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1. INTRODUCTION

Citrus is considered one of the most
important fruit crops all over the world, both in
terms of planting area and production (Nito 1996;

ABSTRACT

Micronodes were used to propagate Sour orange (Citrus aurantium)
through In Vitro technique. Also, two cytokinins i.e. Kinetin, 6-benzyl
amino purine at concentrations rate of 0.0, 1.0, 2.0, & 3.0 mg/l were
employed. The mutagenesis process used chemical mutagens through
culturing of in vitro shootlets on MS medium supplemented with
different concentrations of Sodium azide (NaN3) at rate of 0.04, 0.06,
& 0.08%; Colchicine at rate of 0.05, 0.10, & 0.15%. Di methyl
sulphanate (DMS( at rate of 0.10, 0.30, & 0.50%; and Di ethyl
sulphanate (DES) at rate of 0.10, 0.30, & 0.50%. Also, physical
mutagens were subjected to different doses of UV rays ( 2, 4, & 6 hours
); microwave treatments (200 wat) for 10, 20, & 30 seconds; and
Gamma rays 50, 75, & 100 Gray. the highest concentration of BAP
(3.0 mg/L) is more effective in increasing Shoot numbers. However,
the lowest concentration of chemical mutagens i.e. DMS (0.10%)
induced the highest Survival% and Shoot length. while, using Sodium
azide (0.04, 0.06, & 0.08%) had a harmful effect on Survival% and
Shoot length. On the contrary, using Colchicine improved most
parameters under study. However, the Vitrification parameter was
noticed significantly with all Sodium azide concentrations i.e. 0.08,
0.06, & 0.04% as well as DES 0.30 & 0.50% concentrations as
compared with the other treatments. Furthermore, a Molecular marker
(ISSR) was done, by Using eight primers revealing that the ratio of
polymorphism 81.6% under physical effect was less than compared
with chemical mutagenesis 88.4%.

KEYWORDS: : In Vitro, Citrus, Chemical Mutation, Physical
mutation, ISSR

& Hazarika et al., 2014). In Egypt, citrus fruits are
economically important with large scale
production. It has great considerable importance
in the fruit economy of the country According to
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the Ministry of Agriculture statistics, Central
Administration of Plant Quarantine (CAPQ),
2021 years. Fruit yields vary considerably with
soil type. Nevertheless, good commercial yields
are attained on fertile soils.

Sour orange (S.N: Citrus aurantium.
Family: Rutaceae.) yields much less on the
course, of infertile sands, particularly when
budded with Valencia orange, and therefore
should not be used on such soils (Castle et al.,
2016).

A horizontal increase of citrus in newly
reclaimed soils is mandatory through the
production of new rootstocks capable of tolerating
different abiotic factors, such as drought,
flooding, salinity, mineral deficiency and toxicity,
metal toxicity, heat, cold, soil temperature and
oxygen, pH, etc. (Colla et al., 2010; Hartmann et
al ., 2013; Savvas et al., 2010; Ghrab et al., 2014;
& Castle et al., 2016) and different biotic factors
such as fungal and bacterial pathogens, virus,
diseases, insects or nematodes ( Shokrollah et al.,
2009; Roistacher et al ., 2010; Louws et al., 2010;
& Castle et al., 2016). Employing biotechnology
in breeding was helpful in the production of new
rootstocks (Annarita, and Laura., 2012). Tissue
culture techniques are the most procedures that
improve the methods of propagation and produce
huge numbers of rootstock plants with complete
resemblance to their mother trees (Thorpe., 2007).
Pérez-Tornero, and Porras., (2008) found that
embryos from the cultivar ‘Eureka’ had greater
survival, germination percentages, and radical
development.

Mutation induction techniques were done
either by physically adding radiation i.e Gamma
( Ling et al., 2008; Altaf et al (2009); Xiao et al.,
2009; & Sutarto et al., 2009 ), UV (Britt., 1995;
Sztatelman et al., 2016; & Dwivedi et al., 2021),
and Microwave (Khalafallah, and Sallam., 2009;
Jangid et al., 2010; Kesari et al., 2010; Jangid et
al., 2010; Cretescu et al., 2013; Soran etal., 2014;
& Miler et al., 2018) or by chemical substances i.e
Sodium azide ( Raicu and Mixich., 1992; Grant
and Salamone., 1994; Al-Qurainy., 2009;
AbdulRahaman et al., 2013; & AbdulRahaman et
al., 2018 ), Colchicine (Grosser et al., 2014; Eng,
W.H. and Ho, W.S., 2019; & Narukulla et al.,
2023), Di methyl sulphanate (DMS), and Di ethyl
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sulphanate (DES) (Jain., 2005; Ge et al., 2015; &
Kaur., 2015 ) which are valuable tools for
increasing variability in crop species because
spontaneous mutations occur with an extremely
low frequency and it is possible to increase
variability of economic gamma radiation is
probably the most used in fruit trees because of
their easy, availability and power of penetration
(Moussa., 2006). Moreover, using mutation either
with using chemical or physical mutagens are
valuable in inducing large scale genetic
variabilities which is the main tool of the breeder
to raise a new rootstock. Chemical mutagens
(Oladosu et al.,2015) Induced mutation delivers
desired genetic changes such as early maturation,
resistance to various diseases, and semi-dwarfism
in plants (Beyaz, and Yildiz., 2017).

