J. of Agricultural Chemistry and Biotechnology, Mansoura Univ., Vol. 14 (117):153 - 163, 2023

Journal of Agricultural Chemistry and Biotechnology

Journal homepage & Available online at: www.jach.journals.ekb.eg

Molecular Evaluation of Capparis spinosa and its Antibacterial Effects on the

Activity of Bacillus subtilis

Eman E. E. Elkanany!"; A. M. Serag? ; M. H. Abdelwahab?; S. S. S. Ahmed® and

T. A. M. EI-Akkad?

! Department of Genetic and Genetic Engineering, Faculty of Agriculture, Cairo University.

L)

Cross Mark

2 Department of Genetics and Genetic Engineering, Fac. Agric., benha University

8 Horticulture Research Institute , Agriculture.Research.Center

ABSTRACT

Capparis spinosa, belonging to the Capparaceae, was studied to understand the effects of different types of
mutagenesis. The study explored gamma rays, ultraviolet rays, colchicine, and caffeine. Various aspects, including
appearance, chemical composition, and genetic variation, were evaluated. Radiation mutagenesis of Capparis
spinosa using gammarays (0.5, 1, and 1.5 kGy) and ultraviolet rays (2, 4, and 6 hours) resulted in a decrease in shoot
number and length but an increase in the number of leaves. Chemical mutagenesis using colchicine (50, 100, and
150 mg/l) and caffeine (50, 100, and 150 mg/l) led to an increase in shoot and leaf numbers. Genetic variation was
assessed using ten primers and the SRAP-PCR technique. The samples treated with colchicine at a concentration of
50 mg/I showed the highest similarity to the control group (89%), while the lowest similarity (81%) was observed
in the samples treated with gamma rays at a dose of 0.5 kGy. The highest rutin amount (4.483 mg/ml) was produced
when the plant was exposed to ultraviolet rays for 4 hours and gave high inhibition zone (31mm) against Bacillus
subtilis bacteria  while the lowest amount (1.213 mg/ml) was obtained from plants treated with caffeine at a
concentration of 150 mg/l. Overall, the best treatment for Capparis spinosa was radiation using ultraviolet rays for
4 hours. This treatment resulted in a high number of shoots (2.83 shoots per plant), shoot length (0.66 cm), leaf
number (6 leaves per shoot), callus growth (1.849 g), and rutin content (4.483 mg/ml).
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INTRODUCTION

The genus Capparis is one of some 250 species that
belong to the family Capparaceae and had chromosome
number 2n = 24, 38 (Schumann. K .1888), the European caper
bush Capparis spinosa is known for its flower buds, Capparis
spinosa can be found from the Canary Islands' Atlantic coast,
Morocco, the Black Sea, Crimea, Armenia, the east side of the
Caspian Sea, and Iran (Inocencio, C. et al., 2002), the genome
of Capparis spinosa contained 157728 bp in length and 136
genes, and there were 4 rRNA genes, 31 tRNA genes, and 80
protein-coding genes in the plastome (Alzahrani, KM. etal.,
2022). Numerous bioactive substances, including spermidine,
rutin, quercetin, kaempferol, stigmasterol, tocopherols, and
carotenoids, have been found in Capparis spinosa L. These
substances are thought to have antioxidant, anti-inflammatory,
anti-diabetic, immunomodulatory, antiviral and antibacterial
activities like Bacillus subtilis is a Gram-positive bacterium,
had arod shape for heat-resistant, its genome contained 4 214
630 base pairs. It was used as a probiotic preparation in the
treatment of intestinal disorders and also produce antibiotics, as
a fungicide, and in alternative medicine. Errington, J. and Aart,
L.T.,2020.

In addition to roots of Capparis spinosa is used as a
diuretic and against gastrointestinal problems. Bark root has a
strong flavor and has been used as an aperitif, astringent, tonic,
antidiarrheic, and to cure hemorrhoids and spleen illnesses. It
has also been used to treat fever, rheumatism, paralysis,
toothache, and destroy earworms (Zhang. H and Ma. ZF.
2018).
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Different types of mutagenesis were employed to
induce mutation and genetic variation in Capparis spinosa,
gamma rays are highly energetic electromagnetic ions that are
released when an atomic nucleus is excited, Gamma rays,
administered at various doses with different doses (0.5,1,1.5 K
Gray) changed the cytology, biochemistry, physiology, and
morphology of cells and tissues, which had an impact on the
growth and development of plants. This effect is attributed
producing free radicals in cells, (Ernest et al, 2020; Hanafy,
R.S. and Akladious, S.A. 2018; Kusmiyati, F. et al, 2017;
Elkhateed, M.A. et al, 2016; Fulzela, P.D. et al, 2015 and
Kartini, E.M. et al, 2015).

Ultraviolet radiation, which extends from the visible
light spectrum's violet end to the X-ray zone, was also utilized.
Ultraviolet rays were administered at different durations (2, 4,
and 6 hours). These rays have been found to affect genetic
variation and as results of induced mutations in Capparis
spinosa (Dwivedi,K.et al,2021; Castronuovo,D.et al,2017;
Sztatelman, O. et al,2016; Neelamegam, R. and Sutha, T.,
2015).

Colchicine, an important mutagen, exerts its effects by
avoiding the formation of microtubules and doubling
chromosome number. It has been applied in various
concentrations (50, 100, and 150 mg/l) in various studies.
(Eng,W.H. et al. ,2021; Gupta,G. et al, 2021; Rosmaina et al,
2021; Hailu,M.J. et al ,2021; Cimen ,B.,2020; Dai,J. et al,
2020; Cuong Lek. et al ,2020)

Regarding caffeine, many studies have examined the
effect of different concentrations and revealed that it acts by
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(50, 100, and 150 mg/l). (Shahwar,D. et al, 2020; Ansari,S.M.
2020; Hanafi,N.N.M. et al ,2020)

Tissue culture and molecular markers are crucial fields
for studying the effects of different mutagenesis on medicinal
plants. Several studies have utilized these approaches to
investigate the impact of mutagenesis on genetic material. For
instance, have highlighted the significance of tissue culture and
molecular markers in studying mutagenesis in medicinal
plants. Among the molecular markers, SRAP markers have
emerged as important tools for assessing the effects of
mutagenesis on genetic variation. SRAP markers target coding
regions of DNA and are amplified using specific primers.
Researchers such as (Gianguzzi,V. et al,2020; Dhutmal R.R. et
al 2018; Robarts, D.W. H. and Wolfe, A. D. ,2014; Yarar,G. et
al,2022 ; El-Nashar,Y.l. and Ammar,M.H., 2016) found that.

Rutin, also known as rutoside or quercetin-3-O-
rutinoside, is a citrus flavonoid glycoside found in various
plants, including citrus fruits. It has antioxidant and anti-
inflammatory properties and protects against cancer and other
diseases. Rutin is commonly used for various purposes, such as
autism, aging skin, and airway infections caused by exercise.
The leaf tissue of Capparis spinosa contains 2.8% rutin. The
biosynthesis of rutin involves several key genes, including
phenylalanine  ammonium lyase (PAL), cinnamate-4-
hydroxylase (C4H), 4-coumarate-CoA ligase (4CL), chalcone
synthase (CHS), chalcone isomerase (CHI), flavanone-3-
hydroxylase (F3H), flavonoid-3-hydroxylase (F3'H), flavonol
synthase (FLS), flavonoid-3-O-glucosyltransferase (UFGT),
and flavonol-3-O-glucoside L-rhamnosyl transferase (RT).
(Liu, Z. et al, 2021; Kianersi F. et al, 2020.

