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ABSTRACT: Salinity causes a decrease in plant growth and
productivity, and the problem of salinity increases with the worsening
impact of climate change. This work aimed to study the effect of the
physical mutants, laser and gamma rays, on the vegetative growth,
yield and chemical constituents of Foeniculum vulgare plants grown
under salinity stress condition, and their ability in inducing salt
tolerant mutant. Fennel seeds were irradiated with gamma rays (10
and 20 Kr) and laser (720 and 850 nm). Plants irrigated with saline
water at 238 ppm as control plant, 2000 and 4000 ppm. Both radiation
types especially gamma rays at 20 and laser at 720 and 850 nm
increased plant growth when irrigated with 2000 or 4000 ppm saline
water. Two plants were found with better growth under irrigation with
2000 ppm saline water, one was obtained from the treatment of 20 Kr
gamma rays and the other from 850 nm laser rays. ISSR and RAPD
markers distinguish the two mutants from control. Mutant 2 was more
genetically distinct from the control plant.

Keywords: mutants, fennel, antioxidant enzymes, salinity stress,
physical mutagen

INTRODUCTION

Fennel (Foeniculum vulgare Mill.) is an
annual, aromatic and medicinal herb
belonging to the family Apiaceae
(Umbelliferae). It is used in the food,
cosmetic and medical industries. (Khan and

Musharaf, 2014). Fennel has various
medicinal uses, including antispasmodic,
diuretic,  anti-inflammatory,  analgesic,

galactagogue, secretomotor, eye ointment,
and antioxidant remedy (Moura et al., 2005).
Fennel seeds are chewed, especially after
meals for freshening breath and being added
to some natural dental pastes. They help
soothe intestines and lessen indigestion-
related bloating. (Sarla, 2019).

Throughout the world, soil salinity has an
impact on agricultural output (Zorb et al.,
2004). Salinity issues can decrease yield and
quality of the products due to unregulated

irrigation, continuous cropping, excessive
fertilization, and low-quality water (Cansev
and Ozgur, 2010).

Few attempts have been made to improve
the fennel crop through genetic manipulation.
Because most seed spice crops, including
fennel, have modest levels of naturally
existing variability, so induced mutation
presents a potential alternative for crop
improvement. Induced mutation has been
widely used for a wide range of genetic
variability in a variety of crops and species.
Mutation breeding is usually utilized when
there is little genetic variability for a specific
feature in a gene pool. Physical mutagens that
cause mutations were the method that used to
create mutant kinds. Types of physical
mutagens include gamma rays, laser, and X-
rays.

Sixty-four percent of radiation-induced
mutant types were created using gamma rays,
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while twenty-two percent were created using
X-rays. Gamma rays are recognized as a
commonly employed mutagen in
electromagnetic radiation (Chahal and Gosal,
2002). Because of their easy application, high
mutation frequency, strong penetration,
reproducibility, and  energy.  Short-
wavelength gamma rays with strong
penetration strength interact with atoms or
molecules to create free radicals within cells.
The most effective physical mutagen for
inducing mutations in crop plants is gamma
radiation (Jan et al., 2011; Verma et al.,
2012).

Laser beam (non-ionizing radiation has
been demonstrated to stimulate the sprouting
process, plant growth and production of anise
plant (Okla et al.,, 2021). The physical
phenomena of laser stimulation depend on the
laser's capacity to both absorb and store the
light energy that is emitted by plant tissues
and cells. The similar phenomenon is seen
with seeds; they take in light energy, convert
it to chemical energy, and then use it later
(Aladjadjiyan, 2012). The energy from a
divergent laser beam, physiological and
biochemical processes can be altered,
improved field performance and crop
production (Qiu, et al., 2013). laser beam
stimulate plant growth and yield, it have an
impact on the enzymatic system, which may
speed up starch decomposition and seed
germination (Podle’sna et al., 2015),
photosynthesis,  transpiration  efficiency
(Cwintal et al., 2010; Wilczek et al., 2004;
Chen et al., 2005), and plant growth and
development (Cwintal et al., 2013; Wilczek et
al., 2005). Laser beams also have a mutagenic
effect, produce aberration in mitotic
divisions. Where Al Aboud (2023) stated that
all four phases of mitotic division showed a
broad range of chromosomal abnormality on
Vicia faba when treated with wavelength in
the visible region from 660 to 680 nm. One of
the most effective methods of biotechnology
breeding is the induction of mutations. A
novel and simple tool is laser beams
mutagenesis. Plant morphology, flowering,
chemical composition, and gene mutagenesis

can all be impacted by the laser irradiation
(Abou-Dahab et al., 2019)

