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Abstract

Mutation stimulation is a viable and well-established breeding approach for plants enhancement, induction
bioactive compounds, and genetic variety generation to create novel plant mutants. The objective of this study
was to mutate Gardenia jasminoides Ellis plant by gamma radiation (0, 15, 20, 25, 30, 35, and 40 Gy) as well as
to determine the morphological and biochemical parameters of in vitro and in vivo treated plants. Consequently,
the study has to detect the genetic diversity of the obtained mutants. The results indicated that gardenia plant
irradiated with gamma at dose of 15 Gy showed the greatest growth rate. In addition, the maximum contents of
chlorophyll (a, b) and carotenoids were detected in shootlets mutated with 15 Gy of gamma rays. Whereas, the
highest total phenolic (TPC) and flavonoid contents (TFC), anthocyanin amounts, and antioxidant capacity were
found in shootlets exposed to 40 Gy of gamma rays in vitro and in vivo. Furthermore, the suspected genetic
variation in Gardenia jasminoides Ellis after treatment with y-irradiation was evaluated using inter-simple
sequence repeat (ISSR) analysis which produced a total of 98 bands, with percentage of polymorphic bands
ranging from 30 to 60%. According to the similarity matrix, the dendrogram was constructed into three clusters.
Consequently, the results concluded that y-irradiation of Gardenia jasminoides Ellis has given a sufficient
number of induced mutations. Subsequently, the ISSR analysis has provided a powerful molecular marker for
identifying mutants. Therefore, the in vitro y radiation-induced mutation could be a useful technique for assisting
breeding programs for new Gardenia cultivars.
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1. Introduction in several genotypes [4, 5]. In the last years, many

Gardenia jasminoides Ellis is a member of
the Rubiaceae family, and it was found originally in
tropical and subtropical regions, particularly in Japan
and China [1, 2]. Gardenia jasminoides Ellis is an
ornamental plant, sometimes known as Cape jasmine
or gardenia. It is an evergreen plant. It’s commonly
grown in a garden. It is also a medicinal plant
because it exhibits a wide range of biological activity
in vitro and ex-vitro. It has antioxidant, anti-
inflammatory, antihypertensive, and antidepressant
effects. Wounds, hepatitis, and fever are also treated
with it [3, 1].

Application of micropropagation has been
employed commercially over the world, even though
the ability for plant regeneration varies significantly

agents regulating plant regeneration have been tested,
for example, exogenously supplied phytohormones in
vitro, physiological properties of the donor plants [6],
mineral uptake, and their distribution patterns [7]. In
vitro, culture techniques have been widely utilized to
induce mutation in plants for various purposes,
including enhancing plants by increasing genetic
diversity and choosing mutants as potential sources
for developing new cultivars [8]. In vitro breeding of
mutation can solve challenges when developing
superior new cultivars for sustainable ornamental
plants production without disease spread. Since the
discovery of this tool, great varieties for commercial
cultivation have been generated [9].
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Genetic variation is vital for breeding and
selecting the stronger genotypes to gain access to
inventive genetic makeup and generate unique and
superior cultivars [10]. Several energy rays, for
example o, y and pB-rays, as well as protons and
neutrons, are commonly utilized in mutation
breeding. Gamma rays are the most effective ionizing
radiation for producing mutants in plants, as they can
cause large numbers of mutations. As well; Gama
rays were chosen as a mutagenesis agent because
they have a higher level of precision, a high
absorption power for plant biological material, and
can ionize the molecules they travel through [11]. In
addition, plant breeders prefer to use gamma
radiation as a physical mutagen. The species,
cultivars, mostly determine radiation’s impact age of
the plant and its physiological, morphological, and
genetic  structure. lonizing radiation produces
constructer and functional alteration in DNA, which
have implications at the cellular and systemic levels.
Base changes, substitutions, and deletions, and
chromosomal aberrations are all examples of DNA
modification as Dianthus, and Tulip [12, 2]. They
could significantly change physiological parameters
to generate novel mutants with superior properties,
such as those that can create greater levels of
commercially important metabolites resulting in
agriculture and economically valuable types with
high productivity potential [13]. Also, radiation is
one of the most effective mutagenic agents, having
caused mutants breeding in a variety of ornamental
plants and crops [12]. Additionally, it was a fantastic
way to stimulate the expression of recessive genes,
resulting in a novel genetic variety [14]. In addition,
there is little information on new mutant variants with
novel important parameters in gardenia cultivars.
Therefore, the main purposes of this work were to
investigate the effect of gamma irradiation on
shooting, rooting behavior, and acclimatization.
Furthermore, using gamma radiation as a mutagen to
obtain novel cultivars variants and to estimate the
secondary metabolism and genetic diversity of the
obtained Gardenia jasminoides Ellis mutants.

2. Materials and Methods

This study was carried out for two years
(2021 and 2022) on Gardenia jasminoides Ellis at
Central laboratories Network, Tissue Culture
Technique laboratory, Dep. of Ornamental Plants and
Woody Trees National Research Centre (NRC),

Egypt.

2.1. Plant material

The mother plants (2 years old) of gardenia
were collected from the nursery of Central
laboratories, Department of Ornamental Plants and
Woody Trees, National Research Centre (NRC).
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2.1. 1.Surface sterilization of explants

The explants (stem node) were excised from
mother plants were used (1cm in length) and washed
using soapy water for 30 minutes followed by one
hour under running tap- water. They were rinsed then
treated in ethyl alcohol 70% (v/v) for 30 sec., sodium
hypochlorite 6% (Clorox) for seven min, then HgCl,
0.2g/1 for five min., and then washed 3 times with
sterilized distilled water under aseptic conditions.

2.1.2. Incubation conditions

All cultures of the different experiments
were incubated at 25+2 °C and 16h day/ 8h dark
photoperiod at the light intensity of 2000 lux from
cooling white florescent lamps in a growth room
[15].

2.1.3. Multiplication stage

Stem nodes of Gardenia were cultured on
MS medium [16] added with1mg/l BA and 0.2 mg/l
IBA. Developing shoots were obtained from culture
medium at the end of 2 month on the same media
treatments. Stem nodes (2-4 leaves, 4-5 cm in length)
were exposed to gamma rays at different doses (0, 15,
20, 25, 30, 35 and 40 Gy), the irradiated shoots were
sub-cultured on MS medium added with 1mg/l BA
and 0.2 mg/l IBA for in vitro propagation. Each
treatment of irradiation dose consisted of six jars
containing three shoots in each jar. The collected data
were determined monthly for three times by sub
culturing: length of shoots, number of shoots, and
number of leaves.

2.1.4. Rooting stage

Shoots of Gardenia (4-6 cm in length with
4-6 leaves) were exposed to gamma rays at different
doses (0, 15, 20, 25, 30, 35 and 40 Gy) then cultured
in vitro on MS medium supplemented with 1mg/l BA
and 1.2 mg/l IBA to improve roots formation
percentage. Number of roots, root length (cm), leaf
area cm?, was recorded after final sub-culture.

2.2. Acclimatization at the greenhouse
2.2.1. Pre- acclimatization

The obtained rooted plantlets were washed
from agar medium and cleaned with running water,
and soaked for 10min., in fungicide solution and
bactericide of 1 gr/l each separately, then planted in
an acclimatization medium consisting of peatmoss
and perlite at a ratio of 1:1 (v:v) separately in one
bottle. After that, the pots with clear transparent
plastic sheets were covered for two weeks. Gradually,
the plastic covers were removed to reduce the
humidity and acclimating plantlets to greenhouse
conditions, after 4 weeks the gardenia was then
transferred to 15 cm plastic pots containing a medium
filled with a mixture from peatmoss, clay, and perlite
with 1:1:1 ratio for post acclimatization in the
greenhouse of National Research Centre. the survival
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percentage was determined in the stage of pre and
post acclimatization.

2.2.2. Post- acclimatization

During this stage, the data include plant height
(cm), number of branches/plant, number of
leaves/plant, and leaf area (cm?)/plant were recorded,
after two months from starting the acclimatization.

2.3. Gamma irradiation

The irradiation capability was tested
utilizing Cesium 137 as a gamma rays source at a rate
of 0.658 rad secG1 at Atomic Energy Commission-
united irradiation-Gamma, Nasr city, Egypt.