This study's objective is to assess the effect of different
types of mutagenesis (Gamma-ray, ultraviolet ray, colchicine,
and caffeine) on the morphological traits, biochemical
composition, and genetic variation of Capparis spinosa and to
study the effect of capparis spinosa extracts on the activity of
bacillus subtilis bacteria

MATERIALS AND METHODS

Lab experiments were conducted in the tissue culture
laboratory at the Horticulture Research Institute, Agricultural
Genetic Engineering Research Institute; ARC, Giza, Egypt.
And Lab Research Park, Faculty of Agriculture, Banha
University, and Egyptian Atomic Energy Authority. During
two subculture mutations of 2021/2022, to study the response
of caper (Capparis Spinosa L. plants) by radiation (Gamma-
ray and ultraviolet ray) and by chemical mutagens (colchicine
and caffeine), to evaluate their effects on survival, shoot length,
number of shoots, number of leaves, callusing, rooting, weight,
total protein and genetic variation (SRAP analyses).

Plant Materials

The caper stem segments (C. spinosa L.) were
gathered from various locations in Sina's southwest. The
collection locations included Dahab, Safaga, and Hurghada.
Media composition for different treatments:

Disinfecting stage

The micronodes stem segments that were obtained
from the field were first washed for one hour under running
water, followed by a 30-minute soak in water and soap with
constant stirring. Then, for 15 minutes, they were immersed in
water with 0.5% systemic fungicide benomyl (methyl-1-
(butylcarbamoyl)-2-benzimidazole-carbamate, 50% active
components). The cuttings were moved into 1% Clorox
(sodium hypochlorite 5.5%) for 3 minutes with constant
agitation after being moved into 70% alcohol for 1 minute

under sterile circumstances. The cuttings were then washed
three times for five minutes each with sterile distilled water.
Media preparation:

For shootlet production, Murashige and Skooge media
(MS) was used supplemented with kinetin (6-furfural-amino
purine) at 3 mg/l and BAP (6-Benzyl amino purine) hormone
3 mg/l. The PH of the media was adjusted to 5.7+ 0.2 by
adding agar at 7 g/l and sucrose at 25 g/l.

The callus induction from the leaves disc applying MS
media plus 2,4-D (2,4-Dichlorophenoxyacetic acid) at 3
mg/l. Treatments by radiation of Gamma and ultraviolet rays:

Three doses of gamma radiation were irradiated to the
explants and callus (0.5, 1, 1.5 K Gray) of 60"Co-y using India
gamma cell at a dose rate (0.782 K Gy/h) and also, UV-C rays
exposure was used for three times (2,4,6 hour), and it was type
C. Employing model G15T8 ultraviolet light UV-C lamp:
philp-TuV-15W-54 V- 0.34 A, and long at 45 cm, diameter at
2.8 cm, containing 2.0 mg of mercury (Hg), and disinfects
water air. UV-C light is a short-wavelength linear tube (254
nm). The distance of 10 cm from the UV-C lamp in October
2021 at the National Center for Research and Technology,
Nasr City, Cairo, Egypt. Dwivedi,K.et al, 2021; Babina,D.et
al,2020; Bahmani, M.et al 2016 and Sztatelman, O. etal, 2016.
Treatments of Colchicine and Caffeine:

The explants and callus were treated with three doses
of colchicine (50, 100, 150 mg/l) by using colchicine tablets
500 mg source on growth media and also, three doses of
caffeine (50, 100, 150 mg/l) by using caffeinospire (caffeine
10 mg/ml) source on growth media at the Horticulture
Research Institute — ARC, Giza.
Morphological characteristics
multiplication stage

The culture in this stage was incubated for one month
then survival percentage, number of shoots, shoot length (cm),
number of leaves per each shoot, callusing %, the fresh and dry
weight of both new shootlets and callus (gm) and the callus %,
callus color manually were determined.

Molecular marker techniques

In this study, two molecular marker techniques,
namely (Sequence Related Amplified Polymorphism) and
SDS-protein electrophoresis, were used to assess the extent to
which the genetic material of Capparis spinosa was affected
by various treatments. These techniques were used to
investigate the genetic changes and variations resulting from
the different mutagenesis treatments.

Genomic DNA extraction and purification

Extraction of DNA from Capparis spinosa by DNeasy
Mini Kit (Qiagen Santa Clarita, CA), the primers showed in
table (1) from Macrogen company according to lbrahim, S.D.
etal, (2019).

SRAP-PCR Reactions

The polymorphism was identified using a set of ten
combination primers. The 25 | reaction volume used for the
amplification reaction contained 12.5 | of the Sigma Master
Mix, 1.5 | of forward primer, 1.5 | of reverse primer (10
pcmol), 2.5 | of template DNA (10 ng), and 7 | of dH20.

The PCR Thermocyling Profile:

The Perkin-Elmer/GeneAmp® PCR System 9700 (PE
Applied Biosystems) was used to carry out the PCR
amplification. This system is programmed to denaturation
cycle for 5 minutes at 94°C, and 40 cycles for a denaturation
step at 94°C for 50 sec, an annealing step at 40°C for 50 sec,
and an elongation step at 72°C for 1 min. In the last cycle, the
primer extension phase was prolonged to 7 minutes at 72
degrees.

shootlets for the
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Table 1. Sequence of 10 primers of SRAP:

Reverse Primer

Primer Forward Primer

SRAP-01 mel- 5-TGAGTCCAAACCGGATA-3’
SRAP-02 mel- 5-TGAGTCCAAACCGGATA-3’
SRAP-03 mel- 5-TGAGTCCAAACCGGATA-3’
SRAP-04 me2- 5“TGAGTCCAAACCGGAGC-3’
SRAP-05 me2- 5-TGAGTCCAAACCGGAGC-3'
SRAP-06 me2- 5“TGAGTCCAAACCGGAGC-3’
SRAP-07 me3- 5-TGAGTCCAAACCGGAAT-3’
SRAP-08 me3- 5“TGAGTCCAAACCGGAAT-3’
SRAP-09 me4- 5-TGAGTCCAAACCGGACC-3’
SRAP-10 me4- 5“TGAGTCCAAACCGGACC-3’

eml- 5-GACTGCGTACGAATTAAT-3
em3- 5-GACTGCGTACGAATTGAC-3'
em4- 5-GACTGCGTACGAATTTGA-3'
eml- 5-GACTGCGTACGAATTAAT-3
em2- 5-GACTGCGTACGAATTTGC-3'
em3- 5-GACTGCGTACGAATTGAC-3'
eml- 5-GACTGCGTACGAATTAAT-3
em3- 5-GACTGCGTACGAATTGAC-3'
eml- 5-GACTGCGTACGAATTAAT-3
em2- 5-GACTGCGTACGAATTTGC-3'

The PCR Products' Detection:

Electrophoresis was used to separate the amplification
products in a 1.5% agarose gel with ethidium bromide (0.5
ug/ml) in 1X TBE buffer at 95 volts. A Gel Documentation
System (BIO-RAD 2000) was used to photograph and visualize
PCR results under UV light, lbrahim, S.D. et al, (2019).

In the SRAP analysis, only distinct and unmistakable
bands were visually rated as either present (1) or absent (0) for
all samples, and the final data sets comprised both polymorphic
and monomorphic bands. A binary statistic matrix was
subsequently built. The unweighted pair group technique with
arithmetic averages (UPGMA) was then used to calculate the
genotype-to-genotype similarity matrix coefficients. Using the
PAST software Version 1.91, this matrix was used to create a
phylogenetic tree (dendrogram) based on the Euclidean
similarity index (Hammer, A.T. et al., 2001).

SDS-protein electrophoresis

According to the procedure (Matsumoto, H. et al.
(2018)), SDS-PAGE (sodium dodecyl sulfate polyacrylamide
gel electrophoresis) was performed.

