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             apparis spinosa var. deserti Zohary (Family: 

Capparaceae), is an edible medicinal plant which is 
considered as an excellent genetic source of flavonoids. It 
is a threatened species that is listed among the endangered 

and unutilized plant species. In an attempt to preserve C. spinosa from 
genetic erosion, micropropagation was employed as a useful way to 
mass propagate this plant due to the high population diversity and 
problems in traditional propagation methods. Furthermore, molecular 
and biochemical evaluation was carried out in C. spinosa callus under 
the influence of different chemical treatments. The best appropriate 
medium for proliferation of C. spinosa shoot tip explants was 
Murashige and Skoog (MS) medium supplemented with 2.0 mg/l 2iP. 
An efficient procedure for inducing high frequency direct shoot 
organogenesis from leaf explants in response to thidiazuron (TDZ) is 
reported. TDZ at 0.75 mg/l induced shoot organogenesis. The effect 
of different concentrations of two elicitors; salicylic acid (SA), methyl 
jasmonate (MeJA) and the precursor phenylalanine (Phe) on quercetin 
and rutin biosynthesis was examined. Metabolic results were 
confirmed by elevated transcript level of quercetin and rutin 
biosynthetic genes, 4-coumaroyl CoA ligase and flavonol-3-O-
glucoside L-rhamnosyltransferase in C. spinosa callus. This study 
provides useful data regarding the vital role of plant growth regulators 
in conservation and micropropagation of C. spinosa var. deserti. 
Moreover, these results suggest that quercetin and rutin content in C. 
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spinosa can be enhanced to a significant extent by SA, MeJA, and Phe 
treatments and the gene expression patterns of qurecetin and rutin 
biosynthesis-related genes are regulated by these elicitors.  

Keywords: Capparis spinosa var. deserti, micropropagation, flavonoids, 
gene expression, 4-coumaroyl CoA ligase, flavonol-3-O-
glucoside L-rhamnosyltransferase 

INTRODUCTION 
In the present context of unparalleled biodiversity loss (Eizaguirre and 

Baltazar-Soares, 2014 and IPBES, 2019), the molecular conservation of 
natural populations of plants is a vital goal for maintaining genetic diversity. 
These plants have a current or potential economic value either in themselves 
or as donor of genes. It is necessary therefore to set priority for what should 
be conserved. The first priority is for rare and endangered species. Among 
these priority plants, is caper (Capparis spinosa L. Family: Capparidaceae), 
which is a threatened species and it is listed among the endangered and 
unutilized plant species (NUS) as reported by Padulosi et al. (2002). 
Fortunately, this plant is well suited to the harsh Mediterranean summer 
climate (Levizou et al., 2004). In Egypt's flora, C. spinosa var. deserti Zohary, 
is classified as an endangered confined shrub to north of Siwa Oasis (Boulos, 
2009). This plant is a part of the Egyptian plant diversity and is economically 
important. It is considered as a gene pool for its tolerance to the severe 
environmental conditions particularly drought stress where it grows naturally. 
Since the seed germination of this species is slow, so it is difficult to propagate 
naturally (Ben Salem et al., 2001; Yildirim and Bayram, 2001; Soyler and 
Khawar, 2007). Moreover, the rooting rate is very low in case of propagation 
by cuttings (Ben Salem et al., 2001 and Bhargava et al., 2006). Moreover, the 
slow growth is also a barrier, because apical and axillary buds become 
dormant during specific time periods (Sharma, 2014). The conventional 
method of propagation through seed is not preferred for multiplication of 
caper plant due to the low germination percentage probably, because its seed 
coat contains inhibitors (Ölmez et al., 2004). On the other side, C. spinosa has 
not been propagated through vegetative cuttings due to the low rooting 
percentage (55%) with low success degree (30%), as reported by Inocencio et 
al. (2002).   

