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ABSTRACT

Induced mutagenesis using gamma ray has been proven applicable to improve varieties of many genotypes of
crop species. The present investigation was carried out to study genetic variability induced by gamma rays in
Balady mandarin. Bud woods were irradiated with doses of 0, 2, 4, 6 and 8 kr along with control and budded onto
volkamer lemon rootstock. Bud survival percentage decreased with increasing dose of gamma radiation. Doses
of 6 and 8 Kr were lethal where the LDsy was achieved at 2.1 Kr. Shoot length, leaf number per plant, leaf area
per plant and stomata width decreased significantly by increasing the gamma dose from 0 to 4 Kr. Whereas,
stomata number per unit area increased significantly compared to control. Molecular analysis of some induced
mutants using ISSR and RAPD markers revealed that, the polymorphism percentage ranged from 50% to 80%
when the ISSR primers were used and from73.33% to 100% for RAPD primers. The 4 Kr treatment caused the
highest polymorphism percentage (69.05% and 85.32%), whereas the 2 Kr treatment had 62.5% and 74.23% for
the ISSR and RAPD primers respectively. Gamma irradiation treatments included alteration in protein bands
intensity, appearance of new bands and disappearance of other bands. The most visible changes in protein patterns
were the appearance of new bands with molecular sizes of 264, 196 and 139 KD, in some selections of 4 Kr
treatment, and bands of 87, 86, 82, 51, 45, 30 and 9 KD, in selections of 2 and 4 Kr treatments. The 4 Kr treatment
achieved more genetic variation than the 2 Kr treatment.
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Introduction

Citrus is one of the most important fruit crops
worldwide and plays a major role in the economic
development of some areas. Mandarins are the second
most important group of citrus plants in the world,
with climatic adaptation among the cultivated citrus.
Genetic improvements in citrus by conventional plant
breeding methods have been limited because of their
complex reproductive biology; such as high
heterozygosity, apomixis, polyembryony, cross- and
self- incompatibility, quantitative and qualitative traits
in nature while long juvenility are expensive, time-
consuming and limited rate of improvement (Gulsen
et al. 2010; Xiao et al. 2009). The improvement of
citrus has been largely made through selection of
naturally occurring somatic mutants or chance
seedlings (Cameron and Frost, 1968; Xiao et al. 2009).
Induced mutagenesis of crops has been successfully
utilized to increase frequencies of somatic variants
and several important commercial citrus varieties
have arisen as bud mutation. Mutagenesis offers the
possibility of changing only one or a few traits of first-
rate cultivars, which can further enhance quality and
quantity of crops (Xu et al. 2012), while preserving
the overall traits. Maluszynski et al. (1995) stated that
induced mutations (in vivo and in vitro) have been
employed primarily to improve particular traits in
well-adapted local varieties or to generate variations
difficult to find in germplasm collections. Mutation
induction techniques using gamma ray is a good tool
for increasing variability and has been proven
applicable to improve characteristics of many citrus
genotypes such as seedlessness (Chen et al. 1991;
Froneman et al. 1996; Hearn 1986; Micke et al. 1985;

Spiegel-Roy et al. 1990, 1985; Sutarto et al. 2009),
spinelessness (Kukimura et al. 1976) and for inducing
changes in fruit and juice colour (Sutarto et al. 2009;
Wu et al. 1986).

Mutation induction has a high potential of bringing
genetic changes and crops improvement and it has
contributed considerably to plant breeding. Gamma
irradiation is the most common physical mutagen used
in inducing mutation in fruit breeding (Perdieri, 2001).
Many investigators used gamma irradiation in
improving citrus species (Spiegl and Padova, 1973;
Hearn, 1984; Espino, 1986; Cheng et al. 1997; Gulsen
et al. 2007 and Majd et al. 2009). Rapid development
in molecular biotechnology has also partially solved
some of the limitations associated with conventional
citrus breeding (Xiao et al. 2009). Early genetic
detection of variants for crop improvement confirms
the success of breeding programmes such as that
reported for Ochreinauclea missionis (Chandrika and
Rai 2009), Greek fir (Krajnakova et al. 2011) and
Cymbopogon pendulus (Bhattacharya et al. 2010). In
Citrus, a wide variety of DNA based markers has been
used in order to study their genetic variation as well as
phylogenetic and taxonomic relationship among
different genera, and some of the important examples
are: RAPD ( Federici et al. 1998; Nicolosi et al. 2000)
and ISSR (Gulsen and Rosse 2001a ; Fang et al. 1998).
ISSR markers have successfully been used in Citrus to
identify closely related varieties, to determine genetic
diversity, assess phylogenetic relationships among the
Citrus and related genera (Gulsen and Roose 2001b;
Marak and Laskar 2010; Shahsavar et al. 2007; Uzun
et al 2009a). ISSR has been previously used to
fingerprint trifoliate orange germplasm accessions and
other closely related Citrus cultivars (Fang and Roose,
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1997). Furthermore, RAPD markers (William et al.
1990) provide a fast and easy approach for taxonomic
classification and cultivar-typing of fruit trees. This
type of DNA markers has the advantage of being
readily employed, requiring very small amounts of
genomic DNA, and eliminating the need for blotting
and radio-active detection (Cipriani et al., 1996). In
citrus, RAPD markers have been used for genetic
diversity analysis (Shaaban et al., 2006; Shahsavar et
al., 2007; Hvarleva et al., 2008), chimeras (Sugawara
etal., 2002) and phylogenetic analysis (Nicolosi et al.,
2000). One of the biochemical methods extensively
used in taxonomic and assessment of genetic diversity
studies is the electrophoretic analysis of the proteins
using Sodium Dodecylsulphate Polyacrylamide Gel
Electrophoresis (SDS-PAGE). These proteins are
physiologically stable and easy to handle (Ladizinsky
and Hymowitz, 1979).