High—performance liquid chromatography (HPLC)

The separation was accomplished using a reversed-
phase Zorbax SB-C18 column (3.5 m particle size, i.d. 4.6 mm
250 mm) and HPLC Agilent Technologies 1260 Infinity (USA
and Canada) with solvent delivery system quaternary pumps
(61311B), including a diode array detector (DAD 61315D with
10-mm flow cell. The volume of injection stayed at 5 I. With a
25-minute total analysis period for each sample, a photodiode
array UV detector was set to detect HPLC chromatograms at
210 nm in accordance with the absorption maxima of the
studied chemicals. Performed method according to Mutuli,
G.P. etal. (2022).

Antibacterial assay

The explants of Capparis spinosa belonging to the
Family, Capparidaceae were collected from successive
explants obtained from elicitation treatments (gamma ray 1.5 k
gray, ultraviolet ray 4 hour, colchicine 50 mg/l, caffeine 50
mg/l) contained high levels of rutin to cold mortar. Two grams
of the explants were macerated in cold methanol 70 % over
night in the laboratory for further processing. The cold

extraction procedure was used for extracting explants with
solvents as per the procedure given below (Prakash, M. and
Karmegam, N. 2012; Vigneshwari, C. et al., 2014).

Disc diffusion method of antibacterial assay was used
to test the sensitivity of selected test organism to the methanolic
extracts adopting the method of Bauer et al. (1966). Each
extract (10 pl) was applied to filter paper discs (Whatman No.
1) measuring 2 mm diameter and allowed to dry before being
placed on the agar plate.

The Petri plates of 100mm diameter with nutrient agar
media were swabbed with broth culture of the test bacteria in
separate plates by using sterile swab. Over this, prepared
antimicrobial discs were placed under aseptic conditions. Three
discs of original extract, 1:1 and 1:2 (extract: methanol 70%)
were placed in triangle. Also, the discs without treated explant
extract were also maintained as control. The plates were then
incubated at 37°C for 24 hrs and the zone of inhibition (ZI) was
measured in diameter (cm) around the discs and recorded. The
assays were performed with three replicates as per the
procedure adopted by Prakash,M. and Karmegam,N. (2016).
Statistical analysis

The experimental design used in this study was
randomize complete block. The Stat View 5.1 statistical
program (SAS, program) was used to perform Fisher's PLSD
and analysis of variance (0.05 significant level).

RESULTS AND DISCUSSION

Morphological characteristics:

Table (2) provides a summary of the experiment's
results. The highest rate of survival, at 100%, was noticed with
the use of chemical treatment. On the other hand, exposure to
gamma rays at 1.5 k gray resulted in the lowest survival rate, at
60%. Caffeine at a concentration of 150 mg/l led to a high
number of shoots, while caffeine at concentrations of 50 mg/I
and 100 mg/l resulted in longer shoots. However, gamma rays
at 0.5 k gray, 1 k gray, and 1.5 k gray resulted in lower shoot
numbers and shoot lengths. Furthermore, every treatment
increased the number of leaves, with the highest number of
leaves produced by colchicine at 50 mg/l, 100 mg/l, and 150
mg/l concentrations and that showed in figure ().

Table 2. Effect of different media composition and concentrations on survival, shoot number, shoot length, leaves
number, rooting, root length, and callus formation of Capparis spinosa

Mutation treatment Survival % Shoot No (shoot/ explant) Shoot Ln (cm) Leaves No (Leaf/ shootlet)
Control 100.00 2.78 281 4.30
Colchicine 50 mg\I 100.00 2.00 2.30 6.70
Colchicine 100 mg\I 100.00 2.80 340 7.10
Colchicine 150 mg\l 100.00 2.79 3.60 7.40
Caffeine 50 mg\l 100.00 357 4.30 6.50
Caffeine 100 mg\l 100.00 3.20 4.10 6.10
Caffeine 150 mg \I 100.00 4.60 3.50 6.30
Gammaray 0.5 KG 80.00 129 1.90 5.40
Gammaray 1 KG 70.00 2.00 0.60 5.70
Gammaray 1.5 KG 60.00 117 2.20 4.90
UV-C2H 90.00 250 0.62 6.40
UV-C4H 100.00 2.83 0.66 6.00
UV-C6H 100.00 243 0.75 5.80
LSD5% 9.56 0.4592 0.28 1.04
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Fig. 1. Effect of various Gamma radiation dosages on survival, shoot number, shoot length, and leaves number of

Capparis spinosa.

(A)explant untreated media (A1) explant media treated by 0.5 k Gray of gamma ray ,(A2) explant media treated by 1 k Gray of gamma ray , (A3) explant
media treated by 1.5 k Gray of gamma ray, (B1) explant media treated by ultraviolet ray 2 hour , (B2) explant media treated by ultraviolet ray 4 hour,
(B3) explant media treated by ultraviolet ray 6 hour, (C1) explant media with colchicine 50mg/l , (C2) explant media with colchicine 100 mg/l and (C3)
explant media with colchicine 150mg/l , (D1) explant media with caffeine 50mg/l , (D2) explant media with caffeine 100 mg/l and (D3) explant media with
caffeine 150mg/l , (E) callus untreated media , (E1) callus media treated by 0.5 k Gray of gamma ray , (E2) callus media treated by 1 k Gray of gamma
ray , (E3) callus media treated by 1.5 k Gray of gamma ray ,(F1) callus media treated by ultraviolet ray 2 hour , (F2) callus media treated by ultraviolet
ray 4 hour, (F3) callus media treated by ultraviolet ray 6 hour,(G1) callus media with colchicine 50mg/l , (G2) callus media with colchicine 100 mg/l and
(G3) callus media with colchicine 150mg/l, (H1) callus media with caffeine 50mg/l , (H2) callus media with caffeine 100 mg/l and (H3) callus media with
caffeine 150mg/l .

Regarding callus formation, the average callus colored callus, while callus treated with colchicine at 50 mg/l
increment was significantly higher (2.13) when using MS  and 100 mg/l concentrations exhibited a white color. Callus
treated with ultraviolet light for 4 hours. In contrast, MS  treated with caffeine at 50 mg/l and 100 mg/I concentrations
supplemented with colchicine at 150 mg/l concentration  displayed a brown/white color, as indicated in Table (3) and
showed the lowest significant average callus formation value  figure (1) as well.

(0.32). As shown in Table (3), the control group had brown-
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Table 3. Effect of different media concentrations on weight
and color of callus of Capparis spinosa

Mutation fresh — dry

weight weight . Growth callus
treatment increment color
@ @

Control 260 192 0.68 brown
Colchicine50mg\l 455  4.00 0.67 white
Colchicine 100 mg\l 436 3.84 0.53 white
Colchicine 150 mg\l  4.38  4.06 0.32 white\brown
Caffeine 50 mg\l 437 395 0.43 brown\white
Caffeine100mg\l 430 381 0.49 brown\white
Caffeine150mg\l 464 398 0.66 brown
Gamma-ray 0.5 KG 125 0.23 1.02 brown
Gamma-ray 1KG 114 032 0.82 brown
Gamma-ray 1.5 KG 109 0.12 0.97 brown
UV-C2H 236 0.23 1.85 brown
UV-C4H 216 031 213 brown
UV-C6H 216 0.36 1.80 brown
LSD5% 0.33 0.109 0.054

The findings of this study are in agreement with those
of previous research. Abdulhafiz,F. et al. (2018) investigated
the impact of gamma irradiation on Musa cv Tanduk and
found that the highest survival rate, at 74%, was observed at a
gamma ray dose of 10 Gy, while the lowest survival rate, at
20%, was observed at 70 Gy. Similarly, Elkhateed et al. (2016)
examined the impact of various gamma radiation doses (0.5,
2, 4, and 8 krad) on philodendrons. They observed a gradual
decrease in survival percentage as they increased the gamma
dose. With increasing dosages of gamma radiation, plants'
height, leaf count, fresh weight, and weight of both leaves and
stems all decreased.