2.4. Determination and extraction
2.4. 1. Photosynthetic pigments

Chlorophyll a, b and total carotenoids were
determined according to (Saric et al., [17]), were
determined in vitro and in vivo.

2.4.2. Anthocyanin content

For anthocyanin pigment determination, the
extraction was done with an ethanol hydrochloric
acid solution (85 ml ethanol 95% + 15 ml 1.5 N HCI)
according to the method of (Fuleki and Francis, [18]),
were recorded in vitro and in vivo.

2.4.3. Antioxidant activity, total free amino acids
and total phenolic content

Measured in terms of hydrogen-donating or
radical- scavenging ability, using the stable radical
DPPH according to Brand- Williams et al., [19].
Total free amino acids content in fresh shoot was
determined by using ninhydrin reagent according to
Moore and Stein [20]. Total phenolic content (mg /g
F.W.) of each treatment were determined in the fresh
plant samples according (Swain and Hillis,[21]), were
determined in vitro and in vivo.

2.4.4. Flavonoids content and total sugar (mg /g
F.W.)

Determined flavonoids content in the fresh
plant samples according to Quettier et al., [22]. Total
sugar of each treatment described by Dubois et al.,
[23], were recorded in vitro and in vivo.

2.5. Statistical analysis

The data were investigated using a randomized
complete design with three replicates per each
treatment and were showed using COSTATV-63
(Duncan [24]), one way ANOVA (analysis of
variance) was used to estimate the significance by
new multiple range tests at p<0.05.
2.6. ISSR-PCR analysis

Amplification and analysis of ISSR-PCR for
Untreated and mutants gardenia plants, Kit cat no #
69104 (Qiagen Sciences, Maryland, USA) was used
to extract genomic DNA from these plants according
to the manufacturer's instructions. To detect
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polymorphism between untreated and treated plants,
ten common ISSR-PCR primers were employed as
described Table (1).The amplification reaction was
performed in 25 pl reaction volume containing 12.5
ul Master Mix (sigma), 2.5 ul primer (10pcmol), 3 ul
template DNA (10ng) and 7 pl dH;0, according to
(Ibrahim et al., [25]2019). PCR amplification was
performed in a Perkin-Elmer/GeneAmp® PCR
System 9700 (PE Applied Biosystems) programmed
to accomplish 40 cycles after an initial denaturation
cycle for 5 min at 94°C. Each cycle consisted of a
denaturation step at 94°C for 1 min, an annealing step
at 45°C for 1 min, and an elongation step at 72°C for
1.5 min. The primer extension segment was extended
to 7min at 72°C in the final cycle. The amplification
products were resolved by electrophoresis in a 1.5%
agarose gel containing ethidium bromide (0.5ug/ml)
in 1X TBE buffer at 95 volts. PCR products were
visualized on UV light and photographed using a Gel
Documentation System (BIO-RAD 2000).For ISSR
analysis, only clear and unambiguous bands were
visually scored as either present (1) or absent (0) for
all samples and final data sets included both
polymorphic and monomorphic bands. Then, a binary
statistic matrix was constructed. Dice’s similarity
matrix coefficients were then calculated between
genotypes using the unweighted pair group method
with arithmetic averages (UPGMA). This matrix was
used to construct a phylogenetic tree (dendrogram)
was performed according to Euclidean similarity
index using the PAST software Version 1.91
(Hammer et al., [26]).

Table 1. ISSR primers were used in the detection of
polymorphism

Primer Sequence
Name
ISSR-1 5-ACGACGACGACGACGACC-3'
ISSR-2 5-AGAGAGAGAGAGAGAGYG-3'
ISSR-4 5-ACACACACACACACACYG-3
ISSR-5 5-GTGTGTGTGTGTGTGTYG-3'
ISSR-6 5-CGCGATAGATAGATAGATA-3'
ISSR-7 5-GACGATAGATAGATAGATA-3'
ISSR-9 5-GATAGATAGATAGATAGC-3'
ISSR-10 5-GACAGACAGACAGACAAT-3'
ISSR- 11 5-ACACACACACACACACYA-3
5-ACACACACACACACACYC-3
3. Results

Effect of gamma radiation on regeneration in vitro
and plant development

3.1. Shooting ability in vitro

The explants of tested Gardenia jasminoides Ellis
responded variously to the utilize y irradiation
concentration with the maximum explant survival
rate 100% at 15 Gy and control in all sub-cultures. In
contrast, the 40 Gy doses decreased the explant
survival level (rate) by 50, 66.6, and 50% in the first,
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second and third sub-cultures compared with
untreated shootlets and other doses (Table 2).
Similarly, the 40 Gy dose reduced the shoot number
and leave number in all sub-cultures. Whereas, the 15
Gy doses increased the shoot length, shoot number,
and leave number in all sub-culture. Overall, the
Gardenia jasminoides Ellis treated with 15 Gy was
considered more tolerant to (GR) treatments than
other tested doses. A high explant survival level is
important to establish optimized mutagenesis
platform application gamma rays. All doses of
gamma rays in all sub-culture induced moderate
impact on phenotypic principles as comparable with
untreated treatment (Table 2 and Figurel).

3.2. Induction of rooting in vitro

Data presented in Table 3 , Figure land 3.,
tabulated that exposure of explants to gamma rays at
the concentration 15 Gy resulted in the highest root
percentage (88.87%),the most extended root length
(3.51cm),and the most significant values for the
number of roots (4.00). While, the largest leaf area
was obtained from the explants treated with (15Gy)
of GR (4.77 cm?) comparable to other doses tested
and control explants .In contrast, the minuscule root
percentage was gradually exposed with shootlets to
gamma rays (35 and 40Gy) (50, 33.3%). In addition,
the lowest root length was obtained from explants
tested with 30Gy (1.03mm) compared to other tested
doses. However, we observed changes in the leaf area
and the colour of leaves of gardenia plants with
treated with 25, 30, 35, and 40Gy doses (Figure 1).

Table 2. Effect of different doses of gamma radiation on shooting ability in vitro of Gardenia jasminoides.

Pa eters Subculture 1
Survival Shootlet  length  Shootlet Leaves
y-ray (Gy) (%) (mm) number/explant number/shootlet
Control(0 y-ray (Gy)) 100.0+5.0* 40.00 £2.00° 4.67+0.34 9 29.60+2.08 ©
100.0+
15 y-ray (Gy) 1.032 62.00+2.00 2 6.33+0.18* 43.67+1.972
20 y-ray (Gy) 86.0 £1.00° 50.00+3.00 ° 5.67+0.09 ° 42,50 +£2,12%
25 y-ray (Gy) 83.0£1.05° 33.67+3.00 ¢ 5.50 +0.09" 416742123
30 y-ray (Gy) 66.6+2.01° 29.67+1.92° 5.30+0.06 © 39.00+4.018 °
35 y-ray (Gy) 66.6+1.05°  43.00 £1.00° 4.3340.09 ¢ 30.33+4.22 ¢
40 y-ray (Gy) 50.0+5.00¢  41.00+1.00 © 4.00£0.13f 24.00+3.81 ¢
arameters Subculture 2
Survival Shootlet  length Shootlet Leaves number/
y-ray (Gy) (%) (mm) number/explant shootlet
100.0+1.00
Control( 0 y-ray Gy) a 47.00+2.00¢ 5.4+0.07 ¢ 49.00+1.89 ¢
100.0+1.00
15 y-ray (Gy) a 66.67 +1.08? 6.6 £0.032 61.00£1.97 2
20 y-ray (Gy) 88.5+2.00>  57.00+ 1.00° 6.5+0.075* 56.00+3.07
25 y-ray (Gy) 86.0+2.00°  45.00 +1.004 6.00 £0.11° 50.00+2.74 ¢
30 y-ray (Gy) 82.0£2.00°  35.50 +2.00° 5.91+0.085° 50.50£3.97 ¢
35 y-ray (Gy) 80.0+0.97¢  55.67+2.00 ¢ 4.60 +0.264 43.50+1.44 ¢
40 y-ray (Gy) 66.6+2.05¢  53.33+1.00 ¢ 4.50 +0.105¢ 41.00+5.07 ¢
Subculture 3
Parame
Survival Shootlet  length Shootlet Leaves number/
y-ray (Gy) (%) (mm) number/explant shootlet
100.0+
Control( 0 y-ray Gy ) 1.012 51.33+2.00 ¢ 5.88+0.23 ¢ 50.00+3.60 ¢
100.0+
15 y-ray (Gy) 1.002 84.00+1.00 ® 8.33+0.19° 69.00+2.00 2
20 y-ray (Gy) 88.5+2.00° 80.67+0.88 " 7.00+0.09 ° 63.67+1.45°
25 y-ray (Gy) 86.0£1.00° 43.00+2.15°¢ 6.50+0.21 ¢ 61.33+£1.63 ¢
30 y-ray (Gy) 86.0+2.00°  36.67+ 2.16" 6.25+0.1 < 54.00+1.73 ¢
35 y-ray (Gy) 66.6+2.00¢ 71.00+2.17 ¢ 4.88+0.1°¢ 45.33+1.73f
40 y-ray (Gy) 50.0+ 1.00°  71.00+0.99 ¢ 4.84+045°¢ 43.33+1.20°f