The identification of species and varieties,
as well as their variations induced by different
mutagens, is possible with the aid of various
markers like morphological, biochemical, and
cytogenetic, but the most efficient are the
molecular (DNA) markers, which are based on the
differences in their DNA sequence (Bretting, and
Widrlechner., 1995). In Citrus, markers that use
PCR (Polymerase Chain Reaction) technology,
have successfully been used, such as RAPD
(Asadi, and Isshiki., 2003), SCAR (Nicolosi et al.,
2000), and Markers used for this purpose include
intersimple sequence repeat (ISSR) primers,
extensively useful in establishing the genetic
stability of in vitro-regenerated plantlets in many
crop species (Scarano et al., 2002; Joshi, and
Dhawan., 2007; Lakshmanan et al., 2007; Pathak,
and Dhawan., 2012; Salis et al., 2017; and Haradzi
etal., 2021).

The ultimate goal of this investigation is
establishing an easier and more faster protocol
using the tissue culture technique as a nobil
propagation way of citrus rootstocks to alternate
to sexual propagation. Besides, an attempt to
induce genetic variations in the resulting
shootlets, using some physical and chemical
mutagens, hopefully, will carry some desirable
traits in the future.

2. MATERIALS AND METHODS

This study was conducted in the Tissue
Culture and Germplasm Conservation Research
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Laboratory - Horticulture Research Institute,
Agricultural Research Center - Giza, Egypt in
cooperation with the Department of Horticulture-
Faculty of Agriculture - Benha University during
the period from 2021 to 2023.

2.1. Shootlets preparation:

Micronodes of Sour orange ( Citrus aurantium
) rootstock were collected from the one-year-old
branch and subjected to running water for 5
minutes to get rid of residual fruit tissues then
immersed in a soap solution for 5 minutes. After
that, those micronodes were immersed in 15%
Clorox solution (0.5 NaOCI) commercial bleach
with two drops of Tween-20 for 10 minutes then
immersed in sterilized distilled water 3 times for
5 minutes each. Then micronodes were cultured
on MS medium ( Murshig & Skoog ) was
supplemented with 100 mg/L Myo-inositol, 0.10
mg/l BAP (6-benzylainopurine), 0.10 mg/l IBA
(Indol-3-butyric acid), 30 g/l sucrose, and 7 g/l
Difico- Bacto agar as a basel medium. The pH of
the medium was adjusted to 5.70 and autoclaved
at 121°C for 15 min and the cultured jars were
incubated in an incubation room under conditions
16 hours of artificial light (Fluorescent light at 30
mM/m2/sec) and 8 hours of dark at an average
temperature of 28-30°C. Thus, the following
experiments were carried out.

2.2. Shootlets proliferation

Two cytokinin types i.e. Kinetin (Kin. 6-
furfural amino purine) and 6-benzyl amino purine
(BAP) were studied at the rate of 0.0, 1.0, 2.0, and
3.0 mg/L to detect the best cytokinin type and
concentration that was able to induce, the highest
proliferation of Sour Orange ( Citrus aurantium).

2.3. Mutagenesis process

2.3.1. Chemical mutagenicity effect on

morphological characterization

The resultant in vitro proliferated shootlets of
Sour Orange rootstock were taken and subjected
to different mutagenic substances. In vitro,
shootlets of Sour Orange rootstock were cultured
on an MS medium supplemented with four types
chemical of mutagens, each at three different
concentrations:
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1. Sodium azide (NaN3) at 0.04%, 0.06%, and
0.08% v/v.
2. Colchicine (C22 H25 NO6) at 0.05%, 0.10%,
and 0.15% wiv.
3. Di methyl sulphanate (DMS) at 0.10%,
0.30%, and 0.50% v/v.
Di ethyl sulphanate (DES) at 0.10%, 0.30%,
and 0.50% v/v.
The shootlets were cultured on basel MS
medium supplemented with DMS or DES at the
same concentrations, we found that all explants
were vitrificated. So, we immersed the explants in
a liquid solution of both substances (DMS or
EMS) for 30 min, then cultured on MS media. All
treatments were kept under the incubation room
conditions (16 hours light and 8 hours dark at 28-
30°C for 4 weeks). At the end of the incubation
period were determined the most effective
chemical mutagen with the best concentration
which has the ability to induce variable
morphological characters (survival percentage,
shootlet number, shootlets length, leaves number,
FW, and DW), and genetic variation was
determined.
2.3.2. Physical mutagenicity effect
morphological characterization