In another investigation by Azizan, N.I. et al. (2020),
the impact of various concentrations of colchicine (ranging
from 0.5% to 2.5%, with a control group at 0.0%) on Stevia
plants was evaluated. It was found that a colchicine
concentration of 2.0% resulted in higher average plant height,
leaf length, and leaf thickness. This indicates that the formation

of mutants in Stevia plants depends on increased colchicine
concentration.

Furthermore, Rosmaina et al. (2021) investigated the
impact of different concentrations of colchicine (ranging from
0.03% to 0.05%, with a control group) over a three-month
period on Ananas comosus L. Merr. They noticed that
colchicine affected genotype and lengthened stomata. In
particular, a colchicine concentration of 0.05% caused a
26.67% rise in plant height and a 48.98% increase in the
number of leaves.

SRAP analysis

Sequence-Related Amplified Polymorphism (SRAP)
is a widely used PCR-based marker technique for studying
genetic relationships and polymorphisms within a species. It
amplifies coding sequences using forward primers with a
specific sequence and selective nucleotides, targeting GC-rich
regions, and reverse primers with another specific sequence,
targeting AT-rich regions. Dhutmal,R.R. et al. (2018) have
shown the effectiveness of SRAP in various applications.

According to the results mentioned in Table (4), the
highest number of bands, reaching 91 bands, was observed in
the control group (untreated sample). This was produced by
exposure to gamma rays at 1.5 k gray and ultraviolet rays for
2 hours, using ten SRAP primers. On the other hand, the
lowest number of bands, with a count of 72 bands, was
obtained from samples treated with caffeine at a concentration
of 100 mg/l.

In gamma-ray treatments, a dose of 1.5 k gray resulted
in the highest number of bands (91), while lower doses of
gamma rays (0.5 k gray and 1 k gray) produced fewer bands
(81). For the ultraviolet ray treatments, exposure for 2 hours
yielded the highest number of bands (91), followed by 4 hours
of exposure (88). However, 6 hours of exposure resulted in the
lowest number of bands (70). These results were compared to
the untreated control group.

Table 4. Total number of bands in treated samples of capparis spinosa Compared to control.

No. Primers  Control CL50 CL100 CL150 CA50 CA100 CA150 GA05 GAl GAl5 UV2 UV4 UV6
A SRAP-01 6 5 7 7 7 5 7 7 6 7 9 9 9
B SRAP-02 11 12 12 7 10 9 9 7 10 10 10 10 10
Cc SRAP-03 9 10 10 10 11 8 7 9 9 8 10 10 9
D SRAP-04 5 8 7 8 8 6 10 8 4 6 6 8 6
E SRAP-05 7 5 5 5 6 5 5 8 10 8 10 7 6
F SRAP-06 9 10 7 11 11 8 9 10 7 13 11 9 9
G SRAP-07 6 7 8 7 6 5 8 7 8 10 6 7 7
H SRAP-08 11 6 5 7 10 5 8 6 9 9 9 8 6
I SRAP-09 10 12 11 11 9 10 9 10 9 9 11 10 10
J SRAP-10 12 10 12 10 11 11 9 9 9 11 9 10 10
TOTAL 86 85 84 83 89 72 81 81 81 91 91 88 82

TNB = Total number of band, control = untreated plant, CL50=Colchicine 50mg/l, CL100=Colchicine 100mg/l, CL150=Colchicine 150mg/l,
CAS50=Caffeine 50 mg/l, CA100=Caffeine 100 mg/l, CA150=Caffeine 150 mg/l, GA0.5 = Gamma ray 0.5 k gray, GA 1 = Gamma ray 1 k gray, GAL5 =
Gamma ray 1.5 k gray, UV2=ultraviolet 2 hour , UV4= ultraviolet 4hour , UV6= ultraviolet 6hour .

In the colchicine treatments, different doses (50 mg/l,
100 mg/l, and 150 mg/l) led to relatively low numbers of
bands, with 85, 84, and 83 bands respectively. Regarding
caffeine treatments, the highest number of bands (89) was
observed when samples were treated with a concentration of
50 mg/l. Conversely, the lowest number of bands (72) was
found in both the untreated control group and samples treated
with a concentration of 100 mg/l.

SRAP analysis, the SRAP-06 primer produced one
unique positive marker which was treated by Gamma-ray 1.5
k Gray at 1050 bp, SRAP-09 primer gave one unique positive
marker which was treated by colchicine 50 mg/l at 550 bp and
also SRAP-10 produced one unique positive marker which
treated by caffeine 50 mg/l at 350 pb as shown in Fig (2).
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Figure 2. SRAP profiles of 13 Capparis spinosa samples (1 - 13) as detected with primers (A) SRAP-01, (B) SRAP-02, (C)
SRAP-03, (D) SRAP-04, (E) SRAP-05, (F) SRAP-06, (G) SRAP-07, (H) SRAP-08, (1) SRAP-09, and (J) SRAP-
10 as illustrated in table (4).

Genetic similarity within and among treated samples of
Capparis spinosa.

We used Dice's similarity coefficients (DSCs) to
measure the genetic similarity among treated samples of
Capparis spinosa. Based on the SRAP data, a similarity matrix
was created and the UPGMA method was used to construct a

The analysis of the SRAP data reported that the genetic
similarity among the treated samples of Capparis spinosa
ranged from 79% to 97%. On average, there was 88% similarity,
indicating a relatively low level of DNA-level variation due to
the use of Capparis spinosa treatments. Among the treatments,
the highest similarity (97%) was noticed between the accessions

Gamma-ray 1.5 k gray and Gamma-ray 1 k gray, both receiving

gamma ray treatment according to table (5).

Table 5. Genetic similarity matrix within and among thirteen treatments of Capparis spinosa according to Dice's
similarity coefficient from SRAP generated data.

dendrogram.

MW Control CL50 CL100 CL150 CA50 CA100 CA150 GA05 GAl GAl5 UvV2 Uv4 UVe
Control 1.00

CL50 0.89 1.00

CL100 0.87 0.90 1.00

CL150 0.84 0.87 0.86 1.00

CA50 0.87 0.86 0.86 0.86 1.00

CA100 0.84 0.85 0.86 0.86 0.83 1.00

CA150 0.85 0.87 0.82 0.85 0.82 0.88 1.00

GA0.5 0.81 0.85 0.81 0.86 0.81 0.86 0.90 1.00

GA1l 0.84 0.79 0.81 0.82 0.87 0.81 0.82 0.84 1.00

GALl5 0.85 0.80 0.81 0.81 0.87 0.80 0.82 0.84 0.97 1.00

uv2 0.86 0.82 0.83 0.84 0.88 0.82 0.81 0.86 094  0.95 1.00

uv4 0.84 0.86 0.88 0.84 0.86 0.83 0.83 0.85 0.89 0.90 091 1.00
UVve6 0.85 0.84 0.89 0.85 0.87 0.84 0.83 0.83 0.88 0.89 090 093 1.00

control = untreated plant, CL50=Colchicine 50mg/l, CL100=Colchicine 100mg/l, CL150=Colchicine 150mg/l, CA50=Caffeine 50 mg/l, CA100=Caffeine
100 mg/l, CA150=Caffeine 150 mg/l, GA0.5 = Gamma ray 0.5 k gray, GA 1 =Gamma ray 1 k gray, GA1.5 = Gamma ray 1.5 k gray, UV2= ultraviolet 2

hour , UV4= ultraviolet 4hour , UV6= ultraviolet 6hour.

On the contrary, the lowest genetic similarity (79%)
was found between the accession colchicine 50 mg/l and the
Gamma-ray 1 K Gray treatment, likely due to their different
treatments.

