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ABSTRACT

Local peanut cultivars; Giza 4 and Giza 5 were exEosed to
different doses (50, 100, 150, 200, 250 and 300 Gy) of Co® gamma
rays source. All irradiated materials were cultivated to give the M; and
M, generations. Then, high yielding mutants were selected from the
M; generation and cultivated separately to give the M3 generation.
Some yielding component traits were measured for the three
generations (M;, M, and M3) and M; families. The M; selected
mutants (highest yielding mutants and lowest yielding mutants) were
artificially infected by Aspergillus flavus L spores (Aflatoxins - Bl
and B2 groups - producer strain). Aflatoxin concentrations were
estimated and the analysis showed that the aflatoxin concentrations in
seeds of the M3 selected mutants from Giza 4 cultivar were higher
than those in seeds of the M; mutants selected from Giza 5 cultivar.
However, the concentration of aflatoxin was increased when the yield
(weight of seeds per plant trait) increased. RAPD-PCR analysis using
primers Al9, A20, BO1, B08, C13 and C18 were successfully
differentiated these mutants from their controls and showed high
polymorphism among the M3 families.

Key-words: peanut, Arachis Hypogaea L., RAPD-PCR, yield
component traits, mutants, gamma rays, irradiation,
fungs, Aspergillus flavus L., aflatoxins.
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INTRODUCTION

Peanut (Arachis hypogaea L.) is one of most oil crops all over
the world which cultivated on a large scale. The seeds contain more
than 40% oil and about 25-30% protein. The world’s largest producers
of peanut are India (nearly 35% of world production), China and USA
(Weiss, 2000).

In Egypt, Peanut is grown mainly for direct consumption and
export but the local cultivars low production comparing with the
foreign cultivars and sensitive to infection by fungus such as
Aspergillus flavus L. which produce aflatoxins in seeds, these
aflatoxins are very harmful for human and animal. So the ultimate aim
of peanut breeding programs is to develop cultivars with high yielding
potential and lower sensitivity to infection by fungus.

Aflatoxin contamination in peanut is due to Aspergillus flavus L.
infection. Aflatoxins are an acutely toxic, carcinogenic and immuno
suppressive class of mycotoxins. Aflatoxin B1 is the most potent and
carcinogenic naturally substance, it causes liver damage to most
domestic and experimental animals and humans (Diener et al., 1987).
Aspergillus flavus invade the lowers, travel down the pegs and
become established in the developing seeds (Styer et al., 1983).

Difficulties of traditional breeding programs in peanut led to use
mutation induction as alternative technique. More than 265 grain
legume cultivars developed using induced mutations in 32 countries,
44 peanut cultivars were developed (Bhatia et al., 2001).

Improvement of peanut through induced gamma irradiation
mutants has been investigated (Kale et al., 1997 and Qiu et al., 1997).
Many researcher successes to obtain useful mutations, Venkatachalam
et al. (1999) induced seven types of chlorophyll mutants (albino,
xantha, chlorina, viridis, alboviridis, xanthoviridis and maculate)
using gamma rays, ethyl methanesulfonate and sodium azide. Branch
(2002) induced larg-seeded 'Georgia Browne' mutant breeding lines
using gamma irradiation. Gowda et al. (2002) induced late leaf spot
resistant mutant form Spanish genotype using ethyl methanesulfonate.

Molecular markers, in general have proven to be very useful for
crop improvements and studies of crop evolution in many species
(Mohan et al., 1997). In peanut, including randomly amplified
polymorphic DNA (RAPD) have been used of introgression from wild
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crosses (Garcia el al., 1995) and for measuring genetic variations in
wild species (Stalker et al., 1994).

The main objectives of the present study are selecting new
mutants that have high yielding production and studying them for
infection by Aspergillus flavus L. and aflatoxins content. Then, use
molecular technique to study the polymorphism among these mutants.

MATERIALS AND METHODS

M, generation

Dry seeds of two Egyptian peanut cultivars (Giza 4 and Giza 5)
obtained from Oil Crop Research Department, Field Crop Research
Institute (ECRD), Agriculture Research Center (ARC) were irradiated
with gamma ray doses (50, 100, 150, 200, 250 and 300 Gy) obtained
from Co® source at NRC, EAEA Inshas, Egypt. Treated seeds with
untreated seeds (control) were sown (500 seeds for each) immediately
after irradiation in a complete randomized block design with three
replicates to give the M, generation. Random samples of 30 individual
plants (10 plants for each replicate) were used to measure the
following traits: plant height (cm), number of branches/plant, number
of pods/plant, weight of pods/plant (g), number of seeds/plant, weight
of seeds/plant (g), shelling (%), weight of 100-seeds (g), protein
content percentage (%) and oil content percentage (%).