Averages (means) having the different letter(s) within the same column are significantly different among the
treatments according to Duncan’s multiple range tests at 5% level of probability. Data are mean of three

replications £SD. y-ray (Gy): gamma radiation doses.
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Figure 1. Effect of different levels of gamma radiation on shooting ability in vitro of Gardenia jasminoides
Ellis.(A,B) control plantlets,(C,D) plantlets radiation with 15Gy,(E,F) plantlets radiation with 20Gy (G,H)
plantlets radiation with 25Gy (I, J), plantlets radiation with 30Gy, (K,L), plantlets radiation with 35Gy, (M,N),
plantlets radiation with 40Gy.

Table 3. Effect of gamma radiation on rooting induction and leaf area (cm?) after the final sub-culture on
in vitro.

Parameters Final sub- culture
Root (%) Number of Root Leaf area
v-ray (Gy) roots/shootlet length(mm) (cm?)
control 0 y-ray (Gy) 66.6+1.91° 1.03+0.069° 0.83+0.062f 2.46+0.514¢
15 y-ray (Gy) 88.87+0.872 4.00+£1.792 3.51+0.112 4,77 £1.0872
20 y-ray (Gy) 81.66+2.46° 3.58+0.122 2.53+0.060° 4.60+ 1.341%
25 y-ray (Gy) 80.20+0.97° 2.83+0.62% 1.98+0.075¢ 3.99+ 0.291%
30 y-ray (Gy) 66.66+1.125°¢ 2.0 £0.101°¢ 1.03+0.017¢ 3.80 £0.241%
35 y-ray (Gy) 50.0+1.058¢ 1.83+0.072" 2.85+0.055° 3.72 £1.674%
40 y-ray (Gy) 33.33+0.815° 1.33+ 0.026° 2.58+0.03° 2.48 +0.102¢

Averages (means) having the different letter(s) within the same column are significantly different among the
treatments according Duncan’s multiple range tests at 5% level of probability. Data are mean of three replication
+ SD. y-ray (Gy): gamma radiation doses.
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Figure 2. Effect of gamma radiation on survival percentage during pre-acclimatization and post-acclimatization
of Gardenia jasminoides Ellis. Bars data with different letter/s differ significantly (p > 0.05). Letters (a—f) are
comparison of individual treatment means. Data are mean of three replication + SD.

Figure 3. Successfully pre and post acclimization stage of Gardenia jasminoides Ellis. control plants (A,B),
plants radiation with gamma rays at 15 Gy (C,D),20 Gy (E,F), 25 Gy (G,H),30 Gy (1,J),35Gy (K,L), and 40Gy
(M,N).

3.3. Acclimatization at the greenhouse
3.3.1. Survival percentage during pre and post
acclimization

Acclimatization of Gardenia jasminoides
Ellis was carried out after the third sub-culture when
the plants rooted. There were two stages of
acclimatization; pre- acclimization and post-
acclimatization. Through pre-acclimatization, the
highest growth survival the treated plants was
recorded for the plant irradiated with a dose of 15 Gy
(GR) and control by 100%. Alternatively, the 40 Gy-
irradiated gardenia plants showed the lowest survival
growth rate (33.33 %) among all treated plants
(Figure 2). The achievement of pre-acclimatization at
a greenhouse in untreated plants reached 100%.
However, during post- acclimatization observed that
the live percentage was increased than pre-
acclimatization in 30, 35, and 40 Gy compared with
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pre-acclimatization stage. The maximum percentage
100% was obtained for plants exposure to 15 Gy
(GR) and control.

3.3.2. Post- acclimatization
Data in (Table 4 and Figure 3) revealed that the
exposed for gamma radiation at different doses (O,
15, 20,25,30,35, and 40Gy) resulted in a positive
effect on acclimatization by showing a healthy and
vigorously appearance of plantlets grown in peatmoss
with perlite (2:1 v/v).The utilization of gamma
radiation at the 15Gy resulted in the longest plantlets
(15.83 cm), and the greatest number of branches
(4.00), and the greatest number of leaves (52.00)
compared to untreated plantlets and other tested
treatments. On the other hand, the shortest plantlets
were obtained from treatment with 30 Gy (GR) (8.00
cm). However, the minimum number of branches and
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leaves were found with 40 Gy of gamma rays
treatments by (1.67, 22.00), respectively. In addition,
No differences were observed in leaf area in most
doses tested from gamma rays. The largest leaf area
was obtained for plants treated with both 15Gy (GR)
(7.59 cm?).

3.4. Chemical composition of shoots in vitro
3.4.1. Photosynthetic pigments and anthocyanin
Data presented in Table 5 showed that
shootlets exposed to irradiation with 15Gy were
recorded the greatest values for chlorophyll contents
as compared to other tested shootlets and untreated
shoots. The highest contents of chlorophyll (a, b) and
total carotenoids (0.705, 0.304 and 0.340 mg/g F.W.,
respectively) were obtained from shootlets applied
with 15Gy. However, the lowest values for
chlorophyll content was obtained from shootlets
treated with (35 and 40 Gy) comparable with other
doss and untreated shoots. (Figure 1) . In addition, the
highest amounts of anthocyanin recorded for
shootlets exposed to 40 Gy gamma rays compared to
other doses.

3.4.2. Total phenol and total Flavonoid content
mg/g tissue F.W.

In Table (6), the plants exposed to 40Gy showed
the highest contents of total phenolics and flavonoids
compared with untreated and other treated plants.
These changes in phenolic content would play
functional roles in the irradiation stress response of
gardenia plants.

3.4.3. DPPH Free Radical Scavenging Activity
The results showed the highest antioxidant activity
(DPPH) for plants irradiated with 40 and 35 Gy
gamma radiation by 51.8 and 50.03% compared to
untreated and other treated plants Table (6).

3.4. 4.Total sugar
Results in Table (6) indicated the influence of
gamma irradiation on the total sugar (mg'g F.W.) in
shoot parts of gardenia plant. The dose of 15Gy
increased the total sugar while decreasing by
increasing the dose level. While the lowest content of
total sugar is indicated to 40Gy dose irradiated plants.

3.4.5. Total free amino acid
Data in Table (6) found that the highest content of
total free amino acid was recoded for plants applied
with 15Gy followed by the control plants (without
any irradiation), but indicated that the content of
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amino acid decreased with increasing doses of
radiation.

3.5. Chemical composition in acclimization plants
3.5.1. Photosynthetic pigments and anthocyanin

The influence of various levels of gamma
doses of Gardenia jasminoides Ellis, chlorophyll a, b
and total carotenoids were released at all treatments
expect (35 and 40 Gy groups) which decreased these
values compared to the untreated plants and other
treatments. The greatest values (2.287, 0.900 and
0.971 mg/g F.W., respectively) were obtained from
shootlets irradiated with 15Gy .In contrast, the lowest
values were found for 35 and 40Gy gamma rays
comparable to untreated and other treatments in
(Table 7).

Regarding the impact of various gamma

rays doses, leaves anthocyanin contents in (Table 7)
showed that anthocyanin content of Gardenia leaves
was significantly increased with increasing the doses
of gamma rays and reached up to greatest values
(49.51 and 55.97and mg/100g F.W.) with both doses
(35Gy and 40Gy) as compared with untreated plants
(25.93 mg/100 g F.W.).