According to table (5) The highest genetic similarity
(89%) was found in the colchicine 50 mg/l treatment among the
untreated samples, while the lowest similarity (81%) was
observed in the Gamma-ray 0.5 K gray treatment. For radiation

treatments, the highest genetic similarity (97%) was seen in the
gamma-ray 1.5 k gray and gamma-ray 1 k gray treatments,
while the lowest similarity (83%) was found in the gamma-ray
0.5 k gray and ultraviolet ray 6-hour treatments.

This observation was in agreement with that reported
by Hanafy,R.S. and Akladious,S.A. (2018). They investigated
five primers and discovered that gamma irradiation doses
altered the DNA and generated DNA polymorphic bands with
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variable intensities to be created. These doses were 25, 50, 100,
200, and 400 G. In addition, Tilwari, A. and Sharma, R. (2021)
used 6 ISSR markers and found that, it was possible to analyze
the genetic variation in Gloriosa superba L in the presence of
colchicine and the ISSR primers generated 328 fragments, 298
of which were polymorphic, with an average of 49.7 bands per
primer and 91.83% polymorphism.

Genetic relationships within and among treated samples of
Capparis spinosa.

Genetic relationships among treatments of Capparis
spinosa were analyzed using similarity matrices and the
UPGMA method to create dendrograms. The dendrogram
clearly distinguished between Capparis spinosa treatment
accessions and other treatments.

The dendrogram separated the treated Capparis
spinosa samples into two main clusters based on their
geographic distributions. The first cluster had two subclusters:
one containing the control, colchicine 200 mg/l, and colchicine
150 mg/l treatments, and the other containing Gamma-ray 0.5
k gray, caffeine 150 mg/I, caffeine 100 mg/l, and colchicine 150
mg/l treatments. The second cluster could also be divided into
two subclusters: one containing Gamma-ray 1.5 k gray,
Gamma-ray 1 k gray, and ultraviolet ray (2, 4, 6 hours)
treatments, and the other containing caffeine 50 mg/l. The
colchicine (100 mg/l and 50 mg/l) treatments showed the
highest similarity to the control, while the Gamma-ray 0.5 k
gray treatment exhibited the lowest similarity. Refer to Figure
(3) for a visual representation.

milarity

6

960
%
o

Figure 3. Dendrogram for the 13 samples of Capparis
spinosa treatments constructed from the SRAP
produced data using the UPGMA method and
similarity matrices computed using DSC's.

Molecular analysis based on SDS- PROTEINS
According to Figure (4), the main protein in Capparis
spinosa is flavonol-3-O-glucoside L-rhamnosyl transferase,
with a molecular weight of 6.3 kDa. This protein facilitates the
transfer of rhamnose from UDP-rhamnose to the 3-OH
position of kaempferol and quercetin.
Kva 3

~3

Figure 4. SDS:protein banding patterns amE)ng treated

samples of Capparis spinosa.

(1) Control, (2) colchicine 50 mg/l,(3) colchicine 100 mg/l,(4) colchicine 150
mg/l, (5)caffeine 50mg/l, (6) caffeine 100mg/l,(7) caffeine 150mg/l,(8)
Gamma 0.5 kG, (9) Gamma 1 kG,(10) Gamma 1.5 kG, (11) ultraviolet
ray 2h, (12) ultraviolet ray 4h and (13) ultraviolet ray 6h

According to table (6), the analysis of the SDS-protein
data reported that the genetic similarity among the treated
samples of Capparis spinosa ranged from 71% to 100%. The
highest similarity (100%) was noticed the accessions
colchicine 50mg/l and colchicine 100 mg/l while the lowest
genetic similarity (71%) was found the accession Gamma ray
0.5 k gray, ultraviolet ray 2 hour and ultraviolet ray 4 hour
treatments according to untreated plant.

Additionally, Hanafy, R. S. and Akladious, S. A. (2018)
observed that a concentration of 0.1% colchicine resulted in
the highest diameter of S. platensis (12.57 pm), while a
concentration of 0.025% colchicine led to high protein content
(0.091 mg/ml) after treatment with multiple doses of
colchicine. Furthermore, low gamma radiation doses were
found to enhance growth, yield characteristics, leaf-soluble
protein, and the contents of phenolic and flavonoid
compounds in fenugreek.

Table 6. Genetic similarity matrix within and among thirteen treatments of Capparis spinosa according to Dice's
similarity coefficient from SDS-protein generated data.

MW Control CL50 CL100 CL150 CA50 CA100 CA10 GA05 GAl GAl5 UV2 Uv4 UVe
Control 1.00

CL50 1.00 1.00

CL100 1.00 1.00 1.00

CL150 0.95 0.95 0.95 1.00

CA50 0.95 0.95 0.95 1.00 1.00

CA100 0.78 0.78 0.78 0.82 0.82 1.00

CA150 0.90 0.90 0.90 0.84 0.84 0.88 1.00

GA0.5 0.71 0.71 0.71 0.75 0.75 0.77 0.67 1.00

GAl 0.78 0.78 0.78 0.82 0.82 0.86 0.75 0.92 1.00

GAl5 0.78 0.78 0.78 0.82 0.82 0.86 0.75 0.92 1.00 1.00

uv2 0.71 0.71 0.71 0.75 0.75 0.92 0.80 0.83 0.92 0.92 1.00

uv4 0.71 0.71 0.71 0.75 0.75 0.92 0.80 0.83 0.92 0.92 1.00 1.00
UV6 0.78 0.78 0.78 0.71 0.71 0.71 0.88 0.77 0.71 0.71 077 077 1.00

control = untreated plant , CL50=Colchicine 50mg/l, CL100=Colchicine 100mg/l, CL150=Colchicine 150mg/l, CA50=Caffeine 50 mg/l,CA100=Caffeine
100 mg/l, CA150=Caffeine 150 mg/l, GA0.5 = Gamma ray 0.5 k gray, GA 1 =Gamma ray 1 k gray, GA1.5 = Gamma ray 1.5 k gray, UV2= ultraviolet 2

hour , UV4= ultraviolet 4hour , UV6= ultraviolet 6hour.

Genetic relationships within and among treated samples of
Capparis spinosa.

Genetic relationships among treatments of Capparis
spinosa were analyzed using similarity matrices and the
UPGMA method to create dendrograms. The dendrogram

clearly distinguished between Capparis spinosa treatment
accessions and other treatments.

The dendrogram separated the treated Capparis
spinosa samples into two main clusters based on their
geographic distributions. The first cluster had two subclusters:
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one containing the control, colchicine 200 mg/l, colchicine 150
mg/l, caffeine 50mg/l and caffeine 150mg/l treatments, and the
other containing ultraviolet —ray 6 hour treatment. The second
cluster could also be divided into two subclusters: one
containing Gamma-ray 0.5 k gray, Gamma-ray 1 k gray, and
Gamma-ray 1.5 k gray treatments, and the other containing
caffeine 200 mg/l, ultraviolet-ray 2 hour and ultraviolet-ray 4
hour treatments. The colchicine (100 mg/l and 50 mg/l)
treatments showed the highest similarity to the control, while
the Gamma-ray (0.5,1,1.5) k gray treatments exhibited the
lowest similarity. Refer to Figure (5) for a visual representation.

Similarity
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Figure 5. Dendrogram for the 13 samples of Capparis spinosa
treatments constructed from the SDS-Protein
produced data using the UPGMA method and
similarity matrices computed using DSC's.
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Figure 6. The amount of rutin compound under the effect of Gamma-ray (0.5,1,1.5 KG), ultraviolet ray (2, 4, 6 h),

Optimization of chromatographic condition

The High-performance liquid chromatography
(HPLC) technique is commonly used to separate, identify, and
quantify components in mixtures like Rutin. The UV-Vis
spectrum analysis successfully detected Rutin at a wavelength
of 210 nm, which provided clear separation and accurate
retention time (Nkwocha, C.C.et al, 2022)

According to Table (7), the highest amount of rutin
(4.483 mg/ml) was produced after exposure to ultraviolet
radiation for 4 hours. The lowest amount of rutin (1.213
mg/ml) was found in the caffeine 150 mg/l treatment and that
showed in figure (6)

Table 7. The amount of Rutin of treated samples by using
HPLC method validation with wavelength at 210

< —

Colchicine S0 mg/!