This study aimed to increase the genetic variability by
using gamma rays as a physical mutagen, identifying
the appropriate dose that gives the highest genetic
variations with suitable survival rate and early
detection of the induced genetic variations via
biochemical and molecular markers.

Materials and Methods

Plant materials and gamma ray treatments

Fresh, non-dormant bud woods of Balady
mandarin (Citrus reticulata Blanco) were exposed to
gamma rays at doses of 0, 2, 4, 6 and 8 Kr and were
budded onto volkamer lemon rootstock. Plants
originated from irradiated bud woods along with
plants from untreated bud woods were grown in the
green house for further observation. Bud survival
percentage and growth parameters such as shoot
length, leaf number/plant, area/leaf and total leaf
area/plant. Leaf area were recorded 4 months after
budding was measured using portable area meter
model LI-3000A (LI-COR). Stomata number, length
and width were carried out as follows; the lower
epidermis of the leaves was covered with a thin layer
of clear nail polish and left to dry for few minutes to
conform to the shape of the surface of the leaf, then it
was peeled off, placed on a microscope slide and a
drop of safranine was added then, a cover slip was
placed over the peel. The slides were examined under
a light microscope (Leica DM 1000) equipped with a
digital camera. Photos were taken under magnifying
power of 400 X and the photos were further processed
for obtaining stomata number, length and diameter
using Leica Image Manger software.

DNA isolation, ISSR and RAPD markers

Total DNA was extracted from young leaves using
the cetyl trimethylammonium bromide (CTAB)
method (Doyle and Doyle 1990). Approximately 100-
150 mg of leafs were ground using 600 uL of
preheated (65°C) extraction buffer (2% CTAB, 20 mM
EDTA, 100 mM Tris-HCI, 1.4 M NaCl, 2%

polyvinylpyrrolidone (PVP), 0.2% mercaptoethanol)
then transferred to a centrifuge tube (2 mL) and
incubated for 30 min in a 65°C water bath, the samples
were inverted every 5 min. 600 pL of chloroform-
isoamyl alcohol (24:1) was added and mixed by
inverting the tubes carefully for 10 times and the cells
were centrifuged at 12000 rpm for 10 min at room
temperature. The supernatant was collected and
carefully mixed with two third volume of ice cold
Isopropanol and the DNA samples were collected by
centrifuging for 10 min. RNaseA (10 pg/ml) was
added to the 50 pl of TE buffer (L0 mM Tris and 0.1
mM EDTA) prior to dissolving the DNA to remove
any RNA in the preparation and the mixure was
incubated at 37 C for 30 min. 100 ul and 750 ul
volumes of 3 M sodium acetate and ice-cold absolute
ethanol were added respectively. The DNA was
collected by high-speed centrifugation for 10 min, and
then carefully washed with ice-cold absolute and 70%
ethanol and centrifuged at 120000rpm for 10 min.
Finally, the samples were dried at room temperature
and dissolved in 50-100 pl of TE buffer The quality
and concentration of DNA were determined by
EMPLEN photometer P330. For DNA amplification,
seven ISSR primers (Table 1) and 9 decamer RAPD
(Table 2) primers (Operon, Germany) were used. PCR
was performed as follows: 94°C for 5 min; followed
by 35 cycles of 94°C for 1 min, specific annealing
temperature (Ta) according the primer sequence for
30 sec and 72°C for 3 min and the final extension step
at 72°C for 10 min. Amplification was carried out in
MJ Mini BioRAD, thermal cycler in 25 pl reaction
volume containing the following reagents: 1.0 ul of
dNTPs (10 mM), 1.0 pl of MgCl, (25 mM), 5 ul of
10x buffer, 1.0 ul of primer (10 pmol), 1.0 ul of DNA
(25 ng/ul), 0.3 ul of taq polymerase (5u/pl) and 15.7
d.d. H.O. The ISSR and RAPD products were
electrophoresed in 1.5 % agarose gel in TAE buffer
(40 mM Tris-acetate, 20 mM glacial acetic acid, 1 mM
EDTA, pH 7) at 75 V. The gel was stained with
ethidium bromide and then distained with tap water
and bands were detected on UV-trans-illuminator,
photographed by Gel documentation system
UVITEC, UK). and according to analysis by Phoretix
program 1D gel analysis software version 4.01

Table 1. List of ISSR primers screened.

