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ABSTRACT : The stable selected mutants of two pea cultivars
Master B and Lincoln, from M; were studied in M; in a private farm
at Sharkia Governorate durinﬁ winter seasons 2004 and 2005.
Previously, such mutants were detected under the predictable low
dose “ one kr “ of gamma rays, at M, . Selection in M; and M3 was
carried out from some the characters i,e number of branches, pods,
seeds per plant and the dry weight of 100 seeds.

The following results were obtained.

1L.At Mj;, the stable selected mutants exceeded significantly their
respective parents for the studied agronomic characters.

2.Heritability estimates at M; were high for number of branches,

ods and seeds per plant as well as dry 100 seed weight that refer

o insure that selection for high yield is more effective if based on
these characters and the importance of additive genetic action.

3.The intergeneration correlation coefficients (M;/ M3) were positive
and almost approachm§ unity indicating the extent of similarity of
thedselected mutants af M; and their progenies at M; content in
seeds. '

4. Elevation in both individual and total amino acid was observed at
the stable M3 mutants as compared with their parents.

5.The electrophoretic studies showed that the stable selected mutants
at M; were distinguished with highly band number with heaviest
darkness and high intensities genotypes that should be introduced
as compared with their respeclive parent.

6.The sclected mutants at M; generation could be used as new
genotypes for agriculture or in breeding lprograms. One out of the
mutants was dlstinfuished with the values (7.00, 65.73, 346.31,
33.86 g and 3.75 mlg and the other had, the values (8.00, 65,68,
364.65g 27.58 g and 3.33 mlg for number of branches, pods, seeds
per piant dry weight of 100 seed and total amino acids,
respectivef .

Key words: Pisum sativum, mutants, genotype, induction,

amino acids



704

INTRODUCTION

Peas, Pisum sativum L. occupy
a position of considerable
importance among the grain
legumes for their valuable uses.
Vasileva ef al (1984) mentioned
that the varieties differ in their
response to the mutagen in
isolating economic mutations with
higher frequency of genetic
variations.  Useful = mutations
derived from low doses of gamma
rays are of utmost importance if
they will be related to some
agronomiic  characters. Eman
(2000), Kharkwal (2000), Mihov
et al (2001) and Azza (2004)
obtained some mutant genes with
favorable effects through selection
in M; and M; with higher quality.
Mick et al (1990) and FAO/LAEA
(1991) recorded mutations from
1363 cultivars having valuable
and economic characters and
mentioned that more than 90% of
lines are based on mutations
induced by gamma rays.

Induction new genotypes and
cultivars for Egyptian agriculture
is a glorious phase for agriculture
progress. It’s the time, we are
looking forward to seeing all the
cultivars are Egyptian in origin.

The aim of this investigation is
to induce pea stable mutations as
new genotypes having high
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yielding capacity and higher
contents of amino acids.
MATERIALS AND
METHODS

El Ghareeb, exposed the seeds
of Master B and Lincoln under
1,2,3 and 4 Kr gamma rays and
obtained the M; for both two
cultivars during winter season
2003 and was published in 2006,
at Atomic Energy Station, City
Nasr, Cairo. Seeds from the
plants  derived from  the
predictable low dose of gamma
rays "one Kr" were gathered and
isolated for the M; planting. More
than one hundred and fifty
mutations were recorded at M.
Induced  morphological  the
mutants were classified according
to the main alternation brought
about through a mutational event
for screening and isolated of
mutants at M,. Mutants affecting
number of branches, pods, seeds
per plant and the weight of 100
dry seed were obtained at M;. The
stable and selected mutants at M»
generation were studied at My
generation. Seeds of both M, and
M3 generations were sown in hills,
25 cm a part at the private farm in
Sharkia Governorate during two
winter seasons 2004 and 2005.
Common agricultural practices
were done according the guidance
of Agriculture Ministry in Egypt.
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Statistical Analysis of M,