M, generation

Ten random plants were taken from the M; generation from each
plot (replicate). The seeds of these 30 plants for each treatment were
bulked and sown in a complete randomized block design with three
replicates to give the M, generation. These random samples of 30
individual plants (10 plants for each replicate) were used to measure
the same previous traits in the M; generation.

M; generation

Ten random plants were taken from the M, generation from each
plot (replicate). Then seeds of these 30 plants for each treatment were
bulked and sown in a complete randomized block design with three
replicates to give the M3 generation. These random samples of 30
individual plants (ten plants for each replicate) were used to measure
the same mentioned traits.
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M3 selected mutants

Three segregates of each cultivar were selected from the M,
generation plants based on the highest yielding component traits (1, 2
and 3 for Giza4 cultivar and 4, 5 and 6 for Giza5) to give the M;j
highest selected mutant plants. In addition, three segregates of each
cultivar were selected based on the lowest yielding component traits
(1, 2"and 3 for Giza4 cultivar and 4, 5 and 6 for Giza5) to give the M3
lowest selected mutant plants. Random samples of 30 individual
plants for each high and low mutant (ten plants for each replicate)
were used to measure the same mentioned traits.

The data of M;, M, and M3 generations and M3 selected mutant
plants were statistically analyzed according to Gomes and Gomez
(1984). Duncan’s test was used to verify the validity of the differences
between means. Estimation of seed protein and oil content for M1, M2
and M3 generations was performed by Instalab 600 Near InfraRed
Product Analyzer.

Artificial infection and estimating of aflatoxin concentration

The seeds of selected mutant plants of the two cultivars were
exposed to Aspergillus flavus L. suspension (6 spore/ml), then
incubated in Potato Dextrose Agar media (PDA) in 26° C for two
weeks. Aflatoxins (B1 and B2 groups) producer strain of Aspergillus
falvus Link, anamorph was obtained from Egyptian Microbial
Collection, MIRCN, Cairo, Egypt. B1 aflatoxin concentration was
estimated by Aflatoxin AOAC fluorometer procedure (Truckess et al.,
1991)

DNA extraction and RAPD-PCR analysis

Ten seeds from each highest and lowest M3 mutated plants
obtained from Giza 4, Giza 5 cultivars and the seeds of their controls
were germinated for two weeks. Total genomic DNA was extracted
according to the method of Bushra et al. (1999). PCR reactions were
conducted using six arbitrary ten mer primers with the following
sequences: A19: SCAAACGTCGG3, A20: SGTTGCGATCC3, BO1:
5 GTTTCGCTCC3, B08: 5 GTCCACACGG 3 , Cl13: 5§
AAGCCTCGTC3 and C18 5 TGAGTGGGTG 3 . PCR technique
was performed in 30pl volumes tubes according to Williams et al.
(1990) which containing the following: 3.0n1 DNTPs (2.5 mM), 3.0ul
MgCI2 (25 mM), 3.0ul Buffer (10 x), 2.0pl Primer (10 pmol ), 0.2ul
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Taq DNA polymerase, 2.0ul template DNA (25 ng) and 16.8 ul H20
(d.w). The amplification was carried out in a DNA thermocycler
(MWG-BIOTECH Primuse) programmed as follows:

(94°C/4min)1 cycle, (94°C/30sec, 35°C/1min, 72°C/2min)40
cycles, (70°C/5min)1 cycle

Agarose gel (1.5%) electrophoresis was used for separating the
PCR products of DNA fragments. Gels were photographed using a
digital camera and scanned with Bio-Rad video densitometer Model
620, at a wave length of 577. Software data analyses for Bio-Rad
Model 620 USA densitometer and computer programs were used.

RESULTS AND DISCUSSION

Depending on the highest weight of seeds per plant trait, three
mutants were selected from each peanut cultivar (Giza 4 and Giza 5)
from the M, generation plants. These mutants were grown to give the
M3 generation lines, mutant 1, mutant 2 and mutant 3 from Giza 4 and
mutant 4, mutant 5 and mutant 6 from Giza 5. Analysis of variance for
means of yielding components traits was used to test the significant
changes among each three mutants and their controls. L.S.D test was
used to verify the test of significance for trait means.