Effects of different physical mutagens on
survival and growth parameters of in vitro
shootlets of Sour orange rootstock were
estimated. To study the effects of UV-C, gamma,
and Microwave irradiation on the growth of caper
shoots, shootlets were placed in small jars
containing basal MS medium (without growth
regulators), and then subjected to irradiation
treatments.

The jars were exposed to UV-type-C rays
for three times (2, 4, and 6 h). Employing model
G15T8 ultraviolet light UV-C lamp: Philps -TuV-
15W- 54 V- 0.34 A, and long at 45 cm, diameter
at 2.8 cm, containing 2.0 mg of mercury (Hg), and
disinfects water air. UV-C light is a short-
wavelength linear tube (254 nm). The distance of
exposure was 10 cm from the lamps (Sztatelman
et al., 2016; & Dwivedi et al., 2021). The

4.

on

irradiation treatments were done at the
Horticulture Research Institute, ARC, Giza,
Egypt.

The LG- 42|-MH8265DIS microwave
oven with the power of 200 Wecm-2 and the
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frequency of 2.45 GHz was used as the source of
radiation for three times (10, 20, and 30 seconds).
The irradiation treatments were done at the
Horticulture Dep. Moshtohor, Toukh 13736,
Egypt.

Exposure to gamma rays with three
concentrations (50, 75, and 100 Gray), was
performed at the National Centre for Research and
Technology in Nasr City, Cairo, Egypt, using
60"Co-y of India gamma cell at dose rate (0.782
Gy/h) (Bahmani et al., 2016; & Babina et al.,
2020). to verify the most effective dose that
induces the greatest mutations and genetic
variabilities without adverse effects on irradiated
explants. Irradiation was conducted by using a
Co60 source from a Unit of Gamma Chamber
4000 at the National Center for Radiation
Research and Technology Nasr City, Cairo.

The irradiated shootlets were cultured
directly after irradiation to a new cultural medium
and kept under the incubation room conditions (16
hours light and 8 hours dark at 28-30°C for 4
weeks). At the end of the incubation period
morphological characteristics were determined
(survival percentage, shootlets number, shootlets
length, leaves number, FW, and DW) and genetic
variation was determined.

2.4. Molecular marker (ISSR-PCR):
2.4.1. DNA extraction:

Genomic DNA was extracted from young
leaves of mutant shootlets, bulked from 15
different shootlets per genotype following the bio
basic protocol. The quantity and quality of
genomic DNA was tested by the
spectrophotometer and agarose gel
electrophoresis.

2.4.2. PCR amplification and Electrophoresis

Eight ISSR primers Table(1), were used to
amplify the DNA. The ISSR-PCR method was
carried out, according to Nagaoka and Ogihara
(1997) Amplification reactions were carried out in
26.3puL volumes, containing (11.0 pul dH20, 3 pl
of 10x buffer, 3.0 pul of ANTPs (2.5mM ) 4 uL of
Mg CI2 (25 m M), 3.0 uL primer (2.5 p L ),0.3 ul
of Taq polymerase( 5U/ plL) and 2.0 pL of
genomic DNA 50ng/ pL). Amplification was
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performed in a TECHNE thermocycler (Model
FTGENSD, TECHNE, Cambridge Ltd, Duxford,
and Cambridge, U.K). Programmed for an initial
denaturation at 940C for 5 min, 45 cycles of 1 min
denaturation at 940C, 1 min annealing at 400C,
and 2 min extension at 720C followed by final
extension for 10 min at 720C. The amplified
products were separated on 1.5% agarose gel in
TBE buffer. The DNA bands were visualized by
staining the gels with ethidium bromide and
photographed under UV light using gel
documentation system.

Table 1. ISSR primers names and their
sequences.
Primer Primer name Sequence
1 HB12 (CAC)3GC
2 HB13 (GAG)3GC
3 TA-1 (AG)10C
4 TA-3 (AGG)6
5 17899B (CA)6GG
6 UBC-823 (TC)8C
7 UBC-811 (GA)8C
8 UBC-810 (GT)8CA

2.4.3. Band scoring and data analysis

The banding pattern of the ISSR markers
in the individuals were scored as presence (1) and
absence (0) of the band. The pairwise
comparisons between the tested genotypes were
used to calculate the coefficient of genetic
similarity matrix (Gs) according to Nei and Li
(1979). The similarity matrix was subjected to
cluster analysis using an unweighted pair group
method with an arithmetic means (UPGMA)
clustering procedure and a dendrogram was
generated using the software package MVSP
(Multi-Variate Statistical Package).