No. Primer name Sequence 5" — 3°
1 UBC 848 (CA)RG
2 HB 12 (CAG)sGC
3 844 A (CT)sAC
4 17889 A (CA)AC
5 UBC 836 (AG)sYA
6 UBC 842 (GA)sYG
7 HB 15 (GTG)sGC
Y=CT R=AG
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Table 2. List of RAPD primers used.

Primers Sequences

OPA-01 5'- CAGGCCCTTC -3’
OPA-02 5'- TGCCGAGCTG -3’
OPA-03 5'- AGTCAGCCAC -3’
OPA-04 5'- AATCGGGCTG -3’
OPA-05 5'- AGGGGTCTTG -3’
OPA-06 5'- GGTCCCTGAC -3
OPA-07 5'- GAAACGGGTG -3’
OPC-14 5- TGCGTGCTTG -3’
OPV-07 5'- GAAGCCAGCC -3

Protein electrophoresis

Protein extracts were prepared from young leaves
(~0.5 g of mandarin plants) and homogenates were
obtained by mechanically grinding in 500ul of the
protein extraction buffer (62.5mM Tris-Hcl, pH 6.8,
2% SDS, 10% glycerol, 5% B-mercaptoethanol, 5 M
Urea and 0.01% bromo-phenol blue) was added and
mixed well by vortexing. Protein extracts were
centrifuged at 14,000 rpm for 10 min at 4°C and apply
in 12% (SDS-PAGE) according to (Laemmli, 1970),
Molecular weights of different bands were calibrated
with a mixture of standard protein markers (Molecular
Weight Marker, M. W. 14.000- 66.000; Catalog No.
SDS7). The banding profile was stained by Coomase
blue dye then photographed and scored.

Statistical analysis

The obtained data were statistically analyzed by
subjecting to analysis of variance (ANOVA)
according to Snedecor and Cochran (1980) using
MSTAT program and LSD used to compare among

means of treatments according to Duncan (1955) at
probability of 5%.

RESULTS

Bud survival percentage and LDso

Bud survival percentage (sprouted buds after
budding) was reduced in response to exposure to
gamma rays as shown in Figure (1). Doses of 6 and 8
Kr were lethal to Balady mandarin buds, where all
treated buds by these two doses were Killed. Based on
the bud survival percentage, the LDso was achieved at
2.1Kr.
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Fig. 1. Effect of gamma irradiation doses (0, 2, 4, 6, 8
Kr) on bud survival percentage and LDsg

Effect of gamma rays on some morphological
characters
Data presented in Table (3) showed that shoot
length, leaf number / plant and area / leaf were
decreased significantly by increasing the gamma dose
from 0 to 4 Kr.

Table 3. Effect of bud radiation on some vegetative parameters of Balady mandarin plants.

Treatment Shoot length (cm)*  Leaf No/plant*  Area/leaf (cm?) Total leaf area (cm?)
Control 41.60 a 30.40 a 18.84 a 572.74 a
2 Kr 28.08 b 23.67b 16.96 b 401.44 b
4 Kr 2450 ¢ 22.00 b 15.44 ¢ 339.68 ¢

Means followed by the same letters are not significant at 0.05 level according to Duncan’s test.
*Shoot length and leaf number were recorded four months after budding

The results in Table (4) showed that stomata
number / unit area (Imm?) was increased significantly
as a result of exposing to gamma rays compared to
control, the highest number was recorded at 2 Kr
followed by 4 Kr with no significant difference while
control recorded the lowest value. There was no

significant effect for irradiation on stomata length,
whereas stomata width was decreased by exposing to
gamma rays recording its lowest value at 2 Kr and the
differences were significant among treatments (Table
4).

Table 4. Effect of bud radiation on stomata density and dimension of Balady mandarin leaves.

Treatment Stomata No.* Stomata length (um) Stomata width (um)
Control 14.06 b 105.36 a 87.35a
2 Kr 22.82a 104.06 a 8l.1c
4 Kr 20.60 a 105.64 a 82.41b

Means followed by the same letters are not significant at 0.05 level according to Duncan’s test.

* Stomata No was counted in 1 mm?
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ISSR-PCR analysis revealed polymorphism among treatments selections,

From the seven screened ISSR primers in the a total of 44 amplified bands were obtained, out of
studied treatment selections, only five were selected which 31 were polymorphic (Table 6). The total
as the most informative primers. These primers are number of amplified DNA bands varied between 10
UBCB848, HB12, 844A, 17889A and UBC836. Results (UBCB848, HB12, 844A and 17889A) and four
in Tables (5 and 6) showed that the five primers (UBC836).