There is an urgent need to play a vital role towards the preservation 
of C. spinosa from gradual disappearance and extinction from their natural 
habitat in Southern Sinai. For our knowledge, results of vegetative 
propagation by stem cuttings appears to be strongly dependent on the type of 
propagation material as affected by the environment (Barbera and Di Lorenzo, 
1984) and is therefore considered unsuitable for rapid clonal propagation or 
crop establishment (Ramezani-Gask et al., 2008 and Gruère et al., 2019). 
Tissue culture technique is one of the effective means of preserving plant 
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genetic resources. On the other hand, micropropagation is considered an 
interesting alternative for rapidly obtaining genetic homogenous and uniform 
plant material, suitable for more specialized plantings. It must be taken in right 
consideration, the possible somaclonal variations which are often observed in 
micropropagated plants, probably deriving from the massive use of hormones 
in the production cycle (Hare et al., 2016).  

There is misuse of caper as a result of dietary habits, local culinary 
customs and the lack of home market for its products. Caper also is a 
medicinal plant that can be used in folk medicine and pharmaceutical industry 
(Abou Hadid et al., 2004). Capers are said to reduce flatulence and have anti-
rheumatic properties, uses for arteriosclerosis, as diuretics, kidney 
disinfectants and vermifuges. Moreover, infusions and decoctions from caper 
root bark have been traditionally used for dropsy, anemia, arthritis and gout.  

Capers contain considerable amounts of the antioxidant bio-
flavonoids (Soyler and Khawar, 2007). Flavonoids can be defined as 
phytochemical compounds with potential applications in medicinal chemistry 
(Feliciano et al., 2015 and Shan et al., 2017). The importance of these 
flavonoids is due to their various medicinal benefits to the human body, 
including anti-inflammatory, antiviral, antioxidant and anti-cancer properties 
(Ullah et al., 2020). These compounds are classified depending on their 
chemical structure into three major types including, flavonoids or 
bioflavonoids, isoflavonoids and neoflavonoids (De-Souza et al., 2021). Some 
of the best-known flavonoids are rutin and quercetin due to their medicinal 
benefits (Panche et al., 2016). Biosynthesis of secondary metabolites is often 
induced via chemical elicitors through upregulating their biosynthetic 
pathways genes (Giri and Zaheer, 2016). Previous elicitation studies reported 
the role of several chemical stimulants including salicylic acid (SA), methyl 
jasmonate (MeJA) and phenylalanine (Phe) to activate secondary metabolites 
production in different plants (Qian et al., 2004; Jiao et al., 2016 and Kianersi 
et al., 2020). 

At molecular level, several genes play a vital role in plant secondary 
metabolites biosynthesis and transcription regulation within the biosynthetic 
pathway of flavonoids (Ewas et al., 2016; 2017 and Jan et al., 2021). Among 
these genes, 4-coumaroyl CoA ligase (4CL) and flavonol-3-O-glucoside L-
rhamnosyltransferase (RT) have been reported to be directly implicated in the 
biosynthesis of various flavonoids in several medicinal plants, especially 
capers (Kianersi et al., 2020). It can be emphasized that 4CL and RT play a 
key role in a signal transduction pathway in response to different chemical 
elicitors and can regulate the biosynthesis of flavonoid compounds in plants 
(Giri and Zaheer, 2016 and Kianersi et al., 2020). 

Nowadays, with increasing global demand for flower buds, 
cultivation of caper crop plays a vital role in the rural economy and village 
society (Chedraoui et al., 2017). The expansion of caper production faces 
many problems, including the great variability of population due to cross 
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pollination behaviors that results in high degree of heterozygosity within 
progenies (Musallam et al., 2011). In order to maximize caper products 
utilization and for better natural exploitation as well as to prevent the genetic 
erosion of native population, in vitro culture methods have been experienced 
to overcome these problems and to improve caper mass clonal propagation 
production. Many previous studies reported that the combination of basic 
media composition and growth hormones intake should indeed be the first 
consideration in optimal growth and secondary metabolites accumulation 
(Hegazi et al., 2011; Musallam et al., 2011; Carra et al., 2012 and Goda et al., 
2017), but the use of elicitors and precursors as adjunct to these two basics 
have been used with success in this work. This enhancement was performed 
by using the elicitors, SA and MeJA along with the precursor Phe, that 
provided significant increase in the flavonoids content quercetin and rutin 
more than flavonoids content estimated in wild plants. Also, genetic fidelity 
of micropropagated plants was confirmed through RAPD analysis and a stable 
chemical profile as estimated by HPLC analysis. 