Colchicine 150 mg/l

Caffeine 50 mg/l

Colchicine 100 mg/l

Caffeine 100 mg/l Caffeine 150 mg/1

colchicine (50,100,150 mg/l), caffeine (50,100,150 mg/l) using HPL.C chromatogram.

160

nm.

NO. Samples Amount of Rutin (mg/ml)
0 Standard 1
1 Control 1.394
2 Colchicine 50 mg/I 2212
3 Colchicine 100 mg/l 1.924
4 Colchicine 150 mg/I 1.308
5 Caffeine 50 mg/I 2.997
6 Caffeine 100 mg/l 1.695
7 Caffeine 150 mg/l 1213
8 Gamma - ray 0.5 k Gray 3.237
9 Gamma - ray 1 k Gray 3.831
10 Gamma - ray 1.5 k Gray 3.997
11 Ultraviolet 2 hour 3.976
12 Ultraviolet 4 hour 4.483
13 Ultraviolet 6 hour 3.569
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This finding aligns with the results reported by Gupta,
G. et al. (2021). Similarly, Hanafy, R.S. and Akladious, S.A.
2018 observed that a 0.025% concentration of colchicine
increased biochemical parameters such as total flavonoids,
total phenolics, total carotene, and total antioxidants compared
to the control. Zhang,H. and Ma,Z.F. (2018) mentioned an
increase in total flavonoids, rosmarinic acid, caffeic acid,
hyperoside, and phenolic levels in P. vulgaris under the
influence of UV-B radiation.
Antibacterial assay

The standard reference antibiotic Chloramphenicol at
30 pg per disc showed that the zone of inhibition against
Bacillus subtilis bacteria range between 28 to 37 mm.

According to table (8), the highest zone of inhibition
(33 mm) was recorded by the treatment of capparis spinosa
explants with gamma ray 1.5 K gray against Bacillus subtilis
bacteria and also, the treatment of capparis spinosa explants
with ultraviolet 4 hour against Bacillus subtilis bacteria gave
(31 mm). as well as the inhibition zone decrease with increase
in dilution while the treatment of capparis spinosa explants

with colchicine 50mg/l against Bacillus subtilis bacteria
doesn’t produce any inhibition zone that due to the difference
in the carbohydrate side of rutin synthesis, difference in the
stereoscopic shape of rutin, the mutation occurred that led to
the degradation of the carbohydrate part of rutin and that
showed in figture (7).

Table 8. Antibacterial activity of methanolic elicitated
explants Extracts of Capparis Spinosa against
Bacillus subtilis bacteria

Zone of inhibition (mm)#

Std* Oppm L:lppm 1:2ppm
Control 29 15 12 10
UV.4h 31 31 20 12
Gammal.5 k gray 37 33 21 13
Colchicine 50mg/1 32 0 0 0
Caffeine 50 mg/I 28 25 14 11

# Values are mean of three replicates; $ - Control (without treatment);
*Std. - Standard antibiotic, Chloramphenicol (30 pg); 1:1 and 1:2
dilution extract: methanol.
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Figure 7. Antibacterial activi of methanolic elicitated explants Extracts of Capbaris Spinosa against Bacillus subtilis

bacteria.

(A) untreated media (control) ,(Al) untreated media dilution 1:1 ,(A2) untreated media dilution 1:2, (B) media treated by gamma ray 1.5 k gray (B1)
media treated by gamma ray 1.5 k gray dilution 1:1 (B2) media treated by gamma ray 1.5 k gray dilution 1:2 ,(C) media treated by ultraviolet ray 4
hour , (C1) media treated by ultraviolet ray 4 hour dilution 1:1 (C2 media treated by ultraviolet ray 4 hour dilution 1:2, (D) media treated by colchicine
50mg/l , (D1) media treated by colchicine 50mg/l dilution 1:1 (D2) media treated by colchicine 50mg/l dilution 1:2 , (E) media treated by caffeine 50 mg/I
, (E1) ) media treated by caffeine 50 mg/l dilution 1:1 and (E2) media treated by caffeine 50 mg/l dilution 1:2
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This observation was in agreement with that reported
by Prakash, M. and Karmegam, N. (2012). They showed that,
the inhibition of bacterial isolate x. campestris by some of the
solvent plant extracts in different concentrations similar to the
standard antibiotic (Bacteriomycin) and that mean plant
extracts can serve as a good alternative to chemical
bactericides

CONCLUSION

The effect of ultraviolet and gamma rays on Capparis
spinosa led to the change in DNA, this mutation was transmitted
to RNA and a difference occurred in the protein product which
led to an increase in rutin at a large rate the responsible of
flavonol-3-Oglucoside Lrhamnosyl transferase (RT).

The result of the dense protein in the colchicine and
caffeine treatments is an increase in the activity of the rutinase
enzyme responsible for breaking down rutin into quercetin,
while radiation inhibits this enzyme, that is why rutin is high
in radiation treatments and low in chemotherapy.

The highest value of rutin production was exposed to
ultraviolet rays for four hours, this treatment gave high
inhibition zone against Bacillus subtilis bacteria (31mm) and
low similarity rate was 84 % according to untreated plant
(control) that using ten SRAP primers and appearing
morphological differences gave the highest callus growth,
flattening of the leaf and increasing in number of leaves while
dwarfing the shoot length.

Finally, we recommended that the use of ultraviolet-C
rays for four hours with short a wavelength linear tube (254
nm) and a distance of 10 cm from the UV-C lamp is the best
treatment to produce a high frequency of useful mutations in
Capparis spinosa.

REFERENCES

Abdulhafiz, F., Kayat, F. and Zakaria, S. (2018). Gamma
irradiation effect on the growth of Musa cv. Tanduk
(AAB), Asian J Agri & Biol , 6(2):135-142.

Alzahrani, KM, Fallatah, S.M., Almehmadi, F.A., Alghamdi, J.S.,
Alsulaimani, A.l., Alkhaldi, L.M., Alsuwayhi, A.G. (2022),
Colorectal Cancer and Its Screening Among Public in the
Western Region of Saudi Arabia, Cureus, 14(7).

Ansari, S.M. (2020). The effect of caffeine and nicotine on different
plant growth, International Journal of Advance Research,
2454-132X, Impact factor: 6.078, 6.

Azizan, N.1., Shamsiah, N., Hasan, N.A. and Hussein, S. (2020).
Morphological characterization of Colchicine- induced
Mutants in Stevia rebaudiana, Sustainable Agriculture and
Biosystem, 757 012006.

Babina, D., Podobed, M. and Bondarenko, E. (2020). Seed
Gamma Irradiation of Arabidopsis thaliana ABA-Mutant
Lines Alters Germination and Does Not Inhibit the
Photosynthetic Efficiency of Juvenile Plants, Dose-
Response, volume 18(4).

Bahmani,M., Yousefi,S. and Kartolinezhad, D. (2016). The
effects of gamma radiation on seed germination and vigour
of Caper (Capparis spinosa var. parviflora) medicinal
plant, Iranian Journal of Seed Research Iranian J. Seed
Res, 3(1):15-26.

Bauer, A\W., et al. (1966) Antibiotic susceptibility testing by a
standardized single disk method. American Journal of
Clinical Pathology, 45, 493-496.

Castronuovo, D. , Sofo, A. ,Lovelli, S. , Candido, V. and Scopa,
A (2017). Effects of UV-C radiation |
on common dandelion and purple
coneflower, International Journal of Plant Biology, 8.