2.5. Data and calculation

shootlets length (cm), Shootlets number,
Leaves number, survival percentage, FW (cm),
DW(cm), Necrosis, and genetic determined..

2.6. Statistical analysis and experimental
design

All treatments used in this study were
arranged in a Complete Randomized Desigen
(CRD) and replicated 5 times with 3 explants for
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each replicate The obtained data were subjected to
analysis of variance and statistically analyzed

according to Duncan’s multiple range test
(Duncan, 1955) at 1% level.

3. RESULTS AND DISCUSSION
3.1. Shootlets proliferation
3.1.1. Effect of medium and explant types

Dealing with proliferation, it is clear from
Table (2) & Fig (1) that BAP cytokinin is more
effective in increasing proliferation than Kin.
Also, both concentrations of the two cytokinins 1.0
mg/l BAP, and 1.0 mg/l Kin. were statistically
maximized survival percentage parameters in
comparison with the other concentrations and
cytokinin types. Meanwhile, photo (2) showed
Shoot length (6.30 cm) parameter was
significantly increased as a lower concentration of
BAP 1 mg/l was used about the others. Moreover,
lower concentrations of Kin(5.47 cm). took a
second rank in increasing shoot length as
compared with the higher concentrations of both
cytokinin’s BAP & Kin (3.80, and 4.83 cm.
respectively). On the other hand, there is a direct

relationship between increasing the concentrations
of either BAP or Kin and an increase in the shoot
number parameter. The highest BAP concentration
(3.0 mg/l) induced the best significant shoot
number (7.07 cm) among the others. However,
Leaves number increased as low concentrations
were used of either BAP or Kin. cytokinin was
involved. The highest statistical Leaves number
appeared as 1mg /I of Kin (5.90 cm). was used in
comparison with the other treatments under study.

Generally, the results conclude that BAP is
more effective in increasing proliferation. Also,
higher concentrations of either BAP or Kin.
induced a better proliferation than lower
concentration. However, the reverse was true in
the case of Shoot length and Leaves number
parameter. These results are going in line with the
findings of Muhammad Usman et al., (2005).
They found that Shoot proliferation Of Kinnow
(Citrus  reticulata), Sweet lime (Citrus
limmetoides ), and Succari (Citrus sinensis) were
directly proportion to the increase in the levels of
benzyl aminopurine (BA) and naphthalene acetic
acid (NAA) in the modified Murashige & Skoog
medium.

Table 2. Effect of two Cytokinin types and concentrations on proliferation of Sour orange.

Parameters  Survival Shoot length Shoot number Leaves number
Treatments (%) (cm) (shootlet/explants) (Leaves/shootlet)
Control 62.33¢C 507b 2.30e 3.43 de
BAP 1 mg/l 85.00 a 6.30 a 4.07 cd 413 cd
BAP 2 mg/l 74.00 b 3.80c 4.77 be 3.17¢e
BAP 3 mg/l 65.33 b 2.50c 7.07a 3.80 c-e
Kin 1 mg/l 87.33¢c 547D 2.13 ¢ 590a
Kin 2 mg/l 83.67 a 483D 3.73d 5.00b
Kin 3 mg/I 75.00 b 3.67¢c 5.60 b 4.47 b

Means followed by the same letter within each column are not significantly different from each other at 1% level.

BAP: 6-benzyl amino purine; & Kin: kinetin

control

N

i

N

&

e -_h...—"”‘

;"q R TN

BAP

Fig 1. Effect of BAP & Kin on Shootlets of Sour orange.
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3.2. Mutagenesis process

3.2.1. Chemical mutagenicity effect

morphological characterization

Data presented in Table (3) and Fig (2)
reflected the effect of chemical mutagens on
Survival % and growth parameters of in vitro Sour
orange shootlets. The highest significant Survival
percentage (91.33%) occurred in Sour orange
when both control and the lowest concentration of
DMS (0.30% v/v) were supplemented to the
cultured medium about other treatments. While the
highest significant shoot length CHC 0.05% (1.93
cm). However, using of Sodium azaid with
different concentrations (0.04%, 0.06%, & 0.08%
v/v) induced a significant harmful effect on
Survival percentages (5.00, 5.33, and 2.00% ) and
Shoot length parameters(0.77, 0.47, 0.27 cm). On
contrary, Leaves number, Fresh weight, and Dry
weight as well as Necrosis parameters increased
significantly by using 0.05% v/v Colchicine (4.33,
2.70 g, 0.39 g, and Necrosis 5. respectively). as
compared with most other treatments. On the other
hand, Vitrification parameters were statistically
increased by using 0.04% v/v Sodium azaid
(94.67%) and DES at 0.30% (100%), 0.50%
(100%), and CHC.0.05% (87.33) & 0.10%
(82.27%) treatments.