Means and the analysis of
variance was performed according
to the method of Singh and
Shoudhary 1977. Means and
standard errors were estimated.
Heritability (h%) was estimated as
the ratio between genotypic and

phenotypic variance. The
intergeneration correlation
coefficients  between  selected

mutants M>/ My was estimated
Biochemical Studies

Determination of amino

acid content:

The individual amino acids
were determined 1n the seed flour
of the two cultivars seeds "Master
B and Lincoln" and their superior
selected mutations. The used
technique according to the
procedures described by Block
1958 was used. The two solvent
systems of absolute n- butanol:
acetic acid: distilled water in the
ratios 4:1:5 (v/v/v) and 4:L:1(v/v/v)
were applied .

Chromatograms were air dried
and the spots were developed
using 0.2 % ninhydrin in acetone
(Smith 1958). The spots were
ehuted by 50 % methanol solution.
Then, the eluted coloring spots
were  measured  Spectrophot-
ometrically at 570 mu. Using
standard curves of each amino
individual acid. The concentration
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of each amino acid was estimated
as mgs per gram dry seed weight.

Protein electrophoresis

This investigation was carried
out at laboratory of Genetic
Engineering Dept. Genetics, Fac.
of Agric., Ain Shams University.
Sodium dodocyl sulphate-
polyacrylamide gel
electrophoresis (SDS-PAGE) was
performed according *to the
method of Laemmli 1970 after
being modified by Studier 1973.

Sample preparation

M; seed samples from two
superior mutants  belong each
character and the two pea cultivars
"Master B and Lincoln" were
used. Seeds were pressured by a
drill to release their contents.
Samples of 0.5 gram of each
genotype with 5 ml of sample
buffer was homogenized and used
for SDS-PAGE.

Gel preparation

Polyacrylamide standard gel at
PH 8.9, consisted of 150 ml
monomer solution (8.55
Acrylamide, 0.45 Biscarylamide
in 0.150 ‘M Tris-Borate buffer).
Then the following were added
without delay: 300 mgs sodium
sulphate (dissolve completely),
0.40 ml TEMED
(tetramethlendiamine), and 40 ml
ammonium  Prcsulphate  (2%)
freshly prepared, 200u extract of
each sample was mixed with 50 p
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glycerol and 50 p bromophenol
blue.

Gel incubation and agitation
were carried out at room
temperature until the bands appear
in clear background. Then the gel
was washed with distilled water
and photographed.

RESULTS AND
DISCUSSION

Table 1 shows significant and
highly  significant  variations
between M; mutant lines for
number of branches, pods and
seeds per plant as well as the dry
weight of 100 seed. These results
confirm that the mutagen
treatment "one kr" of gamma
rayes permits to select and
improve yield and quality
characters. Rajput (2001b) and
Azza (2004) reported the same
trend of results.

Heritability estimates in broad
sense Table 1 were high for the
studied characters and differed
from (61.12% - 78.66%) as the
character in question. Such high
heritability might indicate the
presence of genetic action for
these characters and proved that
selection of high yielding capacity
is more effective, if based on
these, parameters. These results
might confirm that the genetic
control play an important role in
the inheritance of these characters.
Same trend was obtained by
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Kumari 1996, Geetha and
Vaidyanathan 1998, Nandi ef af,,
1998 and Azaa 2004,

Means and standard errvors for
the stable mutants at M; are
presented in Tables 2. From this
Table, it could be noticed that all
stable Mjz selected mutants
exceeded their respective parents
for the characters, number of
branches, pods, seeds per plant
and even dry weight of 100 seed,
whereas highly significant values
were obtained for all selected
mutants over their respective
parents. Many rescarchers
obtained mutants superior iIn
agronomic characters, i.e. Fayza
and Mahasen 1989 for number of
branches per plant, Nandi ef al.,
1998 for number of pods per
plant, Hodson and Hezky 1994 in
number of seeds per plant,
Mechetre et al., 1998 for weight of
100 seeds per plant, Rajput (2001
a and b) for yield. Furthermore
Azza 2004 for faba bean obtained
mutants  superior for many
characters as, number of branches,
number of pods and seed yield.