Table 5. Amplified fragments obtained from the DNAs of Balady mandarin plants resulted from irradiated buds

via ISSR-PCR.
Primer Size Control 2 Kr 4 Kr
Cod (bp) 1 2 3 4 1 2 3 4
UBC848 500 1 1 1 1 1 1 1 1 1
468 1 1 1 1 1 1 1 1 1
400 0 1 1 1 1 1 1 1 1
385 0 0 0 0 1 1 1 1 1
371 1 1 1 1 1 0 0 0 1
300 1 1 1 1 1 1 1 1 1
231 1 1 1 1 1 1 1 1 1
200 0 0 0 0 0 1 1 1 0
170 0 0 0 1 0 0 0 1 0
138 1 1 1 0 1 1 1 1 0
HB12 700 1 0 0 0 0 0 0 0 0
469 0 1 1 1 1 0 1 1 0
400 1 1 1 1 1 1 1 1 1
355 1 1 1 1 1 1 1 1 1
300 1 0 0 0 0 0 0 0 0
280 1 1 1 1 1 1 1 1 1
226 0 1 1 1 1 1 1 1 1
200 0 0 0 0 1 1 0 1 1
145 1 0 1 0 0 0 0 0 1
100 0 0 1 0 0 0 0 0 0
844A 528 0 0 0 0 0 0 0 1 0
500 0 1 1 0 0 0 0 1 1
400 0 0 1 1 1 1 1 0 1
378 0 1 0 0 0 0 0 1 1
300 1 1 1 1 1 1 1 1 1
268 1 1 1 1 1 1 1 1 1
223 0 0 0 0 0 0 1 0 0
200 0 0 0 1 0 0 0 0 0
160 1 1 0 0 0 0 0 0 0
58 1 1 0 0 0 0 0 0 0
17889A 600 1 1 1 1 1 1 1 1 1
431 1 1 1 1 1 1 0 1 0
423 1 0 0 0 0 0 1 1 1
400 0 0 1 1 1 1 1 1 1
326 0 1 1 1 1 0 1 0 1
264 1 1 1 1 1 1 1 1 1
200 0 1 1 1 1 1 0 0 1
187 0 1 0 1 0 0 0 0 0
157 0 1 1 1 0 0 1 0 1
100 1 1 1 1 0 0 0 0 0
UBC836 800 1 0 0 0 0 0 0 0 0
400 1 1 1 1 1 1 1 1 1
240 0 1 0 1 0 0 0 0 1
200 1 1 1 1 1 1 1 1 1
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The maximum number of polyomorphic bands (8)
was obtained with 844A and 17889A primers, and the
minimum number (2) was obtained with UBC836
primer. The polymorphism percentage ranged from
50% (primer UBC836) to 80% (844A and 17889A
primers). Table (5) and Fig. (2) showed that UBC848
primer gave 10 different bands with molecular sizes
ranged from 500 to 138 bp, four of them were
monomorphic with sizes of 500, 468, 300, 231 bp.

The other bands were polymorphic. Bands with
sizes 400, 385, 200 and 170 bp were not detected in
the control and were presented in some selections of
the irradiation treatments. Whereas, bands with sizes
of 371 and 138 bp were presented in the control
treatment and absent from some other irradiation
treatment selections.

HB12 primer produced 10 different bands ranging
from 700 to 100 bp, three of which were monomorphic
with sizes of 400, 355 and 280 bp. The other seven
bands were polymorphic with percentage of 70%.
However, bands with molecular size of 700, 300 and
100 bp were detected only in the control and 2 Kr
treatments as unique bands. The 844A primer
separated also 10 different bands ranged from 528 to
58 bp. Among of them eight were polymorphic bands
and only two monomorphic (300 and 268 bp). The
polymorphism percentage of this primer was 80%.
The bands with molecular sizes of 528, 223 and 200
bp were present as unique bands in some irradiated
selections and absent from the control. The 17889A
primer had 10 different amplified bands, ranged from
600 to 100 bp. of which eight were polymorphic with
80% polymorphism percentage, and 2 were
monomaorphic bands sized 600 and 264 bp.

Primer UBC836 gave the lowest total bands (4)
compared to the other primers, 2 of which were
polymorphic with 50% polymorphism percentage and
the other 2 bands were monomorphic (400 and 200

bp). The molecular size of 800 bp was detected only
in the control treatment and absent from the other
treatment selections.

M 31 2 3:4 5 6°7:8:9 M: 1 23 4.5 :6 i 89

UBC848

UBC836

Fig. 2. ISSR fragments amplified from genomic DNA
extracted from Balady mandarin shoots resulted from
irradiated buds. (M: 100bp DNA ladder, 1: control, 2-
5: 2 Kr, 6-9: 4 Kr).

Table 6. Number and types of the amplified DNA bands as well as the total polymorphism percentage generated
by five ISSR primers in Balady mandarin buds irradiation.