Inter simple sequence repeat (ISSR) and
random amplified polymorphic DNA
(RAPD) markers have been shown effective
in studying the genetic diversity and
identifying mutants across various crops and
medicinal plant (Farajpour et al., 2011). ISSR
technique is highly sensitive for identifying
the alteration in DNA induced by laser
treatments (Osman and Rayan, 2020).

This investigation was done to study the
effect of the physical mutagens (laser and
gamma rays) on the vegetative growth, yield
and chemical constituents of Foeniculum
vulgare plants grown under salinity stress
conditions. Also, to study their ability to
produce salt-tolerant mutants and evaluate the
genetic differences using ISSR and RAPD
markers.

MATERIALS AND METHODS

This experiment was conducted at the
farm of the Faculty of Agriculture, Beni Suef
University  during two  consecutive
generations of 2020/2021 and 2021/2022.

Plant treatments:

Seeds of Foeniculum vulgare (local
variety) obtained from Qena governorate,
Egypt were irradiated with gamma rays at (0,
10 and 20 Kr) and laser beams at 720 and 850
nm. Dry seeds were treated with gamma rays
in the Atomic Energy Authority in Nasr City,
Egypt, on October 71, in the first generation
by exposing the treatment of 10 Kr for 30
minutes but the treatment of 20 K exposed to
gamma for 60 minutes. This was done using
Cs¥” gamma cells at the dose rate of 633
rad/s. Laser beams were treated in the
Institute of Laser Research and Applications
at Beni-Suef University, Egypt, on October
18", The laser pulses were delivered by a
mode-locked femtosecond Ti: sapphire MAI
TAIl HP laser (Spectra-Physics), and a
wavelength of 720 and 850 nm were used to
push laser pulses using an INSPIRE HF100
laser system for 3 minutes with average
power 860 mw.
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After the radiation treatments are
completed, irradiated and control seeds were
sown on 25 cm plastic pots containing clay
and sand (1:1). 360 seeds for each treatment
were used (9 pots and 40 seeds for each).

Seedlings were transplanted to plastic
pots (25 cm) filled with clay soil, after two
weeks the salinity stress irrigation treatments
(the control with tap water (238 ppm), 2000
and 4000 ppm) were done using 400 ml for
each pot and repeated as required during
seasons using sodium chloride which
obtained from Al-Nasr Chemical Company,
Egypt, was used. Chemical soil analysis is
shown in Table (1). The soil analysis was
performed by the method of Jackson (1973).

Open pollinated seeds were collected
from each treatment to obtain the seeds of the
second generation (M2) and the control seeds
were sown as done in the first generation
(except 20 seeds per each treatment per
replication were sown in the second
generation). Plants were harvested in the
second week of May in both generations

Layout of the experiment:

A split plot with three replicates in a
randomized complete block design (RCBD)
was followed (Gomez and Gomez, 1984). Salt
stress was designated as the main plot (A),
while both gamma and laser ray treatments
were put in the sub-plots (B). Therefore, the
interaction treatments (A x B) were 15
treatments 9 plants for each
treatment/replicate) in a total of 405 plants

Recorded data:
Growth characteristics:

At the flowering stage, the fresh and dry
weights of vegetative growth, length, and
fresh weight of roots, plant height (cm), stem

Table 1. Chemical soil analysis.

diameter (cm), and the number of branches
per plant were assessed. Upon maturity, the
weight of the fruits per plant and the quantity
of umbels per plant were calculated.

Chemical and biochemical estimations:

Using the SPAD meter device, the total
chlorophyll content (SPAD unit) was
calculated in accordance with Yadava (1986)
instructions. Proline content was assessed in
mg g dry matter using the methodology of
Bates et al. (1973). We used the Cottenie et
al. (1982) method to determine the amounts
of sodium and potassium in the herb. Fennel
fruit essential oil was measured using water
distillation methods according to the British
Pharmacopeia (1963) method, using 10 g of
fruits for three hours (except for mutants
where 1.0 g of fruits was used) to extract the
essential oil. The essential oil percentage was
determined according to Gad et al. (1963).