3.5.2 Total phenol and total Flavonoid content
mg/g tissue F.W.

Table (8) indicated that the highest phenol and
flavonoid content of plantlets leaves (2.28 and 0.86
mg /g F.W.) was detected for plantlets applied with
high doses of irradiation (40Gy), but the lowest
content was indicated with control plants.

3.5.3. DPPH Free Radical Scavenging Activity
Different doses of gamma applied showed
significantly differences of DPPH (Table 8).Where
found the highest value (62.78%) with 40 Gy doses,
but the lowest value recorded with untreated plants
(47.83%).

3.5.4. Total sugar
In Table (8) the lowest content of total sugar
obtained with high doses of gamma treatment, but the
highest content of sugar found with treated by 15 Gy
dose.

3.5.5. Total free amino acid

Our results in Table (8) revealed the doses of
irradiation at 15 Gy increased the content of total free
amino acid in shoot of plant sample relative to
control (unexposed plants).
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Table 4. Effect of gamma radiation treatments during post- acclimatization stage of Gardenia jasminoides Ellis
plants.

. Number of Number of Leaf area
\ Plant height (cm) branches/plant leaves/plant (cm?)
Control 0 y-ray (Gy) 10.50+0.643¢ 2.70+0.529¢ 31.22+1.65¢ 3.00+0.67¢
15 y-ray (Gy) 15.83+1.2178 4.00+1.21° 52.00+1.592 7.59+0.9022
20 y-ray (Gy) 14.00+1.47° 3.67+0.61% 45.67+3.00° 6.19+0.910%
25 y-ray (Gy) 9.67+1.601¢ 3.00 +0.18 39.00+1.69° 6.06+0.910%
30 y-ray (Gy) 8.00+1.27¢ 2.83+0.072% 29.50+1.21% 5.99+1.06%
35 y-ray (Gy) 10.77+1.14¢ 2.67+0.13¢ 26.50+1.97¢ 5.95+0.970%
40 y-ray (Gy) 12.6741.11° 1.6740.13° 22.00+2.03f 5.27+1.066 ®

Averages (means) having the different letter(s) within the same column are significantly different among the
treatments according Duncan’s multiple range tests at 5% level of probability. Data are mean of three replication
1SD. y-ray (Gy):gamma radiation doses.

Table 5 . Effect of gamma radiation on shootlets Chlorophyll a, b and carotenoids and anthocyanin in vitro.

inations Chlorophyll a Chlorophyll b Total Carotenoids (mg/  Anthocyanin (mg/100
y-ray ( (mg/ g F.W.) (mg/ g F.W.) gF.W) gF.W.)
Control 0 y-ray (Gy) 0.429+0.008¢  0.211+0.009° 0.204+0.012 ¢ 6.14+0.0.36'
15 y-ray (Gy) 0.705+0.0052 0.304+0.0112 0.3401+0.009? 15.68+0.036°
20 y-ray (Gy) 0.588+ 0.016° 0.172+0.003¢ 0.2458+0.006¢ 15.60+1.243¢
25 y-ray (Gy) 0.553+ 0.008° 0.19+0.011¢ 0.292+0.009° 21.73+0.396¢
30 y-ray (Gy) 0.527+0.009¢ 0.207+0.007%¢ 0.267+0.006° 25.3+0.694¢
35 y-ray (Gy) 0.332+0.204° 0.149+0.001° 0.1703+0.005f 26.89+1.481°
40 y-ray (Gy) 0.303+0.012f  0.1103%0.020f 0.1588+0.0119 29.44+0.646°

Averages (means) having the different letter(s) within the same column are significantly different among the
treatments according Duncan’s multiple range tests at 5% level of probability .Data are mean of three replication
1+SD. y-ray (Gy):gamma radiation doses.

Table 6 . Effect of gamma irradiation treatments in some chemical composition of Gardenia jasminoides Ellis in
vitro.

. Total free Amino
Total phenol Total flavonoid - Total sugar mg\g
\S\ mg /g E.W. mg /g F.W. DDPH% amdirr]n\g/]i\t%OF.W. EW.

Control 0 y-ray (Gy)  0.61620.02 0.24+0.06° 33.25+2.91¢ 7.364+0.078° 7.796+0.304 °

15 y-ray (Gy) 0.694+0.03¢f 0.27+0.04¢ 40.31+1.37¢ 8.01+0.1552 9.552+0.6332

20 y-ray (Gy) 0.766+0.03° 0.34+0.03¢ 42.73+ 2.27% 6.45+0.141° 5.215+0.124¢

25 y-ray (Gy) 0.945+0.04¢ 0.44+0.06° 45.41+4.11°¢ 5.965+0.134¢ 4.497+0.339¢

30 y-ray (Gy) 1.044+0.07¢ 0.48+0.03% 48.58+2.47° 4.53+0.296° 3.903+0.159¢

35 y-ray (Gy) 1.123+0.01° 0.50+0.01° 50.03+1.37® 3.42+0.254 3.192+0.443f

40 y-ray (Gy) 1.224+0.13? 0.56+0.03? 51.80+0.72% 2.81+0.282¢ 2.88+0.169

Averages (means) having the different letter(s) within the same column are significantly different among the
treatments according Duncan’s multiple range tests at 5% level of probability. Data are mean of three replication
+SD. y-ray (Gy): gamma radiation doses.

Table 7. Effect of gamma radiation on chlorophyll a, b and carotenoids and anthocyanin in acclimization of
Gardenia jasminoides Ellis plants.

eterminations  Chlorophyll a (mg/  Chlorophyll b Total carotenoids (mg/  Anthocyanin (mg/100
y-ray (Gy) gF.W) (mg/ g F.W.) gF.W) gF.W.)
Control 0 y-ray (Gy) 0.851+0.024¢ 0.449+0.010° 0.594+0. 104° 25.931+ 1.750¢
15 y-ray (Gy) 2.287+0.0712 0.900+0.015% 0.971+ 0.220? 27.273 +1.576%
20 y-ray (Gy) 2.102+0.017° 0.890+ 0.0122 1.002 +0.119? 28.095 +0.955¢
25 y-ray (Gy) 1.201+0.042° 0.498 +0.004° 0.786+0.027° 28.201 +0.792¢
30 y-ray (Gy) 0.868+0.0094 0.291+0.006° 0.481+0.004¢ 49.223+ 0.904°
35 y-ray (Gy) 0.675+0.020¢° 0.367 +0.012¢ 0.293+ 0.013¢ 49.510 +1.789°
40 y-ray (Gy) 0.386+0.035 0.178 +0.019 0.299+0.011° 55.982+1.090 @

Averages (means) having the different letter(s) within the same column are significantly different according
Duncan’s multiple range tests at 5% level of probability. Data are mean of three replications +SD. y-ray (Gy):
gamma radiation doses.
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Table 8 .

acclimization of Gardenia jasminoides Ellis plants.

Effect of gamma radiation on some chemical composition of Gardenia jasminoides Ellis during

W Total phenol mg  Total Flavonoid DDPHY% Amino acid Total sugar
y-ray (Gy) /g F.W. mg /g F.W. mg\g F.W. mg\g F.W.
Control 0 y-ray (Gy) 0.8735+0.04 0.37+0.06" 47.83+3.51° 8.277+0.21° 12.848+0.73°
15 y-ray (Gy) 1.1317+ 0.04¢ 0.4+ 0.04f 49.25+2.64%  9.314+0.33? 14.126+1.262
20 y-ray (Gy) 1.3346 0.03% 0.57+0.03¢ 51.56+2.18  6.8865+0.48°  11.757+1.18°
25 y-ray (Gy) 1.4241+ 0.03« 0.62+ 0.06¢ 53.22+ 0.14¢ 5.416 +0.27¢ 10.202+1.48°

30 y-ray (Gy) 1.57335+0.04 ¢ 0.68+0.03 ¢ 57.49 +3.04° 4512+ 0.71¢ 8.776 +0.78¢

35 y-ray (Gy) 1.83782+0.04 ° 0.75+ 0.01° 59.69+1.32° 4.111+0.15° 7.025+ 0.84°

40 y-ray (Gy) 2.2834+0.46 ° 0.86+0.032 62.78 £1.03* 3.439+0.58" 6.458+ 0.35°

Averages (means) having the different letter(s) within the same column are significantly different among the
treatments according Duncan’s multiple range tests at 5% level of probability. Data are mean of three replication

+ SD. y-ray (Gy): gamma radiation doses.