Primer Primer No of No of Unique Total Polymorphism
code Sequence monomorphic polymorphic bands bands %
5 —3 bands bands
UBC 848 (CA)BRG 4 6 0 10 60
HB 12 (CAG)3GC 3 7 3 10 70
844 A (CT)BAC 2 8 3 10 80
17889 A (CA)BAC 2 8 0 10 80
UBC 836 (GA)BYG 2 2 1 4 50
Total 13 31 7 44 70.45

Results in Table (7) revealed that 4 Kr treatment
had the highest total number of polymorphic bands
(29) with 69.05% polymorphism percentage, whereas
the 2 Kr treatment had 25 polymorphic bands with

62.5% polymorphism percentage. Each treatment was
compared individually with the control.

The HB12 primer gave the highest total number of
polymorphic bands (14), whereas the UBC836 primer
had the lowest one (4).
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Table 7. Effect of gamma irradiation treatments on polymorphism percentage via ISSR markers.

Treatment 2 Kr 4 Kr Total BMB
Primer No. No. Total No. No. Total Per primer
Code PMB MMB PMB MMB

UBC 848 4 5 9 6 4 10 10
HB 12 7 3 10 7 3 10 14
844 A 6 2 8 7 2 9 13
17889 A 6 3 9 7 2 9 13
UBC 836 2 2 4 2 2 4 4
Total 25 15 40 29 13 42

Polymorphism % 62.5 69.05

PMB = Polymorphic bands, MMB = Monomorphic bands
Each treatment compared individually with the control

RAPD analysis

Nine random primers were used to differentiate
among the irradiation treatments. All the primers were
polymorphic (Fig. 3 and Tables 8 and 9).

The OPA-01 primer gave 13 different bands sized
from 3769 to 400 bp. Twelve of which were

2: 3t 4; 5: 16 A 8 8 M1 2 3
= e

= = —
N . [o .

o

OPADE  « -«

polymorphic bands with 92.31% polymorphism

percentage and one was monomorphic with size of
1200 bp. It was clear that molecular sizes of 433 and
400 bp were presented only in one selection of 4 Kr
treatment as unique bands.

OPA-07

Fig. 3. RAPD-PCR analysis of genomic DNA polymorphism of Balady mandarin plants resulted from irradiated buds using
different random primers with nine primers. (M:100bp DNA Ladder, 1: control, 2-5: 2 Kr, 6-9: 4 Kr).

The application of OPA-02 primer revealed the
amplification of 11 bands with sizes ranged from 1401
to 426 bp, nine of them were polymorphic with
81.82% polymorphism percentage. The sizes of 1401
and 1092 bp were monomorphic. Bands with sizes of
1000 and 700 bp were found once in 2 Kr selections,

whereas the 500 and 426 bp sizes were presented only
one time in one of 4 Kr selections.

The OPA-03primer separated 19 amplified bands with
sizes ranging from 9794 to 200 bp, out of them, 18
were polymorphic (94.74%), and one was
monomorphic (1000 bp) where it was present in all the
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treatment selections. The bands with sizes of 7222,
4655, 1470and 700 bp were found as unique bands in
the 4 Kr treatment selections, whereas the 200 bp was
found only in one selection of 2 Kr treatment. The
OPA-04 primer exhibited 10 different bands ranging
from 3743 to 950 bp, nine of them were polymorphic
(90%), and one monomorphic (1097 bp). Moreover, it
is clear from the data in Table (8) that bands with sizes
of 2000, 1500, 1000 and 950 bp were present only in
4 Kr treatment selections and absent from the control
and 2 Kr selections. The OPA-05 primer separated 16
different bands with sizes ranging from 3674 to 527

bp, twelve of them were polymorphic (75%), of which
one with size of 700 bp was unique band where it was
present only in one 2 Kr selection. The four bands with
sizes of 1200, 900, 737 and 527 bp were monomorphic
bands. The OPA-06 primer gave 15 different bands
sized from 12999 to 668 bp, four of them (3000, 1000,
932 and 800 bp) were monomorphic. The 2000 bp size
band was absent only from one of 2 Kr selections,
whereas the 700 bp band was missing from one of the
4 Kr treatment selections. The polymorphism
percentage of this primer was 73.33% (Table 9).

Table 8. Amplified fragment obtained from the DNAs of Balady mandarin plants resulted from irradiated buds