Antioxidant enzymes activity analysis:

Mukherjee and Choudhuri's (1983)
method was followed to obtain plant extracts
for enzyme activity analysis.

Peroxidase activity was assessed
following the method of Maehly and Chance
(1954).

The method of Aebi (1984) was used to
assess the peroxidase activity.

Genetic marker for identification the

variability:

Inter-simple
technique:

sequence repeat (ISSR)

Inter-Simple Sequence Repeat (ISSR)
was applied as a molecular fingerprinting
technique which designed to evaluate genetic
similarity within and among Foeniculum
vulgare samples. DNA extraction procedure

Chemical properties

Soluble nutrients

CaCoO3 E.C (dS/m) pH (1:2.5) P** (ppm) N* (ppm) K* (ppm)
1.0 0.51 7.60 0.04 10 257
Cations (meqg/l) Anions (meg/l)
Mg** Na* K* Ca** HCOs Cl SO4
1.2 2.4 0.04 1.4 2.6 2.5 0.01
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for total genomic of Foeniculum vulgare
samples was done as the protocol of GeneJET
Genomic DNA Purification Kit (K0721/
Thermo fisher). DreamTaq PCR Master Mix
(2X) (K1071, Thermo fisher. USA) was used
as manufacturer protocol to amplify ISSR
using four primers (Table, 2). In accordance
with Ramadan et al. (2019) whole genomic
DNA was amplified using a Gene Amp
Polymerase Chain Reaction (PCR) system
cycler as follows: first cycle 94 °C/2-minute,
thirty-five cycle( 94 °C/1-minute, 48 °C/2-
minute, and 72 °C/2-minute), and last cycle at
72 °C/7-minute. The degrees of primer
annealing were adjusted based on each
primer's melting point.

Random amplified polymorphic DNA
(RAPD) technique:

DNA isolation for total genomic
procedure for Foeniculum vulgare was done
in accordance with Omega Co. (USA. LMt.)
manufacturer's.

The whole genomic DNA was amplified
using a Gene Amp PCR system cycler. First
step is denaturation for five minutes at 94 °C.
The second step involved operating for 44
phases, each consisting of 1 minute of
denaturation at 94 °C, 1 minute of annealing
at 42 °C, and 1 minute of extension at 72 °C.
The third step involved a last extension cycle
that lasted seven minutes at 72 °C. The
product was held at 4 °C (Grover et al., 2011).
Four RAPD primers were used (Table, 3).

Then products of PCR were separated on
agarose gel electrophoresis using 1.2%
agarose solution that equipped by adding 0.75

g agarose for ISSR and 0.60 g agarose for
RAPD to 50 ml of 1x TBE electrophoresis
buffer. The electrophoresis was adjusted at 80
volts for 100 min. The gel stained with
Ethidium Dbromide for 30 min and
photographed using gel documentation
system (Geldoc-it UVP, England). Data was
analyzed using Totallab analysis software,
ww.totallab.com, (Ver.1.0.1).

Statistical analysis:

The CoStat application was used to
perform analysis of variance (ANOVA) of the
plant data that were obtained during two
generations (2020/2021 and 2021/2022). To
examine changes between treatments, the
least significant difference (LSD) was applied
at the 0.05 level of probability (Gomez and
Gomez, 1984).

RESULTS AND DISCUSSION

Growth characteristics:

Tables (4 and 5) show that, without
irradiation  treatments, the means of
vegetative growth characteristics were
decreased with increasing salinity stress and
this decrease was significant in most cases.
Gao et al. (2016) concluded that salt stress
had a negative impact on the growth and
development of seedlings. When compared to
control, there was a noticeable increase in
ROS levels and genomic DNA damage.

As the main effect, gamma rays at 20 kr
and laser at 850 nm significantly increased the
plant height compared to control (51.0, 50.2
and 41.3 cm respectively in the first
generation and 64.0, 56.0 and 51.2 cm in the

Table 2. Primers code, name, sequence of the used four ISSR primers.