In spite of the large mutant
number that obtained in Mo,
twelve mutants only derived
under the optimum dose "one kt"
of gamma rays were only stable
and gave the same features to be
used at M; as useful
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Table 1. Analysis of variance and heritability (h?) estimates for some agronomic
parameters at M; selected mutants of some irradiated pea cultivars

Number of Number of pods/ Number of seeds/ Dry weight of 100
Traetments| branches /plant ant lant seed / plant
df s. d 5. S. df s,
“Master B
Control
Bﬁ{:ﬂ‘;‘“ 25 0.3 25 38614 25 92227 25 i5.16
Within
lines 20 634 20 25213 20 812.34 20 14.72
Between
muatant 21 0.53 6257 21 712.12** 7606 20 1218.63* 78.66 20 37.14** 61.12
lines
Within
mutant 20 042 20 36343 13 1123.65 9 11.82
lines
Lineoln
Control
B‘l’f;'e‘;e" 24 078 - 21 61412 - 21 437141 - 20 6221 -
Within
lines 20 046 - 20 58123 - 20 4i21.62 - 21 57.19 -
Between
n:iutant 20 569%*% 6749 20 789.37F* 697 23 5327.16** 685 21 73.80** 68.75
ines
Within
mutant 21 258 13 39741 20 2105.27 20 3543
Hnes

*, ** = gig, at 0.05 and 8.01, respectively

Table 2, Mean and standard error of stable selected superior mutants at M;

Treatments brancl::s. /plant No. pods/ plant No. seeds / plant D:ge :?g::: n':iéof—

Master B

Control 158+ 0.37 9854 2.1¢ 83.69+ 6.17 15.514+-1.82

1 8.00+ 0.24 58.12 1 5.16 346.73 1+ 12.16 28.14+ 2.15

2 700+ 6.42 5155+ 3.17 343.32+ 11.51 40.18 + 6.28

3{(A) 7.00+ 035 65.73 + 3.44 346.51 -+ 11.65 33.86 1+ 3.69

4 6.00+0.22 63.49+2.89  344.80+ 11.32 39.88 + 5.75

5 6001+ 032 60.24 + 3.56  344.29+ 11.58 37.02+ 6.02
Lincoln

Control 197+ .22 14.94+ .90 128.56 + 4.67 1285+ .37

1 6,00+ 1.10 59.90-+2.10 34551+ 12.17 2559+ 1.66

2 7.00 + 1.19 63.531+2.68 36791+ 14.25 32.64+2.10

®) 8.001+1.32 65.68 +2.41 - 364.65+13.71 2758+ 1.87

4 6.00 + 1.10 61.31+2.18  359.15+ 14.37 31.95+2.12

5 6.00+ 1.12 65341+ 248  362.68 1 13.52 33.68+ 2.15

6 7.00+ 1.18 62.211+-2.46  358.194 14.46 3296+ 2.08

7 7.00 1+ 1.19 58.65+291  366.22+4 14.78 34.13+2.27

3A and 3B= desirable mutants
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mutations. Only two out of the
twelve mutants were chosen as
promising line mutants for high
yield. Table 2 shows mean stable
selected and superior mutants
concerning number of branches
number of pods, number of seeds
per plant and dry weight of 100
seceds at M; selected for Master B
and Lincoln and indicated that the
mutants 3A and 3B were superior
having highest and surprised
values for most the studied
characters. It is well known that
yield and some of it's components
are quantitative characters and
large affected by polygenes in
addition the environmental
conditions. Abd El-Raheem et al.,
1988 mentioned that the fitness of
yield characters was affected by
mutational events showing a
response to environment in peanut.
The same trend has been found by
Rajput 2001a and Azza 2004.