via RAPD —PCR.
Primer Size Control 2 Kr 4 Kr
cod (bp) 1 2 3 4 1 2 3 4
OPA-01 3769 1 1 1 1 1 1 0 1 0
3000 0 0 0 1 0 0 1 1 0
2768 1 1 1 0 0 0 0 0 0
2000 1 1 1 1 0 0 0 0 0
1766 0 1 0 0 0 0 1 0 0
1667 1 1 1 1 1 1 0 0 0
1200 1 1 1 1 1 1 1 1 1
965 0 0 0 1 0 0 0 1 1
941 1 1 1 0 1 1 1 0 0
800 1 1 1 1 1 1 0 0 0
600 1 1 1 1 1 1 1 0 1
433 0 0 0 0 0 0 0 0 1
400 0 0 0 0 0 0 0 0 1
OPA-02 1401 1 1 1 1 1 1 1 1 1
1200 1 1 1 1 1 1 0 1 0
1092 1 1 1 1 1 1 1 1 1
1000 0 0 1 0 0 0 0 0 0
900 0 1 0 1 0 0 0 0 0
842 1 0 1 1 0 0 0 1 0
800 0 0 0 0 0 0 1 1 0
740 1 0 1 1 0 1 0 0 0
700 0 1 0 0 0 0 0 0 0
500 0 0 0 0 0 0 1 0 0
426 0 0 0 0 0 0 1 0 0
OPA-03 9794 0 0 0 0 0 0 0 1 1
7222 0 0 0 0 0 0 0 0 1
6638 0 0 0 0 0 0 0 1 1
5613 0 0 0 0 0 0 0 1 1
4655 0 0 0 0 0 0 0 0 1
3857 0 0 0 0 0 0 1 1 1
3000 0 0 0 0 0 0 1 1 1
2000 0 0 0 0 0 0 1 1 1
1824 0 0 0 1 0 1 1 1 1
1500 0 0 0 0 1 1 1 1 1
1470 0 0 0 0 0 0 1 0 0
1318 0 0 0 0 0 1 0 1 1
1200 0 0 0 1 0 1 1 1 1
1000 1 1 1 1 1 1 1 1 1
900 0 0 0 0 0 1 0 1 1
800 0 0 0 0 0 1 0 1 1
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700
500
200

0
0
0
1
0
0
0
1
0

3743
2000
1838
1742
1609
1500
1226
1097
1000
950
3674
3000
2294
2091

OPA-04

0
1
1
0
0
1
0
1
0

OPA-05

1681
1569
1500
1200
1050
900
818
737
700
600
548
527
12999
10862
5683
3000
2000
1752
1500
1200
1000
932
900
481
800
700
668
5215

0
0
1
1
1
0
1
0
1

OPA-06

0
0
1
1
1
0

OPA-07

3000
2000
1732
1200
1000
900
800
700
668
600
500

466
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458 0 0 0 1 0 0 1 0 0
OPC-14 5618 0 0 0 0 1 0 0 0 1
4786 0 1 1 1 0 0 0 0 1
4070 1 1 1 1 0 0 0 0 0
3542 0 0 0 1 1 1 0 0 1
3000 0 0 1 0 0 0 0 1 0
2344 1 1 1 1 1 1 1 0 1
2000 1 0 0 0 1 1 0 0 1
1691 0 1 1 1 1 0 1 0 0
1500 1 0 1 0 1 1 0 1 1
1200 1 1 1 1 1 1 1 1 1
1000 1 1 0 1 1 1 1 1 1
900 1 0 1 0 1 1 1 0 0
800 0 1 1 1 0 1 0 0 1
700 1 0 0 0 1 0 0 0 0
600 1 0 0 0 0 0 0 0 0
500 0 0 0 0 1 0 0 0 0
OPV-07 3962 0 0 1 1 1 1 0 0 0
3000 1 1 1 1 1 1 0 0 0
2000 0 0 1 1 1 0 0 0 0
1500 0 1 1 1 1 0 0 0 0
1342 1 0 1 1 1 1 1 0 0
1200 0 1 1 1 1 1 1 1 1
1000 1 1 0 1 0 0 0 0 0
900 0 1 0 1 1 0 0 1 0
800 0 0 1 1 1 1 0 1 0
700 0 1 1 1 1 1 1 0 0
Results of OPA-07 primer exhibited the selections. While, the band with size of 500 bp was

amplification of 13 bands with sizes ranged from 5215
to 458 bp; all of them were polymorphic with 100%
polymorphism percentage. The bands with sizes of
5215 and 600 bp were present only one time in 4 Kr
treatment. The 1732 bp size band was present only in
the control and absent from the other treatment
selections. The OPC-14 primer separated 16 bands
with sizes ranged from 5618 to 500 bp. The band sized
1200 bp was monomorphic, whereas the other 15
bands were polymorphic with polymorphism
percentage of 100%. The band sized 600 bp was found
only in the control and absent from the 2 and 4 Kr

present only in one of 2 Kr selections.

Results of OPV-07 primer showed 10 different bands
with sizes ranged from 3962 to 700 bp. All of them
were polymorphic (100%). The 1500 bp band was
present only in the 2 Kr selections and was missing
from the control and 4 Kr selections. The 1200 bp
band was missing in the control treatment and found
in all other treatments selections.

Data presented in Table (9) showed that the nine
used RAPD primers produced a total of 123 amplified
bands, out of them 109 were  polymorphic with
88.62% polymorphism percentage.

Table 9. Number and types of the amplified DNA bands as well as the total polymorphism percentage generated
by nine RAPD primers in Balady mandarin buds irradiation.