162

Cimen, B. (2020). Induction of Polyploidy in C35 Citrange through
in Vitro Colchicine Treatments of Seed-Derived Explants,
International Journal of Fruit Science, 20.

Cuong Le, K, Ho, T.T., Lee, JD and Paek, K.Y. (2020).
Colchicine Mutagenesis from Long-term Cultured
Adventitious Roots Increases Biomass and Ginsenoside
Production in Wild Ginseng (Panax ginseng Mayer),
Agronomy, 10(6):785

Dai, J.,, Zhang Y., Gu, Y., Wen, B., Guan, J.and Li, L. (2020).
Effects of Gradient Concentration of Colchicine on Callus
Induction and Differentiation of Rose rosea, Earth and
Environmental Science, 526.

Dhutmal R.R., Mundhe A.G. and More A.W. (2018). Molecular
Marker Techniques. International journal of current
microbiology and applied sciences, Vol. 6,816-825.

Dwivedi,K., Kumar, K. and Kumar,G. (2021). Outcome of UV-B
exposure and induction of some chlorophyll
phenodeviants in two important hepatoprotective
ethnomedicinal wild plants, Vegetos, 34, 700-708.

El-Khateeb, M. A., Abdel-Ati, K. E. A. and Khalifa, M. A. S.
(2016).  Effect of Gamma Irradiation on Growth
Characteristics, Morphological Variations, Pigments and
Molecular Aspects of Philodendron scandens Plant,
MEJAR,2077-4605, 05, 6-13.

El-Nashar, Y.I. and Ammar, M.H. (2016). Mutagenic influences
of colchicine on phenological and molecular diversity of
Calendula officinalis L, Genet Mol Res, Pages:15

Eng, W. H., Ho, W. S, and Ling, K. H. (2021). Effects of
colchicine treatment on morphological variations of
Neolamarckia cadamba, Interational Journal of
Agricultural Technology, 17: 47-66

Ernest, p. Fokam; Noélle, H., Apala, M., Godswill, Ntsefong,
N. Thiruvengadam and Muthu (2020). Radiosensitivity
of two varieties of watermelon (Citrullus lanatus) to
different doses of gamma irradiation, Revista brasileira de
botanica,43: 897-905.

Errington,J. and Aart ,L.T. (2020). Microbe Profile: Bacillus
subtilis: model organism for cellular development, and
industrial workhorse , Microbiology , 166 (5): 425-427

Fulzela, P. D., Satdive, R., Kamble,S., Singh, S. and Singh, S.
(2015). Improvement of Anticancer Drug Camptothecin
Production by Gamma Irradiation on Callus Cultures of
Nothapodytes  Foetida, International ~ Journal  of
Pharmaceutical Research & Allied Sciences, VV4:19-27.

Gianguzzi V, Inglese P, Barone E, Sottile F. (2020) , In Vitro
Rooting of Capparis spinosa L. as Affected by Genotype
and by the Proliferation Method Adopted During the
Multiplication Phase , Plants (Basel), 16;8(6):177.

Gupta,G. , Memon, N.G. , Pandey, B. , Khan ,M.S., Igbal, M.S.
and Srivastava, J.K. (2021 ). Colchicine Induced Mutation
in Nigella Sativa Plant for the Assessment of Morpho -
physiological and Biochemical Parameter Vis-A-Vis In
Vitro Anti-Inflammatory Activity, the open biotechnology
journal, 15, 173-182.

Hailu, M.J., Mawcha, K. T., Nshimiyimana, S. and Suharsono, S.
(2021).Garlic ~ Micro-propagation and  Polyploidy
Induction In Vitro by Colchicine, Plant Breed. Biotech.,
9:1-19.

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

Hanafi, N. N. M., Azni, N. A. N, Maraikan, H. H. J., Mokhtar, W.
N. F. A.W., Azam, N. A. N. and Kamarulzaman, A. F. S.
(2020). studies on the effect of caffeine on the growth rate
of Ipomoea aquatic, GADING Journal of Science and
Technology, 3


https://www.pagepress.org/journals/index.php/pb/article/view/7255/7747
https://www.pagepress.org/journals/index.php/pb/article/view/7255/7747
https://www.pagepress.org/journals/index.php/pb/article/view/7255/7747
https://www.pagepress.org/journals/index.php/pb/article/view/7255/7747
https://www.pagepress.org/journals/index.php/pb/article/view/7255/7747
https://link.springer.com/article/10.1007/s42535-021-00214-0#auth-Kshama-Dwivedi
https://link.springer.com/article/10.1007/s42535-021-00214-0#auth-Kamini-Kumar
https://link.springer.com/article/10.1007/s42535-021-00214-0#auth-Girjesh-Kumar
https://link.springer.com/journal/42535
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7376258
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7376258
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7376258
https://gadingst.learningdistance.org/index.php/gadingst/issue/view/5
https://gadingst.learningdistance.org/index.php/gadingst/issue/view/5

J. of Agricultural Chemistry and Biotechnology, Mansoura Univ., Vol. 14 (11), November, 2023

Hanafy , R.S. and Akladious ,S.A. (2018). Physiological and
molecular studies on the effect of gamma radiation in
fenugreek (Trigonella foenum-graecumL.) plants
Journal of Genetic Engineering and Biotechnology , 16,
683-692.

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

Inocencio, C., Alcaraz, F., Calderdn, F., Obon, C. and Rivera,D.

(2002), The use of floral characters in Capparis sect.

Capparis to determine the botanical and geographical

origin of capers, European Food Research and

Technology, volume 214, pages335-339.

E.M., Norrizah, J.S. and Anilizawatima,N. S. and
Safura,S. J. (2015). Effect of low gamma radiation on the
growth of Vanilla planifolia cultures, Malaysian Applied
Biology, 44:59-63.

Kianersi, F., Abdollahi, M.R., asl, A. M., Dastan, D.and Faiza
Rasheed (2020), Identification and  tissue-specific
expression of rutin biosynthetic pathway genes in Capparis
spinosa elicited with salicylic acid and methyl jasmonate ,
Scientific Reports

Kusmiyati,F., Sutamo, Sas, M.G.A. and Herwibawa, B. (2017) .
Mutagenic effects of gamma rays on soybean (Glycine
max L.) germination and seedlings, Earth and
Environmental Science, 102.

Li, D., Li, X, Ding, X. and Park, K.H. (2008). A process for
preventing enzymatic degradation of rutin in tartary
buckwheat (Fagopyrum tataricum Gaertn) flour, Food
Science and Biotechnology,17(118-122).

Liu, Z., Shen, T., Zhang, J., Li, Z., Zhao,Y., Zuo, Z., Zhang, J. and
Wang, Y. (2021). A Novel Multi-Preprocessing Integration
Method for the Qualitative and Quantitative Assessment of
Wild Medicinal Plants: Gentiana rigescens as an Example,
Sec. Technical Advances in Plant Science, Vol :12.

Matsumoto, H., Haniu, H. and Komori, N. (2018), Determination
of Protein Molecular Weights on SDS-PAGE,
Electrophoretic Separation of Proteins, pp 101-105.

Mutuli,G.P., Mbuge,D.O., Gitau,A.N.(2022). Effect of humidity
on aflatoxin contamination for selected African leafy
vegetables, J Food Sci Technol, 2724-2730.

Neelamegam, R. and Sutha ,T. (2015) .UV-C Irradiation Effect on
Seed Germination, Seedling Growth and Productivity of
Groundnut (Arachis hypogaea L.) , Int.J. Curr. Microbiol.
App. Sci , 4(8) :430-443.