ISSR primer code ISSR primer name

ISSR primer sequence

Primer 1 49A
Primer 2 44B
Primer 3 HB-9
Primer 4 HB-11

CACACACACACAAG
CTCTCTCTCTCTCTCTGC
GTGTGTGTGTGTGG
GTGTGTGTGTGTCC

Table 3. Primers code, name, sequence of the used four RAPD primers.

RAPD primer code RAPD primer name

RAPD primer sequence

Primer 1 GCC-176
Primer 2 GCC-60
Primer 3 GCC-90
Primer 4 GCC-176

CAAGGGAGGT
TTG GCCGAGC
GGG GGT TAG G
CAAGGGAGGT
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second generation. These findings also were
found for all other vegetative traits in the M2
generation and stem diameter and root length
in the first generation. The treatment of 20 kr
gamma rays gave the best results compared to
control for number of branches per plant,
while gamma rays at 10 kr gave the best result
for fresh weight of vegetative growth, both
dosages of gamma were the most effect for
root fresh weight and stem diameter in the
first generation. The highly significant effect
of irradiation treatments appeared when
plants irrigated with saline water at 4000 ppm
for all vegetative growth traits except for root
length in the second generation where no
significant  differences found for the
interaction between factors. Also, no
significant differences were found between
irradiation treatments for dry weight of
vegetative growth in the M2 generation.

Number of umbels per plant was
increased significantly with all irradiation
treatments as the mean effect of irradiation or
at 4000 ppm salinity stress in the first
generation. Whereas in the second one, both
850 nm laser and 20 kr gamma rays
significantly increased this trait compared to
control (9.22, 7.0 and 6.0 umbels/plant,
respectively) as the mean effect. However, at
4000 ppm salinity stress, the 850 nm laser
treatment was the most effective one.

Fruits weight per plant increased
significantly when plants were irradiated with
laser at 850 nm in both generations as the
main effect compared to non-irradiated plants
(4.3 and 2.6 for M1, 1.2 and 0.9 for M2). It
increased by 65.3 and 33.3% in the first and
second generations respectively. As the
interaction effect, both laser treatments
significantly increased the seeds’ weight
when plant irrigated with saline water at 2000
ppm (4.4, 6.3 for M1 and 1.8, 1.7 for M2)
compared to non-irradiated ones (2.4 and 0.9
for M1 and M2 respectively). In the second
generation, gamma rays at 20 kr also
significantly increased the fruits weight when
plants irrigated by 2000 ppm saline water.
While at 4000 ppm saline water, no
significant effect between irradiated and non-

irradiated plants in both generations was
obtained. The stimulating effect of gamma
and laser on plants grown under salt stress
was also found by Moemen (2012), Gao et al.
(2015) and Khatiyar et al. (2022). He-Ne laser
irradiation increased plant growth by
reversing physicochemical characteristics,
improving cell viability, ameliorate cell wall
polysaccharide damage and DNA repair and
associated resistance gene expression pattern
(Gao et al.,, 2016). Enhanced vegetative
growth with laser treatment might be due to
the response of phytochrome which modulate
the red light spectrum (Thorat, 2024). Low
doses of gamma rays stimulated plant growth
characteristics in green bean plant as the
effect of changes in phytohormones as GAs
and 1AA (Moemen, 2012).

No fruits found in the M2 generation
when plants irrigated with 4000 ppm saline
water and irradiated with 10 kr gamma rays.
This may be due to the mutagenic effect of
gamma rays. Differences between 1% and 2"
generations means may be due to seasonal
effect as a climate change effect (Epa, 2021)

Chemical and biochemical estimations:

Oil percentage decreased significantly
with increasing salinity stress in the absent of
irradiation treatments as shown in Table (6).
While it increased significantly using laser at
720 nm as the mean effect in the M2
generation (13.3 and 11.33, respectively). The
interaction effect between salinity and
irradiation for M2 generation, gamma ray at
20 kr increased oil percentage when irrigated
with tap water. Plants irrigated with 4000 ppm
saline water gave the highest oil percentage
when irradiated with laser at 720 nm
compared to non-irradiated plant (11.0 and
7.0, respectively). Both laser treatments
increased slightly oil percentage when plant
irrigated with 2000 ppm saline water (13.0
and 13.5) compared to non-irradiated plants
(10.0) while no increment appeared in the M1
generation at 4000 ppm saline water. Plants
treated with 850 nm laser and irrigated by
4000 ppm gave atrophic seeds and no oils
were extracted.
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Irradiated plant with 10 kr gamma rays
increased significantly chlorophyll content as
the mean effect in the M1 generation. Laser at
850 nm combined with 4000 ppm saline water
and both laser treatments and 10 kr gamma
rays combined with 2000 ppm saline water
increased chlorophyll content of plants in the
M1 generation. In the M2 generation, 10 kr
gamma rays and both laser treatments slightly
increased chlorophyll content when plants
irrigated with 4000 ppm. While at 2000 ppm
salinity, gamma rays at 20 kr increased
significantly chlorophyll content.