Primer code  Primer Sequence 5—3° No. No. Unique Total Polymorphism %
No. MMB PMB bands bands

OPA-01 5'- CAGGCCCTTC -3’ 1 12 2 13 92.31
OPA-02 5'- TGCCGAGCTG -3 2 9 4 11 81.82
OPA-03 5'- AGTCAGCCAC -3 1 18 5 19 94.74
OPA-04 5'- AATCGGGCTG -3 1 9 1 10 90.00
OPA-05 5- AGGGGTCTTG -3’ 4 12 1 16 75.00
OPA-06 5- GGTCCCTGAC -3’ 4 11 0 15 73.33
OPA-07 5'- GAAACGGGTG ¥ 0 13 3 13 100.0
OPC-14 5'- TGCGTGCTTG -3’ 1 15 2 16 93.75
OPV-07 5'- GAAGCCAGCC 3’ 0 10 0 10 100.00

Total 14 109 18 123 88.62

PMB = Polymorphic bands, MMB = Monomorphic bands
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The OPA-03 primer gave the highest total
polymorphic bands, while OPA-04 and OPV-07
primers recorded the lowest ones.

Furthermore, the percentage of polymorphism
produced by each primer differed from one primer to
another, where the maximum value of polymorphism
was 100% produced by OPA-07 and OPV-07.
However, the lowest value was 73.33% for OPA-06.

From the polymorphic bands there were unique
bands which considered valuable markers. The
highest value of unique bands was scored with OPA-
03 primer.

Regarding the treatment effect, Table (10)
revealed the comparison between each irradiation
treatments individually with the control in the number
of polymorphic bands, total number of polymorphic
bands and polymorphism percentage, using the nine
RADP primers. It was clear that the 4 Kr treatment
gave the highest total number of polymorphic bands
(93), with 85.32% polymorphism percentage, whereas
the 2 Kr produced 72 polymorphic bands with 74.23%
polymorphism percentage. From the above mentioned
results, it was clear that 4 Kr treatment achieved more
genetic variation than the 2 Kr in comparison with the
control.

Table 10. Effect of gamma irradiation treatments on polymorphism percentage via RAPD markers.

Treatment 2 Kr 4 Kr Total

No. No. Total No. No. Total BMB
Primer PMB MMB PMB MMB per

Code primer
OPA-01 6 5 11 12 1 13 18
OPA-02 5 3 8 6 2 8 11
OPA-03 5 1 6 17 1 18 22
OPA-04 4 1 9 1 10 13
OPA-05 10 5 15 9 4 13 19
OPA-06 10 5 15 10 5 15 20
OPA-07 9 2 11 11 0 11 20
OPC-14 14 2 16 11 2 13 25
OPC-07 9 1 10 8 0 8 17

Total 72 25 97 93 16 109
Polymorphism % 74.23 85.32

PMB = Polymorphic bands, MMB = Monomorphic bands
Each treatment compared individually with the control

Total protein analysis by SDS-PAGE

The electrophoretic profiles of the control and
four selections of each irradiation treatment are
presented in Figure (4) and the banding pattern in
Table (11). The analysis of total protein revealed 25
bands with different molecular weights. Among the
bands, 23 showed high variability while, the other two
bands were commonly detected in the studied
selections.

Gamma irradiation treatments induced changes in
the electrophoretic profiles. These changes include
alteration in band intensities, appearance of new bands
and disappearance of others. The most visible changes
in SDS-PAGE patterns were the appearance of new
bands with molecular weight of 264, 196 and 139 KD,
in some selections of 4 Kr treatment, and bands of 87,
86, 82, 51, 45, 30 and 9 KD; in selections of 2 and 4
Kr. The protein bands with molecular weight of 166
and 164 KDa were disappeared after irradiation
treatment from all 2 and 4 Kr selections except one
selection in 2 Kr treatment. The protein bands with
molecular weight of 172, 136, 123, 116, 97, 76, 66, 55
and 39 KD, were appeared in the control and
disappeared from some irradiated selections. An over
accumulation was also observed for protein bands
with a molecular weight of 136, 123, 82, 45, 20 and
11 KD..

The changes in protein banding patterns have been
attributed to the occurrence of either gene mutation or
induction of cytological aberrations. The absence of
some bands might be due to the disruption of their
corresponding genes.

M1 23 4 56 789

Fig. 4. SDS-Polyacrylamide gel electrophoresis
showing protein bands patterns of Balady
mandarin. M: marker (High molecular
weight Sigma), Lane 1: control, Lane 2-5:
2Kr, Lane 6-10: 4 Kr.
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Table 11. SDS-PAGE banding patterns of total protein in plants induced from irradiation (Buds) treatments.