Means of yielding components traits for the selected M3 mutants
from Giza 4 cultivar are presented in Table (1). No significant changes
were observed for means of plant height and number of branches traits
but significant changes were obtained for means of number of pods /
plant, weight of pods / plant, number of seeds / plant, weight of seed /
plant, shelling percentage, 100-seeds weight, oil content % and protein
content % traits.

For mutant 1, significant increase for means was observed
between mutant 1 and its control for number of pods / plant, weight of
pods / plant, weight of seeds / plant and 100-seeds weight traits with
less oil content %.

For mutant 2, significant increase for means was observed
between mutant 2 and its control for number of pods / plant, weight of
pods / plant, number of seeds / plant, weight of seeds / plant, 100-
seeds weight and protein content % traits with less oil content %.

For mutant 3, significant increase for means was observed
between mutant 3 and its control for number of pods / plant, weight of
pods / plant, number of seeds / plant, weight of seeds / plant, shelling
percentage, 100-seeds weight traits with less oil content %.
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These results were in partial agreement with the results of Sorour
(1989) who found no significant variations in means for radiation
doses on peanut Giza4 cutivar for plant height, number of
branches/plant, number of pods/plant, weight of pods/plant, weight of
seeds/plant and weight of 100-seeds in M2 and M3 generations, while
he found significant variations in means for radiation doses on the
same cultivar for the same traits in M1 generation.

Means of yielding components traits of M3 mutants selected
from Giza5 cultivar are presented in Table (2). No significant changes
were observed for means of number of branches / plant, number of
seeds / plant, shelling percentage, protein content % and oil content %
traits but significant changes were observed for means of plant height,
number of pods / plant, weight of pods / plant, weight of seeds / plant
and weight of 100-seed traits.

For mutant 4, significant increase for means was observed
between mutant 4 and its control for plant height, number of pods /
plant, weight of pods / plant, weight of seeds / plant and 100-seeds
weight traits.

For mutant 5, significant increase for means was observed
between mutant 5 and its control for plant height and 100-seeds
weight traits.

For mutant 6, significant increase for means was observed
between mutant 6 and its control for plant height, weight of pods /
plant, weight of seeds / plant, and 100-seeds weight traits.

Under the effect of gamma rays, Giza 5 had the highest values
for plant height. There were similar results as obtained by El-shazly et
al. (2005). Mean values of oil and protein % of irradiated Giza 4
cultivar surpassed those of Giza 5 cultivars. Similar results were
obtained by Kassem and Esawy (2003).

Evaluation of selected mutants for resistance to Aspergillus flavus L.

Aflatoxin concentrations in seeds of M3 selected mutants (based
on highest weight of seeds) from Giza 4 cultivar (1, 2 and 3) were
higher than the concentrations in seeds of M3 selected mutants from
Giza 5 cultivar (4, 5 and 6). While the Aflatoxin concentrations in
seeds of Mj selected mutants (based on lowest weight of seeds) from
Giza4 cultivar (1°, 2' and 3') and Giza5 (4', 5° and 6°) were
approximately similar. However, in the two cultivars, the
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concentrations of aflatoxin increased when the yield was increased as
shown in Table (3).

Table (3): Aflatoxin concentrations for the highest yielding (1, 2,
3,4, 5 and 6) and lowest yielding (1', 2', 3', 4', §' and 6') plants in
M; generation of Giza 4 and Giza S selected mutants.

Giza 4 aflaﬁg;am Giza 5 aﬂ%%r;l m

Control 42,76 Control 18
1 151.11 4 18.75
2 80.19 5 33.23
3 170.21 6 27.24
1 31.11 4 41.58
2' 52.71 5' 26.99
3 188.46 &' 39.06

Aflatoxin concentrations in seeds for the M3 selected mutants
from Giza 5 cultivar were 18.00 pg/g for control, 39.5 pg/g for mutant
4,22.00 pg/g for mutant 5 and 36.00 pg/g for mutant 6. It is clear that
there were changes of the mutants which were more sensitive to
Aspergillus flavus infection than their controls. Results were obtained
by Azer et al (2002) who induced some breeding lines from peanut
(Giza 5 cultivar) using gamma rays shwoed more resistant to
Aspergillus flavus infection than their controls.

DNA variations induced by gamma rays for peanut cultivars

DNA variations which caused by gamma rays for the peanut
cultivars based on RAPD polymorphism for the two cultivars are
shown in Table (4).

In Giza 4, the number of total bands decreased in most plants
compared with the control, especially in the highest yielding plants in
mutants 1 and 3. The lowest yielding plant in mutant 2~ had the
highest number of new bands over the control, while the highest
yielding plant in mutant 3 showed the highest number of absent bands
with regard to the control.