Sodium content increased with increasing
salinity stress in the absence of irradiation
treatments as shown in Table (7). At 2000
ppm salinity stress, both dosages of laser in
the M1(191.66 and 146.66) and 20 kr gamma
rays in the M2 (218.33) decreased sodium
content compared to non-irradiated plants
(236.66 and 222.33 respectively). The
irradiation enables plants to obtain
mechanisms to transport sodium outside the
cell to maintain it at the down level (Khatiyar
etal., 2022).

Potassium content slightly increased by
20 kr gamma ray in the M1 and both dosages
of laser in the M2 generation at 2000 ppm
salinity stress. While 10 kr gamma in the M1
and both laser dosages were more effective in
increasing potassium content.

Potassium is one of osmotic regulators
and maintains the turgor of the cell, reduce
cell acidity and free radicals (Khatiyar et al.,
2022). Saline stress removes ions of
potassium from root of plant so affecting on
the synthesis of protein which cause
physiological imbalance and decreased
growth and yield (Chen et al., 2007). Gamma
rays enhanced protein synthesis under salinity
as reported by (Ling et al., 2008).

No significant differences were found for
proline content in both generations. But it can
be seen that proline content increased
significantly when the plant were irrigated
with 2000 ppm saline water and decreased
when irrigated with 4000 ppm in both
generations.  All irradiation treatments

increased proline content in both generations
except for 850 nm laser in the M1 as the mean
effect. The same result was found when the
plant irrigated with 4000 ppm saline water
except for 20 kr gamma rays in the M2
generation.

Verslues and Sharma (2010) reported that
the proline increases in the plant under salt
stress as a result of increase the expression of
P5CS and P5CR genes and reduced in the
expression of PSCDH gene. Low level of
gamma rays increased the system of plant
defense. It decreases lipid peroxidation, and
membrane deterioration in plants suffering
from salt stress

Salinity reduces growth and yield as it
affects many metabolic operations including
the inhibition of the synthesis of nucleic acid
and protein, decreasing conductivity of
stomata, transpiration, photosynthesis and
water use efficiency, decreased chlorophyll
synthesis, increased uptake toxic ions in the
cell and alter gene expression. Numerous
researchers observed an increase in amino
acids, particularly proline, in plants under salt
stress. Proline acts as a free radical scavenger
as well as a carbon and nitrogen storage sink
(Moemen, 2012). Gamm rays are used to raise
abiotic stress tolerance cultivars and change
qualitative and quantitative  attributes
(Khatiyar et al., 2022). Gao et al. (2016)
referred to the effect of laser in the
enhancement plant tolerance through plant
height, biomass, antioxidant biosynthesis,
chlorophyll content and root length

Antioxidant enzymes activity:

Table (7) indicates that there were no
discernible  variations in the second
generation's for catalase activity.
Furthermore, no notable differences were
discovered in the mean effect of radiation
treatments for peroxidase activity. While
significant differences were found for
interaction  effect  between  salinity
concentration. It increased significantly with
increasing salinity stress up to 2000 ppm then
it decreased peroxidase activity.
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At 4000 ppm salinity stress, 20 kr gamma,
720 and 850 nm laser decreased significantly
peroxidase activity (2.85, 3.15 and 2.55)
compared to non-irradiated plants (4.2).

These results are in line with the results in
plants at 2000 ppm due to natural acclimation
and defense mechanism during stress (Thorat
et al., 2024)

Plants are severely impacted by salinity
due to the production of reactive oxygen
species (ROS) that cause cellular and
molecular damage. By closing stomata, it
impairs photosynthetic activity. Additionally,
it degrades chlorophyll and induces
membrane lipid peroxidation, which alters the
fluidity and selectivity of the membrane
(Munns and Gilliham, 2015).