on

3.2.2. Chemical mutagenicity effect on
genetic variabilities parameters of
Sour orange shootlets

Using 8 ISSR primers on Sour orange
shootlets were subjected to different chemical
mutagens (Control, CHC 0.05%, CHC 0.10%,
CHC 0.15%, DMS 0.10%, DMS 0.30%, DMS
0.50%. DES 0.10%, DES 0.30%, and DES 0.50%
v/v) showed 69 variables bands were of them 37
bands as polymorphic (without Unique) with a
ratio of 53.6%, while found 24 unique bands with
a ratio of 34.8% and these bands ranged in size
between 515 to 183bp with mean of
polymorphism 88.4%. An asset of eight ISSR
primers revealed 69 variable bands of them 61
polymorphic and 8 bands as monomorphic with a
ratio of 11.6% among ten orange genotypes. A
100% polymorphism was scored for two primers
(P1 and P3). While a low polymorphism of
66.67% was scored for primer 2.

Meanwhile, the other three primers (P4,
P5, and P8) produced polymorphism at 87.5% but
primer 6 gave 91% while, primer 7 scoured 75
polymorphism. The total percentage of
polymorphic markers for eight primers in the
examined 10 accessions is 88.4%, which indicates
a high level of genetic variation among Sour
orange plantlets that were subjected to different
chemical mutagens.

Table 3. Chemical mutagenicity effect on morphological characterization.

Shoot
MSUMMI % (cl;ﬁ) S:Iz(_)t L?\"Ii;/_es Vitrification '23/ [zE\J/)V Necrosis
SA 0.04% 500f 0.77c-e 1.33ab 2.67ab 9467a 0.66d 0.10b-d 1.66c
SA 0.06% 5.33f 0.47de 1.00b 2.67ab 82.67a-c 051d 0.07cd 1.33c
SA 0.08% 2.00f 0.27e 1.00b 2.00b 96.67a-c 0.32d 0.04d 1.00c
DMS 0.1% 72.33b 1.03b-d 1.33ab 3.33ab 58.33b-d 1.03cd 0.12 b-d 4.67 ab
DMS 0.3% 91.33a 1.33a-c 1.67ab 3.00ab 65.00cd 1.73bc 0.23 a-d 4.00 ab
DMS 0.5% 62.67c 090b-e 1.33ab 2.33b 41.33e 1.83a-c 0.29ab 3.33b
DES 0.1% 66.00bc 1.43ab 1.67ab 2.33b 40.00e 223 0.25a-c 5.00a
DES 0.3% 67.00bc 0.63c-e 1.00b 2.00b 100.00a 0.83d 0.09b-d 3.67 ab
DES 0.5% 43.00d 0.47de 1.00b 1.67b 100.00a 0.63d 0.03d 3.33b
CHC 0.05% 67.67bc 193a 233a 433a 87.33ab 270a 0.39a 5.00a
CHC 0.10% 49.00d 1.27a-c 1.33ab 2.67ab 82.67a-c 1.10cd 0.18a-d 4.67 ab
CHC 0.15% 31.67e 090b-e 1.00b 2.67ab 67.33b-d 0.84d 0.03d 4.33ab

Means followed by the same letter within each column are not significantly different from each other at 1% level.
SA: Sodium azide; DMS: Di methyl sulphanate; DES: Di ethyl sulphanate; & CHC: Colchicine (C22 H25 NO6 )
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Fig 2. Chemical mutagenicity effect on morphological characterization.

Table 4. Gel profile for ten Sour orange Shootlets using eight ISSR primers

g % é B %i 5% -c'% g‘g fig é,\ E 3 E B
» o S S 52 32 2 e c S £ 5 - & B
5 5 ES ESZ g 53 g2 ES °cz g8
S £ S %5 =25 = S5 >5 >E 82 25
T = S g 5 p £ = o i g <
P1 HB12 11 5 6 0 11 100% 0236  456:188
P2 HB13 6 4 0 2 4 66.667 % 0583  475:210
P3 TA-1 9 4 5 0 9 100% 0.3 468:218
P4 TA-3 8 5 2 1 7 87.5% 0.463  515:194
ps 178998 8 6 1 1 7 87.5% 0463  493:199
pe  UBC-823 11 6 4 1 10 91% 0.282  500:183
p7 UBC-8l1 8 4 2 2 6 75% 0.463  468:187
pg  UBC-810 8 3 4 1 7 87.5% 0.362  493:336
Total - 69 (100%) 37 (53.6%) 24 (34.8%)  8(11.6%) 61(88.4%) 88.4% 0.394  515:183
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Using 8 ISSR primers detected 34 positive  the low number 1 by primer P5 as single positive
markers (Table 4) These unique bands scoured by ~ markers.
seven primers were the high number 6 by P1 and

Table 5. Genetic markers under chemicals mutagen using eight ISSR primers.
Genotypes No.