Nkwocha C.C., Ogugofor M.O. and Chukwuma I.F. (2022)
JIdentification and Characterization of Phytochemicals and
Constituents in Desmodium Velutinum Stem Using High
Performance  Liquid Chromatography  (Hplc)
SSRN: https://ssm.com/ abstract= 4006028 , page 13.

Kartini,

Prakash,M. and Karmegam,N. (2016), Dynamics of nutrients and
microflora during vermicomposting of mango leaf litter

(Mangifera indica) using Perionyx ceylanensis,
International Journal of Global Environmental
Issues 10(3)

Prakash,M. and Karmegam,N. (2012), In-vitro antibacterial
activity of certain plant extracts against plant disease
causing bacteria isolated from citrus  plant,
Int.J.Curr.Microbiol. App.Sci ,PP1-11

Robarts,D.,W.,H. and Wolfe, A.D. (2014), Sequence-related
amplified polymorphism (SRAP) markers: A potential
resource for studies in plant molecular biology, Appl Plant
Sci, 2(7).

Rosmaina , Elfianis ,R. , Janna ,A. , Erawati, T., Yani, L., Solin,
N.N.W.M. and Zulfahmi (2021) . Mutation induction in
the pineapple (Ananas comosus L. Merr) using colchicine,
Earth and Environmental Science, 905.

Schumann,K.M.  (1888), Einige neue
, antwiki.org , page1-66.

Shahwar, D., Khan, Z. Aand Ansari, M. (2020) . Evaluation of
mutagenized lentil populations by caffeine and EMS for
exploration of agronomic traits and mutant phenotyping ,
Ecological Genetics and Genomics, 14.

Sztatelman,O. , Grzyb, J. , Gabry$ ,H. and Bana$, AK. (2016).

The effect of UV-B on Arabidopsis leaves depends on

light conditions after treatment, BMC Plant Biology, 15.

A. and Sharma, R. (2021). Random amplified
polymorphic DNA and inter simple sequence repeat
markers reveals genetic diversity between micro
propagated, wild and field cultivated genotypes of

Gloriosa superba: an endangered medicinal plant, Mol

Biol Rep, 3:2437-2452.

Vigneshwari, C., Nagaraj, R. and Karmegam, N.(2014),
Synergistic  Anti-Staphylococcus aureus  (Methicillin
Resistant) Activity of Ethnomedicinal Plants from
Shevaroy Hills (Eastern Ghats), South India, International
Journal of Current Research in Biosciences and Plant
Biology , ISSN: 2349-8080

Yarar, G., Kocak,M., Denli, N., Cavagnaro,P. F. and Yildiz, M.
(2022). Determination of the effective radiation dose for
mutation breeding in purple carrot (Daucus carota L.) and
possible variations formed, Mol Biol Rep, 49: 5219-5228.

ZhangH.and Ma, ZF. (2018), Phytochemical and
Pharmacological Properties of Capparis spinosaas a
Medicinal Plant, Nutrients , 10(2): 116.

Ameisenpflanzen

Tilwari,

Bacillus subtilis biS; b (o (g 5% odldaas 15 1 ghmm L bisl) il o Sl o)
2 A8alf daaa daa) jali g3aaal @Lm A (i pdi 2 Jaaa il gl 2l G\Ju daaa daa) clglUS!\ G ad) ol hadl

aﬁm‘:‘aab-:\sbj\:\:\s-‘\:ﬂbj\WU‘G\)"H e..el
g nda 3 S - A0 g 1, ) o2
4l )3l Sl S e Cpitadl & g dgma— g slaall g ddall Il gy a3

gadlall

u,&}J)A\ub_A\ ‘_Jc(u.\.ﬁ\ﬁ\sM,ﬂ\cw\d)ﬁ%‘N\sh\;@\)u\)ﬂad\wﬂrhailyljﬂqﬁamf}sCapparaceae%&\w\)}mmw)hﬂ
&_UQL\\AJJJU\)J\}”_\X:@Qb)h}ﬂ}@ﬂ\d}b}t})ﬂ\méh&u\w\d}ﬁwy\ds);u)&b\ \)yuuua)hsg_ihﬂ@b)nwu\}d)&\@Lmﬁ\g_us)ﬂb
m(/89)4.1\.~u‘;c\J@.EuASRAP PCRWubeaﬁ@MbuM@b}\wﬂ\ C"“U‘ dbj)(hx:j })d\maah)b&.ﬂ&‘}s Mﬁhu&ﬁ\u\w\
/(‘“4483);,&-’})4-“‘5‘_;‘;‘{&" HPLC?‘M\J(}J}J‘&WUA&J& M\)J“A_\;u:}\ el);}LS()SL«l; @(/SI)M@Lﬁ‘hjmﬂ/PASOM}Se\M\
Al ) Ca gl g J.\X/eu150)5)44@3&\44;5@\‘_:M|w(&/eu1213)«&;‘&\&;4_3,.4;&\?4@‘uhu4mwldﬁu&>\lmﬂ\u4)um(&
umwddl)a/}ﬁ] S\A\AMYM)MS\@U\UM(M33)M‘:\:\U| bacillus subtilis L S aca )y s (s USH e da jaisall U 7K adl) L3l
&M\a&uﬁdﬂ@\mﬁ(b _).\V SOM)SJAAM\uM\MMM‘JMc()@31)ub|ubh@)|aﬁmd}ﬂ‘u§muﬂ‘ubu|
(M\/U\thﬁ)db}\}lu‘)ﬁ_\x_‘(H066)M\J}L (@J\/du283)&J)d\wlam)AL\.\cg.dac\;u;d.ae‘}(\uh(ubm4aadmad\d}ew‘¥h ALM\)

(o p2e 4.483) Adlall (45 5 )l B A8V (2 1.849) LS sais

163


https://www.sciencedirect.com/science/article/pii/S1687157X18300180#!
https://www.sciencedirect.com/science/article/pii/S1687157X18300180#!
https://www.sciencedirect.com/science/journal/1687157X
https://www.sciencedirect.com/science/journal/1687157X/16/2
https://www.sciencedirect.com/science/journal/1687157X/16/2
https://www.nature.com/articles/s41598-020-65815-2#auth-Farzad-Kianersi
https://www.nature.com/articles/s41598-020-65815-2#auth-Mohammad_Reza-Abdollahi
https://www.nature.com/articles/s41598-020-65815-2#auth-Asghar-Mirzaie_asl
https://www.nature.com/articles/s41598-020-65815-2#auth-Dara-Dastan
https://www.nature.com/articles/s41598-020-65815-2#auth-Faiza-Rasheed
https://www.nature.com/articles/s41598-020-65815-2#auth-Faiza-Rasheed
https://www.nature.com/srep
https://pubmed.ncbi.nlm.nih.gov/?term=Mutuli+GP&cauthor_id=35734105
https://pubmed.ncbi.nlm.nih.gov/?term=Mbuge+DO&cauthor_id=35734105
https://pubmed.ncbi.nlm.nih.gov/?term=Gitau+AN&cauthor_id=35734105
https://papers.ssrn.com/sol3/cf_dev/AbsByAuth.cfm?per_id=5020670
https://papers.ssrn.com/sol3/cf_dev/AbsByAuth.cfm?per_id=5020671
https://papers.ssrn.com/sol3/cf_dev/AbsByAuth.cfm?per_id=5020672
https://ssrn.com/%20abstract=%204006028
https://www.researchgate.net/journal/International-Journal-of-Global-Environmental-Issues-1741-5136?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/journal/International-Journal-of-Global-Environmental-Issues-1741-5136?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.semanticscholar.org/author/D.-Shahwar/6311496
https://www.semanticscholar.org/author/Z.-Khan/51112328
https://www.semanticscholar.org/author/M.-Ansari/23714665
https://www.sciencedirect.com/science/journal/24059854
https://www.sciencedirect.com/science/journal/24059854/14/supp/C
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5852692/