3.6. Analysis of ISSR polymorphisms in Gardenia
jasminoides Ellis and their mutants

Ten ISSR PCR primers were employed to
detect the genetic diversity between the control plant
(No. 1) and the mutants (Nos. 2-6) which, were
inducted via y-irradiation. In this research, 10 ISSR
primers produced scoreable and reliable banding
patterns (descriptions of these PCR products are
visualized in Figure). The amplified products
produced 98 clear bands, ranging from 7 (in ISSR-7
and ISSR-11) to (in ISSR-10).The percentage of
polymorphism was ranged from (30 to 60%).
Polymorphic bands can help identify mutants through
two ways, first is by the release of distinct banding
patterns to individual species, and second is through
the presence or absence of distinctive band(s)
(marker bands) that distinguish an individual from its
population, so it is critical to determine its DNA
fingerprint. Primer ISSR-2 and ISSR-9 amplify the
maximum number of unique bands, recording two,
while ISSR-1, ISSR-6, ISSR-7, ISSR-10, and ISSR

12 no unique bands were amplified. ISSR primers
were robust and informative, indicating that they
might be a better tool for genetic diversity and
phylogenetic analysis. ISSR-2 and ISSR-9 primers
were found to be the most effective in distinguishing
between wild and mutant types, as well as in
generating large numbers of non-unique and unique
polymorphic bands, as shown in Table 9 and Figure
4. These variations in ISSR banding patterns might
be connected with structural rearrangements in DNA
caused by different types of DNA damages caused by
treatment with Gamma irradiation. As shown in
Tablel0 and Figure 5 a phylogenetic tree illustrated
three distinct groups. The first group) included one
cluster with mutant (1) at 25Gy, with a low genetic
similarity ratio 86% with wild-type (No. 1). On the
other hand, the second group included wild type and
their mutants (No.2, 5, and 6) 15, 30, and 35 Gy
respectively with different distances between them.
The third group included two mutants (No.3 and 7).

Table 9.The statistical analysis of ISSR primers used to discriminate between.

Monomo  polymorphi Number Polymorp
N Name of . of Total f MW range  Mean of
0 primer rphic ¢ unique  bands hism (bp) frequency
bands bands bands (%)

1 ISSR-1 6 6 0 12 50 191-1208 0.7
2 ISSR-2 4 4 2 10 60 161-860 0.7
3 ISSR-4 7 2 1 10 30 228-609 0.8
4 ISSR-5 5 2 1 8 38 207-809 0.7
5 ISSR-6 4 4 0 8 50 211-418 0.8
6 ISSR-7 3 4 0 7 57 240-731 0.7
7 ISSR-9 9 2 2 13 31 187-881 0.8
8 ISSR-10 12 2 0 14 14 187-955 0.9
9 ISSR-11 4 2 1 7 43 251-694 0.8
10 ISSR12 6 3 0 9 33 222-587 0.9
Total 60 31 7 98 7.8
Average 6 3.1 0.7 9.8 0.78
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Figure 4. PCR amplification using ISSR primer combinations of control, 15 Gy,20Gy,25Gy,30 Gy,35Gy, and 40
Gy (1-7), M (DNA ladder 100 bp) of Gardenia jasminoides Ellis plant.
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Table 10 .The similarity matrix between control and different gamma-irradiated treatments of Gardenia

jasminoides Ellis plant.

Similarity matrix between .\

Name Control 15 Gy 20 Gy 25Gy 30Gy 35Gy 40Gy
Control 1
15 Gy 0.93 1
20 Gy 0.89 0.88 1
25 Gy 0.86 0.88 0.88 1
30 Gy 0.90 0.93 0.88 0.89 1
35 Gy 0.89 0.94 0.90 0.91 0.88 1
40 Gy 0.84 0.87 0.92 0.87 0.87 0.89 1
g &8 8 8 % s 3 8@
25 Gy
30 Gy
15 Gy
35 Gy
Control
20 Gy
40 Gy

Figure 5. Dendrogram showing the relationships between Gardenia jasminoides (control) and their treatments
after exposure to gamma radiation generated from ISSR data following the analysis of control and six treatments

of Gardenia jasminoides Ellis plant. 1: Control (without any treatment); 2: plantlets treated with 15 Gy; 3;

plantlets treated with 20 Gy: 4: plantlets treated with 25 Gy, 5: plantlets treated with 30 Gy, 6: plantlets treated
with 35 Gy, 7: plantlets treated with 40 Gy.

Dissection

Gamma irradiation has different effects on
plants, in this study the low doses of gamma
irradiation showed positive effect on gardenia plants
in vitro especially 15 Gy. While, the high doses had
inverse effects on different parameters. This result
agreed with research indicated by Abdulhafiz et al.,
[27], who reported a decline in shoot length at
maximum doses of gamma rays based on a decrease
in the mitotic activity of plant tissues. Billore et al.,
[28] on irradiated shoots of Dendrobium Sonia
orchid, reduced in shoot length, leaf area, fresh
weight, and survival rate with increased doses of
gamma irradiation, and the same result indicated with
Limtiyayatin et al., [29] on Exacum affine plant.

Egypt. J. Chem. 66, No. 12 (2023)

Gamma radiation can cause an improvement of
enzyme accumulation and stimulation endogens
content of gibberellic acid, which can resulting in
elongation of cell wall [27]. Also, the dose of
irradiation affected on the hormone’s efficacy, which
altered the production of shoots. Auxin activities may
be inhibited by gamma irradiation, which could alter
morphogenetic responses [30].

The favourable response of low doses to
gamma irradiation on adventitious root cultures is
consistent that low doses of irradiation have
stimulatory effects on the growth of plant tissues
[31]. Similarly, Ngoenngam et al., [32] confirmed
that the low dose of GR has positive effect of
consequent growth on Stylosanthes hamate. We
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observed the gradual increase in percentage of live
plants with the plants exposed to low doses of gamma
radiation. These findings are in agreement with
Sianipar et al.,[33] and Choi et al., [34] who reported
that mutagen expression may be changed the plantlets
transitory steady-state physiology. Additionally, the
survival rate during acclimatization can be used to
determine the success of plant in vitro propagation
[35]. The success of pre-acclimatization in untreated
plants may be attributable to genetic feature do not
change in untreated plants genetic features. However,
with the other treatments, genetic alterations occur
that make it impossible to acclimate and control
stomata conductivity in vitro. Also, plantlets roots
have not been able to absorb nutrients and water yet.
The stomata conductivity is still low in the
acclimatization stage, which requires a gradually
reducing humidity environment to allow transpiration
which latterly may causes the wilt and death plantlets
quickly [33]. These results are in agreement with
similar studies on banana [36] and on Curcuma
heyneana plants [37].

More than any other radiation, gamma rays
induce different types of variations, and effective to
inducing  chlorophyll ~ mutation and  some
morphological changes [38]. In this study, different
contents of chlorophyll were indicated to be effective
with different doses of gamma rays. These findings
agree with Kumar et al., [39] showed that ch a, ch b,
and total chlorophyll were improved in shootlets
treated with 100 Gy gamma radiation of Euryale
ferox compared with untreated plantlets in vitro.
Previous reports have demonstrated that application
of gamma rays can impact on physiology and
biochemistry of treated plants [40, 2]. This
destruction could be related to chloroplasts’ high
gamma radiation sensitivity compared to other cell
organelles [41]. Previous reports have demonstrated
that application of gamma irradiation can impact on
physiology and biochemistry of irradiated plants [42,
2]. In other words, when radiation levels are above
the plant’s concentrated dose limit, the
photosynthetic apparatus’ capabilities are reduced
due to photosystem damage, resulting in reduction in
pigments content [2].

The importance of phenol evaluation is that the
phenolic compounds perform significant
physiological and ecological roles; participating in
resistance to various types of stresses. Additionally,
increases in total phenolic and flavonoids content are
considered as a common response for high radiation
doses [43]. The phenols paramount for plant is due to
a fair correlation among antioxidant and free- radical
scavenging activity and its phenolic content, and
protects the plant against irradiation - induced
oxidative stress [43]. It has been reported that total
flavonoids as a group of phenolic responded
significantly to gamma radiation doses particularly
100 Gy in Cosmos caudatus plant [44].The increase
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in flavonoids contents in irradiated plants, may be
resulting from in degradation of large phenolic
compound into smaller compound or release
compounds of phenolic from glycosidic components
of irradiated leaves [45]. These findings are
confirmed with several workers in different plants
[43, 40].