The current study aims to develop a stable and effective protocol for 
the clonal propagation of selected accessions of caper plants. This 
investigation also inclusive addressing the drawbacks of previous protocols, 
including the extreme heterogeneity, genotype and random response, which 
restrict the applicability of these protocols. This literature provides a good 
understanding of the optimal combination of influencing factors such as 
propagation methods, growth regulators sort and concentration, rooting 
media, length and duration individually or in combination. This work paves 
the way for a better understanding of the molecular mechanism of the genes 
involved in the biosynthesis pathway of different flavonoids in response to 
treatment with various chemical elicitors in C. spinose var. deserti. 

MATERIALS AND METHODS 

1. Plant Material and Explants Preparation 
C. spinosa var. deserti explants were collected from Siwa Oasis, 

Marsa Matrouh governorate (North Coast), Egypt. Shoots with active growing 
terminal buds were selected, moistened, and wrapped. Explants were washed 
for 2-3 h under running tap water. 

2. Sterilization of Explants 
Surface sterilization was performed in the Laminar Air Flow Hood 

under full aseptic conditions to prevent explant contamination with bacteria 
or fungi after culturing in the medium. The explants were washed in soap and 
then rinsed for 1 h under running tap water. Surface disinfection of explants 
was performed using 70% ethanol for 1 min, followed by 25% (v/v) Clorox 
(containing 5.25% NaOCl) for 5 min, and then washed three times with sterile 
distilled water to eliminate Clorox residues. For 1 min, mercuric chloride at 
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0.1% (w/v) was utilized. Then, it was washed three times with sterile distilled 
water. 

3. Culture Conditions and Basic Nutrient Medium 
Sterilized shoots were dissected to stem node parts (1.5-2 cm long) 

and shoot tips (0.5-1 cm long) and planted vertically on Murashige and Skoog 
(MS) solid basal medium (Murashige and Skoog, 1962). Sucrose (30 g/l) was 
added to MS medium. Benzyl adenine (BA), kinetin (Kin) 2-
isopentenyladenine (2iP), gibberellic acid (GA3), β–naphthalene acetic acid 
(NAA), indole-3-butyric acid (IBA) and 2,4- dichlorophenoxy acetic acid 
(2,4-D) were used separately or in combination at various concentrations. 
Before using 2.7 g/l phytagel, the media were adjusted to a pH of 5.7- 5.8. The 
media were dispensed into 40 ml volumes in large jars. Jars were then sealed 
with polypropylene caps and autoclaved at 121°C for 20 min at a pressure of 
1.12 kg/cm2, before being allowed to cool (GA3 was sterilized by filtration by 
0.22 µm filter). In the Laminar Air Flow Hood, sterilized explants were 
cultured on prepared media under full aseptic conditions. Tissue culture jars 
were then put in an air-conditioned incubation room at 25±2°C for 16 h 
photoperiod with light intensity of 3000 lux given by cool white light 
fluorescent tubes. 

4. Effect of BA with NAA on Initiation of Shoots 
Establishing of in vitro culture for stem node sections was carried out 

on MS medium supplemented with 0.0, 0.5, 1.0, 2.0 and 3.0 mg/l BA in 
combination with 0.0, 0.1 and 0.2 mg/l NAA, for activation of shoot buds. 
Percentage of survived explants, growth induction percentage (%) and mean 
number of axillary shoots/explant were recorded after six weeks of culture. 

5. Impact of Different Cytokinins on in Vitro Growth and Development  
The shoots were transferred to the multiplication stage after the 

initiation stage to MS medium supplemented with different concentrations of 
BA, Kin and 2iP at 0.0, 0.5, 1.0, 2.0 and 3.0 mg/l, respectively, for shoots 
multiplication. The explants were subcultured in glass jars on the optimum 
medium formula to provide stock materials for further experiments. After six 
weeks, the mean number and length (cm) of axillary shoots/explant and 
hyperhydricity degree were recorded. 