Thorat et al. (2024) reported that laser
reduced the harmful effect following salt
stress by lowering the antioxidant system's
activity.

Induction of variation:

Two salt-tolerant mutants were obtained
in the second generation. The mutant 1 (M1)
was found from the treatment of 20 Kr gamma
rays coupled with 2000 ppm saline water. The
mutant 2 (M2) was obtained from the
treatments of 850 nm laser coupled with 2000
ppm saline water. The two mutations were
superior in most of the traits that were studied
(plant height, stem diameter, number of
branches, fresh and dry weights of vegetative
growth, length and fresh weight of roots,
number of umbels per plant, fruits weight,
potassium content, oil vyield per plant)
compared to C2000 that non-irradiated plants
and irrigated with the same saline water (2000
ppm) as shown in Table (8). While they have
decreased proline content, catalase, and
peroxidase activity. Mutant 1 has sodium
content similar to that of the control plant
(untreated with salinity or radiation).

Salinity-tolerant plants have less content
of proline compared to control (Khatiyar et
al., 2022).

Using mutagenesis, Uddin et al. (2007)
on rice also produced lines that were resistant

to salt. According to Gao et al. (2016), pre-
illumination with a He-Ne laser increased the
salt tolerance of tall fescue seedlings by
upregulating the expression levels of many
genes related to antioxidant enzymes and the
phytochrome B gene.

Laser produced aberration in the mitotic
cell division as stickiness, bridge, non-
disjunction, laggards, binucleate, polyploidy
and nuclear polymorphism, these findings
produced changes in germination and plant
growth (Al Aboud, 2023).

Previous studies on gamma radiation

have already documented its beneficial
benefits, which include increased plant
germination growth rate, cell division,

enzymatic activity, stress tolerance, and
production of mutations. (Moemen, 2012).
Khatiyar et al. (2022) reported that 496
mutant strains of Oryza sativa were produced
from gamma ray treatments. These mutants
were abiotic stress tolerant and improved
growth and yield. The two mutants have less
proline accumulation compared to non-
irradiated plants. These results are in the line
with the findings of Munns and Tester (2008).
Also have less content of enzyme activity.
This need to more studies to obtain the
mechanism of their resistance.

Genetic marker:
ISSR finger printing:

Inter simple sequence repeat marker was
used to identify the two Foeniculum mutants
found in the M2 generation as a salt tolerant
and control plants.

Mutant 1 is a plant obtained from the
treatment of gamma rays at 20 Kr and
irrigated with saline water at 2000 ppm.

Mutant 2 is a plant obtained from the
treatment of laser at 850 wavelength and also
irrigated with saline water at 2000 ppm.

Four primers were used. A total of 5I
amplified bands were found with sizes
ranging from 950 to 1650 base pairs (bp),
bands were polymorphic with 67.25%
polymorphism as shown in Table (9).
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Table 8. Comparison of the two mutants developed from gamma, laser rays and salt stress

with untreated fennel plants.

Traits C C2000 M1 M 2
Plant height (cm) 62.6 50.0 100 96
Stem diameter (cm) 0.35 0.26 0.8 0.5
No. of branches 8.0 8.0 9.0 6.0
Fresh weight of vegetative growth (g) 19.6 18.7 29.1 40.46
Dry weight of vegetative growth (g) 3.55 2.73 9.63 7.7
Root length (cm) 27.1 21.7 22 20.3
Root fresh weight (g) 5.7 4.7 8.04 7.17
No, of umbels 7.0 5.66 9.0 7.0
Fruits weight (g) 1.2 0.9 15 2.5
Sodium content (ppm) 178.3 222.33 180 225
Potassium content (ppm) 33.33 19.33 20 27
Proline (mg g dry matter) 0.63 0.93 0.5 0.63
Oil percentage % 1.6 1.1 1.3 1.0
Peroxidase activity [unit min g fresh matter] 2.1 4.65 0.26 0.18
Catalase activity [unit min* g - *fresh matter] 0.35 5.40 0.09 0.11

C: control (untreated plants), C2000: the treatment of 0.0 radiation coupled with 2000 ppm saline water,
M1: mutant 1 (20 Kr gamma rays coupled with 2000 ppm saline water) and M2: mutant 2 (850 nm laser

coupled with 2000 ppm saline water).