These results in study harmony with Aly et al.,
[45] reported an increase in total phenol on gamma
irradiated eggplant. However, Del Valle et al., [46]
on Silene littorea plant. Alternatively, Munim et al.,
[47] found the gamma irradiation of Peperomia
pellucida plant in vitro decreased total flavonoid
content. Flavonoid synthesis responds to irradiation
(gamma and UV-B stress) whereas, the flavonoids
alleviate the damage induced by the irradiation stress

[2].

DPPH Free Radical Scavenging Activity,
the gene expression may be altered as a result of
obviates the oxidative damage induced by exposure
of plants to high doses of gamma radiation [48]. This
results harmony with Dmour et al., [48] on Teucrium
polium plant, with gamma irradiation, applied
showed increased of DPPH, over expression
production of antioxidant under irradiation can be
enhancement of the antioxidative defense. On black
gram plant Yasmin et al., [49] suggested that the
applied gamma irradiation produced ROS as well as
demonstrate to counteract by antioxidant enzyme.

The total sugar reduction might be representing
a regulatory response in the photosynthesis process
and adjustment homeostasis in gamma irritated plants
[50]. These results are in agreement with Patil et al.,
[51] who reported that the gamma irradiation
decreased amino acids and sugar in callus but
enhanced the antioxidant defense enzymes on
Artemisia annua and Naz et al., [52] of Allium
sativum plant. The results regularity with Jan et al.,
[53] when seeds of Cullen corylifolium plants utilized
irradiation at (0,2.5,5,10, 15 and 20kGy dose rate)
found the maximum values of sugar and total
chlorophyll at 10 Gy . Conversely, Hussein, [54]
indicated the 5 Gy gamma dose decreased sugar
content and proline of barley plants. Besides,
Mohajer et al., [55] suggested the applied of gamma
did not stimulate significant increment in water-
soluble components such as minerals, nitrogenous
constituents and sugars.

In gamma irradiated plants, the accumulation of
total free amino acid might be due to maintain
osmotic potential in the cytoplasm and vacuoles at an
optimal level of cell metabolism, hence cell structure
protecting from free radicals. In addition, suggested
that low doses of gamma radiation can act as an
activator for amino acid biosynthesis, which change
the content of protein that has essential roles in plant
growth [54]. lonizing radiation, including gamma
rays, generates fragment deletions or insertions that
eventually lead to changes in amino acids and a
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modification of stem pigmentation [37]. These results
accordance with Taha et al., [36], amino acids play
diverse roles in growth, development and defense
processes. Furthermore, under stress condition
changes amount of amino acids modifying
metabolism of plant [56, 57, 58]. Furthermore,
According to ISSR analysis, these results could be
due treatment with y-irradiation leading nucleotide
deletions or addition in the DNA sequence, resulting
in a reading frame shift mutation. On the other hand,
since direct damage and alterations to DNA are
heritable, y-rays are the primary cause of single-
stranded and double-stranded breaks in DNA, and
changes in DNA bases. Our results have shown that
y-irradiation, a key to mutation, is an effective way to
enlarge the mutation map. Wu et al., [59] reported
that using ISSR markers to analyze the mutants
further may offer a useful molecular marker for the
detection of mutants in the plant, which provides
some valuable information for future breeding of
ornamental plants. Li et al. [2] used ISSR-PCR
molecular marker technique to identify the mutants of
phenotypic variation plants in Tulipa gesneriana L.
after exposure to different doses of y-irradiation.
Polymorphic genetic markers are widely used in plant
improvement programs and can identify varieties and
parents. They are extremely reproducible,
polymorphic, instructive, and simple to use
Chaudhary et al., [60] ISSR has been widely
implemented to identify DNA polymorphisms in
Pimpinella anisum L. [61], Populus alba and
Solidago canadensis cv, Tara plants [62,1].

Conclusion

In brief, the utilization of gamma rays as a method
for genetic variations had a positive impact on both
the in vitro and in vivo growth rate and secondary
metabolism. Hence, it can be concluded that gamma
irradiation treatment is an effective tool for mutation
stimulation in Gardenia jasminoides Ellis plant.
Additionally, ISSR analysis proved to be an effective
molecular marker for identifying mutant plants. This
work is beneficial not only for producing new
Gardenia jasminoides Ellis variants, but also for
studying mutations in other ornamental plants.
Further studies should be done of gamma radiation on
adaptation plants until flowering stage.

References

[1]-El-Sayed, I. M., Salim, R. G., El-Haggar, E. F.,
El-Ziat, R. A., and Soliman, D. M., Molecular
Characterization and Positive Impact of
Brassinosteroids and Chitosan on Solidago
canadensis CV. Tara
Characteristics. Horticulturae, 6(4), 100(2020).

[2]- Li Y., Li C. Zhan X., Liu L., Feng F., Guo Z.,
Wang D. and Chen H., Biological effects of
gamma-ray radiation on tulip (Tulipa

Egypt. J. Chem. 66, No. 12 (2023)

gesneriana L.), PeerJ., 10:e12792(2022). DOI
10.7717/peerj.12792.

[3]-Kesavan K., Gnanasekaran J., Gurunagarajan S.
and Nayagam A.AJ., 2018. Microscopic,
physicochemical and phytochemical analysis of
Gardenia jasminoides (Ellis), Int. J. Pharm
Pharm. Sci., 10, 97-102(2018).

[4]-El-Sayed 1.M., Salama W.H., Salim R. G. and
Taha L. S., Relevance of Nanoparticles on
Micropropagtion, Antioxidant Activity and
Molecular  Characterization  of  Sequoia
sempervirens L. Plant, Jordan Journal of
Biological Sciences, 14, 373 — 382(2021).

[5]-Taha L. S., Sayed S. S., Farahat M. M. and EI-
Sayed I. M., In vitro culture and bulblets
induction  of  Asiatic  hybrid lily'red
alert', Journal of Biological Sciences, 18(2), 84-
91(2018).

[6]-Bidabadi S.S. and Jain S.M., Cellular molecular
and physiological aspects on in vitro plant
regeneration, Plants, 9,702(2020).
D0i:10.3390/plants9060702

[7]-Ramage C.M. and Williams R.R., Mineral uptake
in tobacco leaf discs during different
developmental stages of shoot organogenesis.
Plant Cell Rep, 21, 1047-1053(2003).

[8]-Panel E., Mullins E., Louis- Bresson J., Dalmay
T., Dewhurst I.C., Epstein M.M., Firbank L.G.,
Guerche P., Hejatko J., Moreno F.J., Naegeli H.,
Nogue F., Serrano J.J.S., Savoini G., Veromann
E., Veronesi F., Casacuberta J., Lenzi P.,
Guajardo 1.M., Raffaello T. and Rostoks N., In
vivo and in vitro random mutagenesis
techniques in  plant, EFSA  Journal,
19,6611(2021).

[9]-Melsen K., Van de Wouw M., and Contreras, R.,
Mutation breeding in ornamentals, American
Society for Horticultural Science, 56(10), 1154-
1165(2021).
https://doi.org/10.21273/HORTSCI16001-21

[10]-Nasri F., Zakizadeh H., VVafaee Y. and Mozafari
A. A, In vitro mutagenesis of Chrysanthemum
morifolium cultivars using ethyl methane
sulphonate (EMS) and mutation assessment by
ISSR and IRAP markers, Plant Cell, Tissue and
Organ Culture (PCTOC), 1-17(2021).

[11]-Rivielleo-Flores M.D.L.L., Cadena- Iniguez J.,
Ruiz- Posadas L.D.M., Arevalo-Galarza
M.D.L., Castillo- Juarez I., Hernandez M.S. and
Castillo- Martinez C.R., Use of gamma
radiation for the genetic improvement of
underutilized plant varieties, Plants,
11(9),1161(2022).