Intergeneration M,/
Correlation Coefficient
The extent of similarity in the
expression of various yield
characters, and number of
branches per plant was measured
by the intergeneration M/M;
correlation coefficient Table 3. In
addition of highly significant
positive mtergeneration
correlations coefficients, the (r)
values were specially high in
magnitude and almost approaching
unity. This means that the selected

M;
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mutants of M; and -their M;
progenies gave the same features
for number of branches per plant
and some yield attributes, Rajput
(2001a and b) and Azza 2004
mentioned that the same features
of the stable selected mutants at
M; were previously observed at
Mo,

Biochemical Studies
Amino acids

Table 4 indicated increases in
amino acids contents as compared
with the parents. Higher levels of
amino acids were determined for
Aspartic acid that recorded the
highest levels, followed by
Arginine,  Serine,  Glutamin,
Glycine, Alanine and Leucine.
While the lower levels of amino
acids were, the sulpher amino acid
"Methionine" as well as Aspargine
and Glutaming. These results
agree with that were reported by
Staikov et al, 1985 who
mentioned that low irradiation by
gamma rays doses increased total
amino acids as the increase of
specific change in catalase and
peroxidase activities and Hassan
1997 who reported that the amino
acid contents varied according to
species. These resuits elucidate
that two selected mutation were
superior in amino acid contents.

Electrophoretic studies

b-Electrophoresis banding
patterns (SDS-PAGE) of extracted
protein from dry seeds of two pea
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Table 3. Intergeneration correlation coefficient(r) between M;/M; of Master B and
Lincoln cultivars for the studied characters

Characters No. No. pods/ No. seeds / :;;’;;:edl?l:l:;
branches/plant  plant plant @

Master B

Number of branches / plant .98+

Number of pods /plant 0.99**

Number of seeds / plant 0.97%*

Dry weight of 100 seed (g.) 0.93%*
Lincoln

Number of branches / plant 0.97%*

Number of pods /plant 0.99**

Number of seeds / plant 0.97%*

Dry welght of 100 seed / plant g 0.87%*

ﬂ__

¥ = sig. at 0,05 and 0.01, respectively
Tahle 4. Amino acids compesition and their standard error (X + SE) at two
selected superior M; (mg) derived from irradiated pea cultivars

Master B Lincoln
Amino acids Control Mutant (A) Control Mutant (B)
(X + SE) (X +SE) (X + SE) (X +SE)

Arginine 0.150 + 0.001 0.320 4 0.015 0.140 4 0.002 0.2206 + 0.003
Aspargine 0.050 + 0.022 0.030 + 0.001 0.005 + 6.001 0.091 + 0.001
Glutamine 0.008+0.001  0.010+0.001 0005+ 0,001  6.091 + 0.001
Serine 0.140 + 0.001 0.003 + 0.016 0.160 + 0.002 0.270 + 0.004
Aspartic acid 0.280+ 0.012 0.550 + 0.022 0.270 1- 0.004 0.450+ 0,007
Glutamie acid 0.330+0¢.021  0.390 + 0.0108 0.410 + 0.005 0.520 + 0.014
Therionine 0.190+0.003 0230+ 0.011 0170+ 0.003  0.210+ 0.011
Glycine 0.220 + 0.011 0.370+ 0.017 0.240+ 0.004 0.310+ 0.612
Alanine 0.210 + 0.010 0.350 4- 0,015 0.140 + 0.002 0.160 1 0.009
Mcthionine 0.010 + 0.001 0.030 1 0.001 0.080 + 0.001 0.030 + 0.001
Valine 0.210 + 0.010 0.250 + 0.011 0.190 + 0.009 0.220 + 0.010
Phenyialanine 0.170 + .002 6.180 + 0.009 0,140+ 0.007 0.150 + 0.001
Isoleucine 0.140 + 0.001 0.170 + ¢.008 0.110 + 0.006 0.120 1 0.001
Leucine 0.240+ 0.011 0.50+ 0.15 0.220+ 0012 0.200 + 0.004
Histidine 0.690 + 0.001 6.110 + 0.001 0.080 + 0.001 0.090 + 0.001
Lysine 0150+ 0.001 0210+ 0011  0.130+90.001  0.150+ 0.001
Tyrocine 0.110 + 0.001 0.170+ 0.001 0.120 + 0.001 0.140 + 0.001

