
Taele dag N1 gl 5 fone glo Chicad OS5 D 3L Al 00 ak Atol
B 8 Gl 55y sl Jame i sy ekl S A g i) 2 diia
Sl AT Pld e s o S el i peas ks Las Mammoth X Atol
o JSad

X Bl y i X i’ (e X i’ bV e Al Jelid RESET
A Y Saghl S 4 Slieal plia )y b pKaT buaa g * Sl

kel B b gy 2l 2l Al e OIS 3 gap ileg Y lgalial 5 sedaall saail el
VW e IV a (Mg paaaBad Gy g s Sl ALY lgilla o 5
i e i g o g Sl y g i) B dge Y1 Shelidl D J8) e JSS

SSe Al A et JKEY o AWt Jualt G el eaad) e S
ey Y1 SLA ) e STy ad g Bsad oy Al pF e B e o m )
o e bl g iged uflall gl

DAa e e ) Sy T 5 e gl y Jeanall Sl 0 S I e
SN DA N Y-S0 R TP VS S T VO . I i [P PP GETRLY J e
- sy g

5260