[12]-Hernandez-Mufioz  S., Pedraza-Santos E.,
Antonio Lépez M., GO6mez-Sanabria P.M.,
Morales-Garcia  J.L.J.,Mutagenesis in the
improvement of ornamental plants, Revista
Chapingo  Serie  Horticultura, 25, 151-


https://doi.org/10.21273/HORTSCI16001-21

248 Iman M. El-Sayed et. al.

167(2019). https://doi.org/10.5154/r.rchsh.2018.
12.022

[13]- Viana V.E., Pegoraro C., Busanello C. and De
Oliveira A.C., Mutagenesis in rice: the basis for
breeding a new super plant, Frontiers in Plant
Science, 10, Article 1326(2019).
https://doi.org/10.3389/fpls.2019.01326

[14]-Anne S. and Lim, J. H., Mutation Breeding
Using Gamma Irradiation in the Development
of Ornamental Plants: a review. Flower
Research  Journal, 28(3),102-115 (2020).
Doi.org/10.11623/frj.2020.28.3.01

[15]-El-Sayed 1.M., El-Ziat R. A., Murad S. A,
Tahaa L. S. and Mahgoub M. H., Optimization
of Micropropagation Protocol and Secondary
Metabolites of  Gardenia  Jasminoides
Plant, Plant Archives, 20, 9183-9189(2020).

[16]-Murashige T. and Skoog F., A Revised Medium
for Rapid Growth and Bio Assays with Tobacco
Tissue Cultures. Plant Physiology, 15, 473-
497(1962).
https://doi.org/10.1111/].1399-
3054.1962.th08052.x

[17]- Saric M., Kostrori R., Cupina T. and Geric 1.,
Chlorophyll Determination Univ. Noven Sadu
Prakitikum is Kkiziologize Bilijaka Beogard,
Haucana, Anjiga, pp, 215(1967).

[18]-Fuleki T., Francis F.J., Quantitative method for
anthocyanins, J. Food Sc.i, 33-72(1968).

[19]-Brand-Williams W., Cuvelier M.E. and Berset
C., Use of free radical method to evaluate
antioxidant activity, LWT-Food Sci Technol,
28, 25-30(1995).

[20]-Moore S. and Stein W.H., Amodified ninhydrin
reagent for photomertric determination of amino
acids and related compounds. Journal of
Biological Chemistry 211, 907-913(1954).

[21]-Swain T. and Hillis W.E., The phenolics
constituents of Prunus domestica. The
quantitative analysis of phenolic constituents,
Journal of Science of Food and Agriculture,
10,63-68(1959).

[22]-Quettier D.C., Gressier B., Vasseur J., Dine T.,
Brunet C., Luyckx M.C., Cayin J.C., Bailleul F.
and  Trotin F., Phenolic compounds and
antioxidant activities of buckwheat (Fagopyrum
esculentum Moench) hulls and flour, J
Ethnopharmacol, 72, 35-42(2000).

[23]-Dubois M., Gilles K.A., Hamilton J.K., Rebers
P.A. and Smith F., Colorimetric method for
determination of sugars and related substances,
Analytical Chemistry, 28: 350-356(1956).

[24]-Duncan D.B., Multiple range and multiple F-
tests. Biometrices, 11(1),1-42(1955).

[25]-Ibrahim S.D., Abd El-Hakim A.F., Ali H.E . and
Abd El-Maksoud R.M., Genetic differentiation
using ISSR, SCoT and DNA Barcoding for
Quinoa genotypes, Arab JBiotecnol, 22 (2),
103-118(2019).

Egypt. J. Chem. 66, No. 12 (2023)

[26]-Hammer A.T., David A.T.H. and Paul D.R.,
PAST:. Palaeontological statistics software
package for education and data analysis,
Palaeontologia Electronica, 4,1-9(2001).

[27]-Abdulhafiz F., Kayat F. and Zakaria S., Effect of
gamma irradiation on the morphological and
physiological variation from in vitro individual
shoot of banana cv. Tanduk (Musa spp.),
Journal Plant of Biotechnology, 45(2), 140-
145(2018).
https://doi.org/10.5010/JPB.2018.45.2.140

[28]-Billore V., Mirajkar S.J., Suprasanna P. and Jain
M., Gamma irradiation induced effects on in
vitro shoot cultures and influence of
monochromatic light regimes on irradiated
shoot culture of Dendrobium sonia orchid,
Biotechnology Reports, 22,e00343 (2019).
Doi: 10.1016/j.btre.2019.e00343

[29]-Limtiyayatin M., Tosri C., Sukin N. and Jom
puk P., Effects of acute gamma irradiation on in
vitro culture of Exacum affine Balf.f. ex Regel,
Agriculture and Natural Resources, 52,121-
124(2018).

[30]-Hong M.J., Kim D.Y., Jo Y.D., Choi H.l., Ahn
JW., Kwon S.J., Kim S.H., Seo Y.W. and Kim
J.B., Biological effect of gamma rays according
to exposure time on germination and plant
growth in wheat, Applied Sciences, 12(6),
3208(2022).
https://doi.org/10.3390/app12063208.

[31]-Le K.C., Ho T.T., Paek K.Y. and Park S.Y.,
Low dose gamma radiation increases the
biomass and ginsenoside content of callus and
adeventitous root cultures of wild ginseng
(Panax ginseng Mayer), Industrial Crops and

Products, 130,16-
24(2019). https://doi.org/10.1016/j.indcrop.2018
.12.056

[32]-Ngoenngam L., Pongtongkan P., Arananant J.,
Poeaim S. and Poeam A., In vitro effect of
gamma irradiation and plant growth regulators
(PGRs) for induction and development of
Stylosanthes hamate cv. Verano, International
Journal of Agricultural Technology, 15(1), 63-
74(2019).

[33]-Sianipar N.F., Assidgi K. and Abbas B.S., The
Effects of Subculture on The Mutant Plant
Regeneration of Rodent Tuber (Typhonium
flagelliforme) In Vitro Mutagenesis Using
Gamma-Ray Irradiation. InIOP Conference
Series: Earth and Environmental
Science, 426(1), 012180(2020). 0P Publishing.
Doi:10.1088/1755-1315/426/1/012180.

[34]-Choi H.1., Han S.M.,, Jo Y.D., Hong M.J., Kim
S.H. and Kin J.B., Effect of acute and chronic
gamma irradiation the cell biology and
physiology of rice plants, Plants,
10(3),439(2021).
https://doi.org/10.3390/plants10030439.


https://doi.org/10.3389/fpls.2019.01326
https://doi.org/10.11623/frj.2020.28.3.01
https://doi.org/10.1111/j.1399-3054.1962.tb08052.x
https://doi.org/10.1111/j.1399-3054.1962.tb08052.x
https://doi.org/10.5010/JPB.2018.45.2.140
https://doi.org/10.1016%2Fj.btre.2019.e00343
https://doi.org/10.3390/app12063208
https://doi.org/10.1016/j.indcrop.2018.12.056
https://doi.org/10.1016/j.indcrop.2018.12.056

Micropropagation, Bioactive compounds, and Molecular diversity responses of Gardenia jasminoides Ellis using Gamma radiation.. 249

[35]-Soni V., Keswani K., Bhett U., Kumer D. and
Singh H., In vitro propagation and anelysis of
mixotrophic potential to improve survival rate
of Dolichandra unguis- cati under ex vitro
conditions, Heliyon, 7(2), €06101(2021).
https://doi.org/10.1016/j.heliyon.2021.e06101.

[36]-Taha R.A., EL-Nagdi W.M.A. and Kamel H.A,,
Micropropagated banana plants induced by
gamma irradiation and resistant to the root-knot
nematode reproduction, CIGR Journal, 22:217-
225(2020).

[37]-Hapsari L., Trimanto T., Isnaini Y. and
Widiarsih  S., Morphological characterization
and gamma irradiation effect on plant growth of
Curcuma heyneana val and zijp. In AIP
Conference Proceedings, 2353(1), 030012
(2021). AIP Publishing LLC.
https://doi.org/10.1063/5.0052680.

[38]-Azigwe, C., Zaryeku, P.A.D. and Oppong-Adjei,
F., Effect of gamma irradiation on chlorophyll
content in the Cowpea (Vigna unguiculata) L.
(WALP), Ghana Journal of Science, 61(2):113-
117(2020).