27798+ 0.175 3.750 + 0.228 3.010 + 0.152 3.3304+0.226

Total
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cultivars, Master B and Lincoln
and their selected mutations at Mj
are presented in Fig. 1. Four major
regions are detected for both two
cultivars, Master B and Lincoln.
R; region contains three major
bands, are dark and one is faint. R,
region consists of one major band .
Such major band is distinguished
with the increase of its density in
Master B more than Lincoln
cultivar. Three major bands were
observed in the third region R;. As
for R4 region which indicated three
bands, the two cultivars also were
differed. From the previous
conclusion, it could be noticed
that, - large differences were
observed for the major protein
banding patierns of the two
cultivars, Master B and Lincoln.
Such differences in size and
density make one assumes that the
variation in banding patterns are
genotypically and evolutionary
different. This was substantiated
by the facts that some of the sub
fraction of a particular protein
either slightly disappeared or were
reduced in size and mobility. Such
quantitative variations in the two
cultivars banding patterns could be
found if one assumes that the
genes rtesponsible  for  these
metabolic phenomena are different
in their action. A reasonable
explanation that could be forward,
is that these cultivars are of
different origins and they have
gone through completely different
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paths during evolutionary
processes. Same results were
obtained. Matsumoto et al., 1997,
Amer et al 1999, Ismail and
El.Ghareeb 2000 and El.Ghareeb
et al 200.

In spite of having the four
regions of banding patterns that
were found in their respective
cultivars, they contained heavy
darkly stained banding patterns.
Thus it could be concluded that the
selected M3 generation containing
the selected characters i, ¢ number
of branches, number of seeds, pods
per plant and weight of 100 seeds,
had highest dark bands and
intensity,

Comparing selected M; with

their rtespective cultivars it was

found that M; had higher band
number as compared with the
parents. Fig. 1 showed that, the
appearance of highly band number
and intensities is nearly equal with
slight differences among the
selected parameters, i,e. number of
branches, pods and seeds per plant
as well as dry weight of 100 seed.
The previous results confirm the

importance of SDS-PAGE
technique in foundation the
characterized pattern for
discriminating high and low

yielding plants under gamma rays.
These results agreed with EL
Demerdash 1993 who found that
the results of SDS-PAGE could be
used to follow the technique in
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protein patterns after gamma
irradiation. Abd El.Tawab et al,
1993 confirmed that SDS-PAGE
was a highly successful technique
in cultivar identification. These
results confirm the results obtained
from intergeneration correlation
coefficients between the selected
M; mutations and their M; stable
Mutations, indicating the extent of
similarity at Ms. It is worth noting
that the similarity of banding

1 2 3 4 Master B
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patterns number and intensity for
the selected mutations elucidated
that these M; selected mutations
are of similar origins and have
gone through completely similar
paths during evolutionary
processes. Thus selection would be
efficient if based on the previous
parameters.  Generally, these
results were in agreement with
those obtained by Cooke 1990 and
Hassan 2004,

1 2 3 4 Lincoln

Fig (1)
2- High number of branches. / plant
4- High number of pods . / plant.

1-High weight of 100-seeds,
3- High number of seeds. / plant.

Fig 1. SDS -PAGE Profiles of seed protein banding patterns according to their
density and intensity for selected M; as useful irradiated mutations in pea
cultivars, as compared with their respective parents
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