Table 9. Number of amplified bands, number of polymorphic bands and polymorphism
% detected by ISSR marker in the M2 generation of fennel (Foeniculum vulgare)
plants treated by gamma, laser rays and/or salt stress.

ISSR primer code Number of amplified bands Number of polymorphic bands

Polymorphism %

Primer 1 14
Primer 2 14
Primer 3 9
Primer 4 14
Total 51
X 12.75

11 78.57
13 92.85
3 33.33
9 64.28
36 ---
9.0 67.25

The primer3 (HB-9) gave the lowest
number of amplified band (9) and
polymorphic band (3) with the 33.33%
polymorphism as shown in Table (10).

On the other hand, all the other primers
gave the same number of amplified bands
(14) but differ from each other in the number
of polymorphic bands (11, 13 and 9 for
primerl, primer2 and primer4 respectively).

Fig. (1) indicated that the primer 49 A
generated three PCR bands (DNA fragment)
occurred in all mutants and control plant,
these bands are species-specific band, which
identifies the species of Foeniculum. The
primer 44B generated one species-specific
band. The primer HB-9 gave five bands, but

primer HB-11 gave four species-specific
bands.

The bands 1650, 425, 275, 220 and 125
bp were found only in the mutant 2 using
primer 49A and only one band 350 and 375
bp using the primer 44B, HB-9 respectively.
While primer HB-11 presented five
polymorphic bands (1000, 325, 220 and 950
base pair designated for mutant 2 only. So,
they can used to identify this mutant.

Mutant 1 can be identified by the unique
bands (950,800, bp using primer 49A, 800,
375 and 200 bp bands using primer 44B and
125 bp band using primer HB-11 while the
primer HB-9 did not give any extra band
designated to mutant 1.
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Table 10. Genetic similarity between control and mutants of fennel (Foeniculum vulgare)
plants obtained by gamma, laser rays and/or salt stress using ISSR marker

with four primers.

Primer . Primer Primer Average genetic

Mutants 49A Primer 448 HB-9 HB-11 distance
Control x Mutant 1 12.0 50.0 6.7 125 20.3
Control x Mutant 2 47.0 80.0 20.0 31.9 44.7
Mutant 1x Mutant 2 46.0 50.0 12.5 47.4 39.0

&

U i L) 1] 1

T Primer 49A Primer44B PrimerHB-9 PrimerHB-11

«C MIM2CMIM2C M1 M2C M1 M2

r,

a

|

2000 bp

1000 °P
750 bp

500 bp
250 bp

100 bp

Fig. 1. ISSR genetic marker using four primers (Primer 49A, Primer 44B, Primer HB-
9 and Primer HB-11) for M2-generation of fennel (Foeniculum vulgare) treated
with gamma and laser rays and grown under salt stress; C: control, M1: mutant

1, M2: mutant 2.

On the contrary, some bands disappeared
from mutants compared to control the band
925 bp disappeared from the mutant 1, the
bands 250, 200 and 100 bp disappeared from
that mutant 2 using the primer 49A .

The bands 1400, 350 and 275 bp
disappeared from mutant 2 and the bands 220
and 125 disappeared from the two mutants
compared to control using the primer 44B.

One band (325 bp) disappeared from
mutant 2 using primer HB-9. The band 800 bp

disappeared from the two mutants using the
primer HB-11.

These bands can be identified as the
mutants. Genetic distance in Table (10) and
phylogenetic tree (Fig., 2) indicated that,
mutant 2 was more genetically distinct from
the control with 44.7 genetic distance. The
mutant 1 was less genetically distant from the
control with a 20.3 genetic distance and
constructed in one group.
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Mutant 2

Mutant 1

Control

Genetic Distance

10 15 20

Fig. 2. Tree diagram for M2 generation of fennel (Foeniculum vulgare) plants treated by
gamma, laser rays and/or salt stress using ISSR marker with four primer.

These results refer to the mutant effect of
laser and gamma rays.