Primers  MS __ CHC CHC CHC DMS DMS DMS DES DES DES
© 0.05% 01% 015% 01% 03% 05% 01% 03% 05%
378 0 0 0 0 0o 1 0 0 0 0
376 0 0 0 0 o o0 o0 o0 0 1
25 0 0 0 0 o o o0 o0 0 1
P1(6) 203 0 0 0 0 1 0 0 0 0 0
189 0 0 0 0 o 1 0 0 0 0
18 0 0 0 0 o o 1 0 0 0
469 0 0 0 0 o o 1 0 0 0
38 0 0 0 0 o o0 1 0 0 0
P3(5) 44 0 0 10 o o0 0 0 0 0
205 0 0 0 0 o o 1 0 0 0
29 0 0 0 0 o o 1 0 0 0
337 0 0 10 o o0 0 0 0 0
PA(2) 208 0 0 0 0 o 0o 0 1 0 0
P5(1) 250 0 0 0 0 o o0 0 o0 1 0
%7 0 0 10 o o0 0 0 0 0
20 0 0 10 o o0 0 0 0 0
P6(4) 217 0 0 0 0 o o 0 0 1 0
20 0 0 10 o o0 0 0 0 0
30 0 0 10 o o0 0 0 0 0
P7(2) 256 1 0 0 0 o 0 0 0 0 0
253 0 0 0 0 o o 1 0 0 0
246 0 1 0 0 o o0 0 0 0 0
P8(4) 207 0 1 0 0 o o0 0 0 0 0
136 1 0 0 0 o 0o 0 0 0 0

Fig 3. ISSR-PCR of C.aurantium , Control, CHC 0.05%, CHC 0.10%, CHC 0.15%, DMS 0.10%,
DMS 0.30%, DMS 0.50%. DES 0.10%, DES 0.30%, and DES 0.50% via HB12 primer.
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Fig 4. ISSR-PCR of C.aurantium , Control, CHC 0.05%, CHC 0.10%, CHC 0.15%, DMS 0.10%,
DMS 0.30%, DMS 0.50%. DES 0.10%, DES 0.30%, and DES 0.50% via HB13 primer.

Fig 5. ISSR-PCR of C.aurantium , Control, CHC 0.05%, CHC 0.10%, CHC 0.15%, DMS 0.10%,
DMS 0.30%, DMS 0.50%. DES 0.10%, DES 0.30%, and DES 0.50% via TA-1 primer.

Fig 6. ISSR-PCR of C.aurantium, Control, CHC 0.05%, CHC 0.10%, CHC 0.15%, DMS 0.10%,
DMS 0.30%, DMS 0.50%. DES 0.10%, DES 0.30%, and DES 0.50% via TA-3 primer.
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Fig 7. ISSR-PCR of C.aurantium , Control, CHC 0.05%, CHC 0.10%, CHC 0.15%, DMS 0.10%,
DMS 0.30%, DMS 0.50%. DES 0.10%, DES 0.30%, and DES 0.50% via 17899B primer.

Fig 8. ISSR-PCR of C.aurantium , Control, CHC 0.05%, CHC 0.10%, CHC 0.15%, DMS 0.10%,
DMS 0.30%, DMS 0.50%. DES 0.10%, DES 0.30%, and DES 0.50% via UBC-823 primer.

Fig 9. ISSR-PCR of C.aurantium , Control, CHC 0.05%, CHC 0.10%, CHC 0.15%, DMS 0.10%,
DMS 0.30%, DMS 0.50%. DES 0.10%, DES 0.30%, and DES 0.50% via UBC-811 primer.
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Fig 10. ISSR-PCR of C.aurantium , Control, CHC 0.05%, CHC 0.10%, CHC 0.15%, DMS 0.10%,
DMS 0.30%, DMS 0.50%. DES 0.10%, DES 0.30%, and DES 0.50% via UBC-810 primer.