[39]-Kumar N., Rani S., Kuamr G., Kumari S.,
Singh 1.S., Gautam S. and Choudhary B.K.
,Physiological and biochemical responses of
Makhana (Euryale ferox) to gamma irradiation,
Journal of Biological Physics, 45: 1-12(2019).
Doi: 10.1007/s10867-018-9511-x

[40]-Alvarez-Holguin A., Morales-Nieto C. R,
Avendafio-Arrazate C. H., Corrales-Lerma R.,
Villarreal-Guerrero F. , Santellano-Estrada E.
and GoOmez-Simuta Y., Mean lethal dose
(LD50) and growth reduction (GR50) due to

gamma radiation in  Wilman lovegrass
(Eragrostis superba). Rev. Mex. Cienc. Pecu.,
10: 227-238(2019).

https://doi.org/10.22319/rmcp.v10i1.4327

[41]-Asare A.T., Mensah F., Acheampong S., Asare-
Bediako E. and Armah J., Effects of gamma
irradiation on agromorphological characteristics
of okra (Abelmoschus esculentus L. Moench.).
Advances in  Agriculture, 3, 1-7(2017).
d0i:10.1155/ 2017/2385106

[42]-Masoud M., Zayed M.A., Gad D. and Elhaak
M.A., Effect of gamma irradiation on some
metabolites of Cichorium pumilum Jacq, Egypt
J. Exp. Biol., 14, 153-159 (2018).

[43]-Elizar 1., Sinuraya M. and Sipayung R., The
effect of gamma rays irradiation on the growth
and flavonoid content of kenikir (Cosmos
caudatus  Kunth.), Journal of Physics:
Conference Series, 1116 (1), p 052020 (2018).
IOP Publishing. D0i:10.1088/1742-
6596/1116/5/052020.

[44]-Hussain P.R., Chatterjee S., Variyar P.S,,
Sharma A., Dar M.A. and Wani A.M., Bioactive
compounds and antioxidant activity of gamma
irradiated sun dried apricots (Prunus armeniaca

Egypt. J. Chem. 66, No. 12 (2023)

L.).", J. Food Compos & Anal.,, 30(2), 59-
66(2013).
https://doi.org/10.1016/j.jfca.2013.02.001

[45]-Aly A.A., Eliwa N.E. and Abd EL-Megid
M.H., Stimulating effect of gamma radiation on
some active compounds in eggplant fruit, Egypt.
J. Red. Sci. Applic., 32(1), 61-73(2019). DOI:
10.21608/ejrsa.2019.10024.1066

[46]-Del Valle J.C., Buide M.L., Whittall J.B.,
Valladares F. and Narbona E., 2020. UV
radiation  increase  phenolic ~ compound
protection but decreases reproduction in Silene
littorea, PLOS ONE, 15(6),e0231611(2020).
https://doi.org/10.1371/journal.pone.023161.

[47]-Munim A., Ramadhani F., Chearani K., Amelia
L. and Arrahman A., Effects of Gamma
Irradiation on Microbiological, Phytochemical
Content, Antioxidant Activity and Inhibition of
Angiotensin ~ Converting Enzyme (ACE)
Activity of Peperomia pellucida (L.) Kunth,
Journal of Young Pharmacists, 9, 65-69(2017).

[48]-Dmour  S.M., Easa M., Eltahawy N.A,,
Elsonbaty S.M. and Qaralleh H.N., lonizing
radiation effect on  Teucrium  polium:
Phytochemical contents, antioxidant and
antibacterial activity. Arab Journal of Nuclear
Sciences and Applications, 53, 98-110(2020).
DOI: 10.21608/ajnsa.2020.15218.1242.

[49]-Yasmin K., Acrullbalachandran D.,
SoundaryaVand Vanmathi S., Effect of gamma
radiation (y) on biochemical and antioxidant
properties in b; ack gram (Vigna mungo L.
Hepper), International Journal Radiat Biol., 95,
1135-1148(2019).

[50]-Duarte G.T., Volkova P.Y., Geras'’kin S.A. The
response profile to chronic radiation exposure
based on the transcriptome analysis of Scots
pine from chernobyl affected
zone, Environ.Poll, 250:618-626(2019).

[51]-Patil A., Suryavanshi P. and Fulzele D., In vitro
regeneration of gamma irradiated callus of
artiemisia annus and evaluation of increase
artimisinin content by HPLC analysis, Journal
of Analytical and Pharmaceutical Research, 7,
569-573(2018).

[52]-Naz, S., Javed A., Saleem A., Murtaza K., Haq
R., Hayat A. and Munir N., Effect of gamma
radiation on microflora, proximate analysis and
sprouting of garlic, Journal of Innovative
Sciences,5 (1), 46-52(2019). DOl |
http://dx.doi.org/10.17582/journal jis/2019/5.1.4
6.52

[53]-Jan S., Parween T., Hameed R., Siddiqi T.O. and
Mahmooduzzafar, Effect of presowing gamma
irradiation on the photosynthetic pigments,
sugar content and carbon gain of Cullen
corylifolium (L.) Medik, Chilean Journal of
Agricultural Research, 73 (4):345-350(2013).



https://doi.org/10.1016/j.heliyon.2021.e06101
https://doi.org/10.1063/5.0052680
https://dx.doi.org/10.1007%2Fs10867-018-9511-x
https://doi.org/10.22319/rmcp.v10i1.4327
https://doi.org/10.1016/j.jfca.2013.02.001
https://doi.org/10.1371/journal.pone.023161

250 Iman M. El-Sayed et. al.

http://dx.doi.org/10.4067/S0718-
58392013000400003

[54]-Hussein  H.A.A., Influence of radio- grain
priming on growth, antioxidant capacity and
yield of barley plants. Biotechnology Reports,
34, e00724 (2022).
https://doi.org/10.1016/j.btre.2022.00724

[55]-Mohajer S., Taha R.M., Lay M.M., Esmaeili
AK. and Khalili M., Stimulatory effects of
gamma irradiation on phytochemical properties,
mitotic behavior and nutritional composition of
sainfoin (Onabrychis viciifolia scop.), The
Scientific World Journal, Article 1D 854093. 9 p
(2014). https://doi.org/10.1155/2014/854093.

[56]-Ali Q., Athar H.R., Haider M.Z., Shahid S,
Aslam N. and Shehzad F., Role of amino acids
in improving abiotic stress tolerance to plants.
In : Hasanuzzaman M, Fujita M, Oku H and
Islam MT (Eds.), Plant tolerance to
environmental stress: Role of phytoprotectants,
CRC Press, Boca Raton, Florida, USA, pp. 175-
203(2019).

[57]-Soliman D.M., Ahmed A. M.A. and EL-Sayed
I.M., Lead toxicity and spermine as affecting
the chemical composition and growth of
Solidago canadensis L. cv. Tara plant, Egyptian
journal of Chemistry, 65(2),471-485(2022).

[58]-Soliman D.M., Mazhar A.A.M., Eid R.A. and
Abd El Aziz N.G., Biostimulation effects of

Egypt. J. Chem. 66, No. 12 (2023)

linseed and citrus oils on growth, antioxidant
enzymes activity, metabolic changes and water
relations of Khaya senegalensis seedlings under
drought stress, Journal of pharmaceutical
Negative Results, 13,2790-2801(2022).

[59]-Wu J.H., Zhang J., Lan F., Fan W.F. and Li W.,
2020.  Morphological,  cytological, and
molecular variations induced by gamma rays in
ground-grown  chrysanthemum  ‘Pinkling’.
Canadian Journal of Plant Science, 100, 68—
77(2020). DOI 10.1139/cjps-2019-0064

[60]-Chaudhary V., Kumar M., Sharma S., Kumar
N., Kumar V. Yadav H.K. Sirohi U,
Assessment of genetic diversity and population
structure in gladiolus (Gladiolus hybridus Hort.)
by ISSR markers, Physiology and Molecular
Biology of Plants, 24,493-501(2018). DOI
10.1007/s12298-018-0519-2.

[61]-Giachino R.R., Investigation of the genetic
variation of anise (Pimpinella anisum L.) using
RAPD and ISSR markers. Genetic Resources
and Crop Evolution, 67,763-780 (2019). DOI
10.1007/s10722-019-008.

[62]-Salim, R. G., El-Sayed, I. M., and Taha, L. S.,
Molecular Characterization and In
Vitropropagation Behavior of Populus Alba I.
Plants under Effect of Slow Growth
Conservation, Plant  Archives, 19(2), 2443-
2453(2019).


https://doi.org/10.1016/j.btre.2022.e00724
https://doi.org/10.1155/2014/854093