RAPD marker:

Random amplified polymorphic DNA
marker was also used to identify the two
Foeniculum mutants and control plants using
four primers. The results revealed that a total
of 70 amplified bands were found with sizes
ranging from 100 to 1000 base pairs (bp), 65

bands were polymorphic with 93.3%
polymorphism as shown in Table (11).
The primer 4 gave the highest

polymorphism percentage (100) generated
from 16 amplified bands, while primer 2 gave
the highest number of amplified and
polymorphic bands (22 and 19 respectively)
with 86.3% of polymorphism %.

Some bands disappeared from mutants
compared to control plants and others
generated only on each of the mutants and
disappeared from control plants using all
primers these bands can used to distinguish
the mutant plant (Fig., 3).

Genetic distance in Table (12) and
phylogenetic tree Fig. (4) referred to that, the
two mutants were differed genetically from
control plant and constructed in one group.
The mutant 2 was more genetically different
from control compared to mutant one with a
genetic distance 73.3 and 58.6 and an average
similarity value of 26.7 and 44.3 respectively.

These results obtained that RAPD and
ISSR markers can used to identify mutants of
foeniculum vulgare .

Gamma ray is a mutagenic agent. It
creates many DNA aberrations, chromosomal
breakage, deletion  substitution, and
rearrangement. So, it can develop plant
tolerance to abiotic and biotic stress (Song et
al., 2012).

The laser is a mutagenic agent that caused
aberration in cell division (Al Aboud, 2023).
It enhanced salt tolerance probably via
interaction ~ between  resistance  gene
expression and cell wall (Gao et al., 2016).
ISSR markers have investigated the influence
of laser on moringa. It showed the appearance
and/or absence of some bands. ISSR markers
are used as a very sensitive method to
distinguish the variability produced after laser
treatments (Osman and Rayan, 2020). RAPD
and ISSR markers are important in evaluating
genetic relationships (El-Sherif et al., 2019
and Harb et al., 2019).

CONCLUSION

This study looked at how physical
mutations, such as laser and gamma rays,
affected the yield, vegetative growth, and
chemical composition of fennel plants
growing under salt stress. Additionally, it
aimed to research their capacity to generate
salt-tolerant mutants and assess the genetic
variations using RAPD and ISSR markers.
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Table 11. Number of amplified bands, number of polymorphic bands and polymorphism
% detected by RAPD marker in the Mz generation of fennel (Foeniculum
vulgare) plants treated by gamma, laser rays and/or salt stress.

, Number of amplified Number of o
RAPD primer code band polymorphic band Polymorphism %
Primer 1 18 17 94.4
Primer 2 22 19 86.3
Primer 3 14 13 92.8
Primer 4 16 16 100
Total 70 65
X 17.5 16.25 93.3
;1 ;_5
u . - . .
9 primer 1  primer 2 5 primer3 primer 4
«C M1 M2C M1 M2 « C M M2C M1 M2
5 5
1000 bp
900 bp
800 bp
700 bp
600 bp
500 bp
400 bp
300 bp
200 bp
100 bp

Fig. 3. RAPD genetic marker using four primers for Mz-generation of Fennel
(Foeniculum vulgare) treated with gamma and laser rays and grown under salt
stress; C: control, M1: mutant 1, M2: mutant 2.

Table 12. Genetic distance between control and mutants of fennel (Foeniculum vulgare)
plants obtained by gamma, laser rays and/or salt stress using RAPD marker
with four primers.

Mutants Primer Primer Primer Primer Averz_ige genetic
1 2 3 4 distance
Control x Mutant 1 54.6 60.0 57.2 62.5 58.6
Control x Mutant 2 64.8 75.0 71.5 81.8 73.3
Mutant 1x Mutant 2 84.6 21.8 40.0 76.5 55.7
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Fig. 4. Based on the ISSR profile obtained from four RAPD primers, a tree diagram
was created for the M2-generation of fennel (Foeniculum vulgare) plants that
were cultivated under salt stress and treated with gamma and laser rays.

Results indicated that both laser
treatments at 720 and 850 nm and gamma rays
especially at 20 Kr enhanced fennel plant
growth and induced two mutants that were
more tolerant to salinity. Both RAPD and
ISSR markers were used successfully to
identify mutants from the control plant.
Further investigation is necessary to
comprehend the mechanism underlying the
effects of laser and gamma rays on improving
fennel plant growth and yield under salt
stress.
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