3.2.3. Physical mutagenicity effect on
morphological characterization:

Table (6) & Fig (11) showed the effect of
physical mutagens on Survival and growth
parameters of in vitro Sour orange shootlets.
Subjecting in vitro shootlets to different physical
mutagens at low doses of irradiation either by UV
2, Micl, Gamma 1, and Gamma 3 rays (85, 85,
100, and 85 %. respectively) statistically improved

the survival % as compared to the higher doses of
different physical mutagens. However, the Shoot
length parameter was significantly increased as the
shootlets were subjected to different doses of UV
6, Mic 1 & 2, and Gamma 1, 2, & 3 ( 2.1, 1.73,
1.77, 2.40, 1.93, and 2.20 cm. respectively) about
others. On the other hand, significance
disappeared among treatments when Shoot
number, fresh weight, dry weight, and Necrosis
parameters were considered.

Table 6. Physical mutagenicity effect on morphological characterization.

Parameters Survival ShootL. Shoot Leaves FW DW Necrosis

Treatments % (cm) No. No. (cm) (cm)

uvi 85 ab 21ab 133a 4.33ab 1.08a 0.10a 4.67 a
uv 2 69 c 1.33ab 1.00a 355b 0.89a 0.10a 433a
uv 3 78 bc 21ab 217a 3.00b 1.03a 0.097 a 5.00a
Mic 1 85 ab 1.73ab 1.78a 3.66ab 201a 0.29 a 433a
Mic 2 77.33bc  1.77ab 183a 6.17ab 1.90a 0.25a 4.33a
Mic3 85 ab 1.10b 1.00a 3.60ab 1.93a 0.17a 4.00 a
Gamma 1 100 a 240a 1.33a 3.33b 131la 0.10a 5.00a
Gamma 2 83.33bc 1.93ab 1.00a 7.67 a 211a 0.28 a 4.33a
Gamma 3 85 ab 2.20a 1.10a 6.33ab 2.29a 0.15a 5.00 a

Means followed by the same letter within each column are not significantly different from each other at 1% level.
UV: ultraviolet rayes; Mic: Microwave; & Gamma: Gamma rayes
(UV1: 2 hours; UV2: 4 hours; UV3: 6 hours; Mic1:10 seconds; Mic2: 20 seconds; Mic3: 30 seconds; Gammal: 50 Gray;

Gammaz2: 75 Gray; & Gamma3: 100 Gray )
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Fig 11. Effect of different physical mutagens on Survival and growth parameters of Sour

orange shootlets.

3.2.4. Physical mutagenicity effect on
genetic variability's parameters of
Sour orange shootlets

Using 8 ISSR primers on Sour orange
shootlets were subjected to different doses of
physical mutagens (Control, UV2h, UV4h,
Gammal00Gy, and Micl) showed 64 variables
bands were of them 41 bands as polymorphic
(without Unique) with a ratio of 64.1%, while
found 11 unique bands with a ratio of 17.2% and
these bands ranged in size between 515 to 183bp
with mean of polymorphism 81.3%. An asset of
eight ISSR primers revealed 64 variable bands of
them 52 polymorphic with a ratio of 81.3% and 12
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bands as monomorphic with a ratio of 18.8%
among five sour orange genotypes.

A high polymorphism of 90% was scored
for primer 7, While a low polymorphism of 71.4%
was scored for primer 5. Meanwhile, primer 2
produced polymorphism at 87.5%, primer 6
scored 83.3% polymorphism, primer 3 scored
81.8% polymorphism, primer 8 scored 80%

polymorphism, primer 1 scored 77.8%
polymorphism, and primer 4 scored 75%
polymorphism. The total percentage of

polymorphic markers for eight primers in the
examined 5 accessions is 81.3%, which indicates
a high level of genetic variation among Sour
orange shootlets that were subjected to different
doses of physical mutagens.
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Table 7. Gel profile using eight ISSR primers; P1: P8 of five Sour orange Shootlets under physical mutagenesis.

Total Polymorphic Polymorphic

: Primers : Unique  Monomorphic ) Polymorphism Range size of
Primers code name Or}ukr)nat;edrs (L\jvr:fgag; bands bands U(r\ll\ilflqt:e) (%) bands (bp)
P1 HB12 9 5 2 2 7 77.8% 456:188
P2 HB13 8 6 1 1 7 87.5% 475:210
P3 TA-1 11 7 2 2 9 81.8% 468:218
P4 TA-3 8 5 1 2 6 75% 515:194
P5 17899B 7 4 1 2 5 71.4% 493:199
P6 UBC-823 6 5 0 1 5 83.3% 500:183
P7 UBC-811 10 6 3 1 9 90% 468:187
P8 UBC-810 5 3 1 1 4 80% 493:336
Total - 64(100%)  41(64.1%)  11(17.2%) 12(18.8%) 52(81.2%) 81.3% 515:183
Table 8.. Genetic markers under physical mutagens of five Sour orange Shootlets.
Genotypes No.
Primers MS(bp) Cont.  UV2h UV4h Gl%r(r)]gr?/a Micl Band type
P1(2) 640 1 1 1 1 0 Negative marker
315 0 0 0 0 1 Positive marker
P2(1) 435 0 1 1 1 1 Negative marker
P3(2) 560 1 1 1 1 0 Neg«:it_ive marker
412 0 0 0 0 1 Positive marker
P4(1) 270 0 1 1 1 1 Negative marker
P5(1) 410 0 0 0 0 1 Positive marker
815 1 1 1 0 1 Negative marker
P7(3) 430 0 0 0 1 0 Positive marker
310 1 1 1 0 1 Negative marker
P8(1) 580 1 0 0 0 0 Positive marker
Total(11) - 2 4 4 4 5 N-(6)&P+(5)
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-