Band M.wit.
No. (KDa) 1 2 3 4 5 6 7 8 9
1 273 ++ ++ ++ ++ ++ ++ ++ ++ ++
2 264 - - - - - - B T T
3 223 +++ +++ +++ +++ +++ +++ +++ +++ +++
4 196 - - - - - - - ++ ++
5 172 ++ - ++ ++ ++ ++ - ++ ++
6 166 ++ - - - ++ - - - -
7 164 ++ - - - ++ - - - -
8 139 - - - - - - - +++ +++
9 136 ++ ++ ++ ++ ++ ++ - +++ +++
10 123 ++ ++ - +++ - +++ - +++ +++
11 116 +++ - ++ - +++ +++ - - -
12 97 ++ - ++ - ++ ++ ++ - -
13 87 - ++ - - - - - ++ ++
14 86 - ++ - + - - + + -
15 82 - - - ++ +++ ++ - - -
16 76 + - - + - + + + +
17 66 + + - ++ - - - -
18 55 + + + + - - - + ++
19 51 - - - + - ++ - ++
20 45 - - + + ++ ++ ++ +++
21 39 + - + + - + + -
22 30 - - - - - - + +
23 20 ++ - ++++ +++ ++++ ++++ - +++ +++
24 11 + - ++ + + + + ++
25 9 - - - ++ - ++ - -
++++ Very strong +++ strong ++ intermediate + weak - absent
1: control 2-5: 2 Kr treatment selections 6-9: 4 Kr treatment selections
Discussion the previous variations could be explained as a

This study includes the using of gamma rays at
different doses to induce genetic variations in Balady
mandarin using buds as irradiated material. The
obtained data (Fig. 1) revealed that bud sprouting
percentage decreased by increasing the dose of
gamma rays. The LDso was obtained at 2.1Kr. From
this results it is clear that the buds were sensitive and
this in agreement with the result of Spiegel-Roy and
Padova (1973), who reported that the LDso for Citrus
sinensis seeds was between 8 and 10 Kr, whereas it
was below 5 Kr for buds and the 7.5 Kr was almost
lethal to the buds. Gulsen et al. (2007) reported that
the LDsp of 'Kutdiken' lemon buds was around 5 Kr.
Whereas, Ling et al. (2008) found the LDso of Citrus
sinensis seeds was achieved at 27 Gy. From the
previous result we can conclude that the buds are more
sensitive to irradiation than seeds, this may be due to
the lower moisture content and the presence of coats
in the seeds. The morphological characters also
affected by gamma irradiation (Table 3 and 4). It is
clear that there were significant differences among
treatments. The control had the highest values of shoot
length, total leaf number/plant, area/leaf and total leaf
area/plant in comparison with the irradiation
treatments (Table 3). Stomatal parameters also
differed significantly among treatments (Table 4). All

reflection of the genetic variations, that induced by
radiation. These genetic variations were confirmed in
our study through using the molecular and
biochemical markers (ISSR, RAPD and protein gel
electrophoresis) as screening techniques. Genetic
variations among plants of Balady mandarin which
regenerated from gamma irradiated buds was
evaluated using ISSR and RAPD markers to detect the
induced genetic variations among treatments. ISSR
markers produced 44 amplified bands out of which 31
were polymorphic (Tables 5, 6). The RAPD markers
generated 123 amplified bands out of which 109 were
polymorphic (Tables 8, 9). RAPD fingerprinting
detected more  polymorphic  bands (88.62
polymorphism percentage) than ISSR fingerprinting
(70.45%). Regarding the gamma ray treatment
efficiency on inducing genetic variations, both ISSR
and RAPD markers proved that 4 Kr dose was more
effective in inducing genetic variations than 2 Kr
compared to the control. The 4 Kr treatment produced
69.05 and 85.32 polymorphism percentage by using
ISSR and RAPD, respectively, whereas the 2 Kr
generated 62.5 and 74.23 polymorphism percentage
(Tables 7 and 10). The previous results clear that both
marker systems were effective in determining
polymorphism and they were useful tools for diversity
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studies in Balady mandarin. Many researchers proved
the usefulness and efficiency of ISSR and RAPD
techniques in detecting genetic variation in different
species and varieties (Bastianel et al., 1998; Reddy et
al., 2002; Abkenar and Isshiki, 2003; Capparelli et al.,
2004; Bosco et al., 2007; Baig et al., 2009; Biswas et
al., 2010; Marak and Lasckar, 2010). Total protein
electrophoresis was used as a biochemical marker to
evaluate the changes in protein electrophoretic
profiles in leaves of the irradiated plants. Changes
include alteration in band intensities, appearance of
new bands and disappearance of other bands were
found (Table 11 and Fig. 4). These changes could be
attributed to the occurrence of either gene mutation or
induction of cytological aberrations, whereas the
absence of some bands might be due to the disruption
of their corresponding genes. Under stress conditions
like irradiation, several stress proteins are synthesized
and accumulated in plant tissues, as defenses
mechanisms (Humera, 2006). This defense brought
about by alteration in pattern of gene expression
(Corthals et al., 2000) leading to modulation of certain
metabolic and defensive pathways (Zolla et al., 2003).
Moreover, Ling et al., (2008) reported that owing to
gene expression altered under gamma stress,
qualitative and quantitative changes in total soluble
protein content was obvious.

In conclusion, the molecular markers (ISSR and
RAPD) as well as biochemical markers (total protein)
are a fast and simple techniques, can detect enough
polymorphism to differentiate between irradiated
Balady mandarin plants. These markers indicated the
presence of an extensive genetic polymorphism
among the studied treatment selections.
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