In Giza 5, the number of total bands decreased in most plants
compared with the control, especially in the lowest yielding plants in
mutant 5 and 6. The highest yielding plants in mutant 5 and 6 showed
the highest number of new bands over the control, while lowest
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yielding plant in mutant 5 exhibited the highest number of absent
bands with regard to the control.

Percentages of new bands over the control in the two cultivars
nearly equal to each other (14.28 % in Giza 4 and 14.81 % in Giza 5)
while, the percentages of absent bands with regard to the control were
closer to each other in the two cultivars (44.72 % in Giza 4 and 36.80
% in Giza 5).

Table (4): DNA fragment variations based on RAPD
polymorphism using six primers which caused by gamma rays for
the two peanut cultivars (Giza 4 and Giza 5).

No. of absent
bands with regard
to the control

No. of new bands

Cultivars Mutants No. of total bands over the control

C 30 - -
1 16 3 17
2 20 2 12
3 17 5 18
Giza 4 ' 22 3 11
2! 31 7 6
3 25 3 8
Total 161 23 72
Polymorphism % - 14.28 % 44.72 %
C 28 - -
4 24 4 8
5 25 6 9
6 23 6 11
Giza 5 4 22 2 8
5' 20 4 12
6' 20 2 10
Total 162 24 58
Polymorphism % - 14.81 % 35.80 %

RAPD-PCR for Giza 4 selected mutants

The results of RAPD analysis using A19, A20, B01, B08, C13
and C18 primers with Giza 4 are illustrated in Figure (1). All primers
gave polymorphisms between the highest and lowest plants (based on
weight of seeds / plant) for M; selected mutants and varied from their
control as shown in Table (5). Primer A19 produced a positive unique
DNA fragment for mutant 1, 1° (highest and lowest) with a fragment
size of 100 bp and another one for the lowest plant in mutant 2* with a
fragment size of 250 bp. Primer BO1 produced two positive unique
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DNA fragments for the lowest plant in mutant 2" with fragments sizes
of 300 and 500 bp. Dendrogram tree for Giza 4 and its mutants are
shown in Figure (3). The lowest plants for the three mutants were
distant from their control.

Table (5): Polymorphism gederatcd by primers A19, A20, BOX, BOS, C13 and C18
for peapunt cultivar Giza 4 (control) compared with the highest -Jelding (1,2 and 3)
and lowest yleldmg a,x and ) mutants,
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RAPD-PCR for Giza 5 selected mutants

The results of RAPD analysis using A19, A20, B08, 8C13 and
C18 primers with Giza 5 are illustrated in Figure (2). All primers gave
polymorphisms between the highest and lowest plants (based on
weight of seed / plant) for M3 selected mutants and varied from their
control as shown in Table (6). Primer A19 produced a negative unique
DNA fragment for the highest plant in mutant 6 with fragment size of
450 bp. Primer A20 produced a negative unique DNA fragment for
the lowest plant in mutant 5 with a fragment size of 500 bp and
another one for the lowest plant in mutant 6 with a fragment size
700bp. Primer BO8 produced three negative unique DNA fragments;
one for the highest plant in mutant 4 with a fragment size of 70 bp,
one for the highest plant in mutant 6 with a fragment size of 650 bp
and the last one for the lowest plant in mutant 5° with a fragment size
of 350 bp. Primer C13 produced a negative DNA fragment for the
lowest plant in mutant 6" with a fragment size of 1300bp.

Dendrogram tree for Giza 5 and its mutants are shown in Figure
(4). Mutant 4, 4° (lowest and highest) and its control were related to
each other, while the highest plants in mutant 5 and 6 were distant
from the lowest plants in mutant 5" and 6°.

RAPD-PCR is a useful technique in band characterization for
detection gamma ray effect on DNA level in peanut and the
assessment of genetic diversity among groundnut germplasms.
Dwivedi et al. (2001) found about 18.74 % of polymorphism among
selected peanut accessions using RAPD-PCR technique. Massawe et
al. (2003) found high level of polymorphism among bambara peanut
landraces using RAPD-PCR analysis.

Gamma irradiation was successful in creating vanablhty within
peanut plants for inducing and developing variable and desirable
advanced mutant breeding lines within peanut cultivars.
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‘Table (6): Polymorphism generated by Primers A9, A20, BO1, B0, C13 and C1§
for peanuni cultivar Giza § (control) compared with the highest yielding (4,5 and 6)
and lowest vielding (4', 5" and 6') mutants.
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