Fig 12. ISSR-PCR of C.aurantium , Control, UV2h, UV4h, Gammal00Gy, and Micl via HB12
primer.

R

1O -

Fig 13. ISSR-PCR of C.aurantium , Control, UV2h, UV4h, Gammal00Gy, and Micl via HB13
primer

R

Fig 14. ISSR-PCR of C.aurantium , Control, UV2h, UV4h, Gammal00Gy, and Micl via TA-1
primer
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Fig 15. ISSR-PCR of C.aurantium , Control, UV2h, UV4h, Gammal00Gy, and Micl via TA-3
primer
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Fig 16. ISSR-PCR of C.aurantium , Control, UV2h, UV4h, Gammal00Gy, and Micl via 17899B
primer

Fig 17. ISSR-PCR of C.aurantium , Control, UV2h, UV4h, Gammal00Gy, and Micl via UBC-823
primer
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Fig 18. ISSR-PCR of C.aurantium, Control, UV2h, UV4h, Gammal00Gy, and Micl via UBC-811
primer

.o

oy

Fig 19. ISSR-PCR of C.aurantium , Control, UV2h, UV4h, Gammal00Gy, and Micl via UBC-810
primer

4. CONCLUSION Leaves number, Fresh weight, and Dry weight as

This study showed that BAP cytokinin is more well as Necrosis parameters were increased by
. o s )
effective in increasing proliferation than Kin. The using 0.50% v/v Colchicine as compared with

highest BAP concentration (3 mg/l) induced the most _othgr treatments. On _the other han(_j, the
best Shoot number among the others. the highest Vertification parameter was increased by using of

< o 0.04% v/v Sodium azaid as well as DES at 0.3%
statistical leaves number appeared as (1mg/l) of - ’
Kin was used in comparison with the other ?50t/° V/Vt’ a['Jd .COIC?'STS;t ((:)(:5:]/0 & 0_.10% V/\é
treatments under study. reatments. Using of 0.10% Colchicine improve

It has appeared that using the lowest most parameters under study i.e. Survival %,

concentration of DMS (0.10% v/v) induced the Shoot length, Leaves number, Dry weight, and

highest Survival percentage and Shoot length Necr03|ts_. I(—jlov_vev_(]ec_r, tTle le'[rrl]flcatlgn dparame_tder
parameters about other treatments. However, was noticed significantly with alf sodium azice

1 1 0, 0 0,
using Sodium azaid with different concentrations concentrations i.e. 0.08%, 0.06%, and 0.04% v/v

(0.04%, 0.06%, & 0.08% v/v) had a harmful effect as well as DES 0.3% & 0.5% v/v concentrations as
on Su,rvival ’percentages and Shoot length compared with the others. On the other hand,

parameters. On the contrary, Shoot number, Shoot number parameter showed no significance
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among chemical mutagens with different
concentrations involved in the study.

It was revealed using eight primers from ISSRs
with different Effects of chemical mutagens on
genetic variability. The ten genotypes revealed
high scour of bands by primerl and primer 6
showed eleven variable bands while primer2
revealed a little scour of bands where revealed six
bands.

Subjecting in vitro shootlets to different
physical mutagens at low doses of irradiation
either by UV2, Micl, or Gamma 1 rays was
statistically improved the survival% as compared
to the higher doses of different physical mutagens.
It is noticed that the Shoot length parameter was
increased as the shootlets were subjected to
different doses of UV, Mic 1 & 2, and Gamma 1,
2, & 3 among others. On the other hand,
significance disappeared among treatments when
Shoot number, fresh weight, dry weight, and
Necrosis parameters were considered.

Using eight ISSR primers revealed 49
polymorphic bands with a ratio of polymorphism
81.6 for five Sour orange shootlets under physical
effect were less than comparing with chemical
mutagenesis 88.4
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