6. Impact of TDZ and Zeatin on Direct Organogenesis  
The purpose of this experiment was to examine how different 

concentrations of TDZ and zeatin (0.0, 0.25, 0.5, 0.75, 1.0 and 1.5 mg/l) 
impacted on in vitro shoots produced from young leaves (fully expanded). The 
average number and length of adventitious buds/explant, organogenesis 
percentage and hyperhydricity degree were determined after 12 weeks.  
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7. Effect of GA3 With or Without 2iP on the Elongation of in Vitro 
Proliferated Shoots 

To enhance the elongation of the in vitro proliferated shoots, an 
elongation experiment was carried out using MS salts and vitamins 
supplemented with different concentrations of GA3 (0.0, 1.0, 2.0, 3.0 and 4.0 
mg/l) with or without 0.5 mg/l 2iP. After eight weeks post-incubation, the 
average length of axillary shoots (cm) was measured. 

8. Effect of Auxins; IBA and NAA, on the Rooting of Shoots 
In addition to the control (free from plant growth regulators), 

elongated shoots were tested for rooting on root induction MS medium 
containing 1 g/l activated charcoal (AC), 30 g/l sucrose, and 2.7 g/l phytagel, 
as well as different auxin treatments; IBA, NAA, or both (0.0, 1.0, 1.5 and 2.0 
mg/l). After eight weeks of culture, the rooting percentage (%), mean number 
of roots/explant, mean length of roots, and shoot height (cm) were determined. 

9. Acclimatization 
Rooted shoots (4-7 cm long) were washed from medium residues and 

fungicide-treated with topsin (w/v) solution, then hardened off in soilrite for 
two weeks before transplanting into pots filled with a sand-peat moss (1:1 v/v) 
soil mixture. Transparent polyethylene bags were used to cover the pots, 
which were then placed in a greenhouse. After one week, the covers were 
progressively removed over the course of a month. The number of transplants 
that survived (%) was registered. 

10. Induction and Maintenance of Callus  
  In vitro derived leaves were cut into approximately 1 cm2 segments, 
and used as explants. They were cultured on the surface of MS medium 
supplemented with different concentrations and combinations of an auxin; 
2,4-D and BA as a cytokinins. In addition to MS control medium (free from 
plant growth regulators). The media were supplied with 30 g/l sucrose and the 
pH was adjusted to 5.7- 5.8 before gelling with 2.7 g/l phytagel. Then were 
dispersed into 100 ml glass jars, 30 ml per each jar, and autoclaved at 121°C 
under a pressure of 1.2 kg/cm² for 15 min. Cultures were incubated at 25±2°C 
in the total darkness till sufficient amount of calli were produced. Induced calli 
were transferred to fresh media of the same composition each four weeks. Ten 
replicates of each treatment were used, the percentage of callus formation and 
fresh weight of callus (g/jar) were recorded after eight weeks of culture. 
 

11. Elicitation and Precurarization 
Chemical feeding: The produced calli were cultured on MS medium 

supplemented with 1.0 mg/l 2,4-D and 0.5 mg/l BA, and augmented with three 
different concentrations of the two elicitors; SA (0, 25, 50 and 100 ppm) and 
MeJA (5, 10 and 20 ppm) and the precursor Phe at 25, 50 and 100 ppm to 
elevate the amount of rutin and qurecetin. Cultures were incubated at the same 
conditions as described above. Each treatment consists of 10 replicates, and 
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the percentages of callus formation and fresh weight of callus (g/jar) were 
recorded after four weeks of culture. Calli were dried by freezing to constant 
weights, and the dry weight of callus was taken as g/g fresh weight. 

12. HPLC Analysis  
Materials: Rutin and quercetin were used as calibration standards. 

Rutin (94%) was obtained from Sigma-Aldrich (India) and quercetin (99%) 
was obtained from S.D Fine-Chem Ltd. All reagents and solvents were 
analytical and high-performance liquid chromatography (HPLC) grade. The 
powdered 30-days old calli material of C. spinosa var. deserti was collected. 

Preparation of the extract: Calli extract was prepared by Soxhlet 
extraction of 100 g of powdered calli material using 70% ethanol at 80°C for 
about 5 h in successive batches. The first batch was extracted by adding 500 
ml solvent for about 3 h, and further two successive extractions were done by 
adding 300 ml/batch for 1 h. After completion of extraction, the cooled liquid 
was concentrated by evaporating its liquid contents in rotary evaporator to 
remove the solvent residue to nil, with an approximate yield of 2%. The 
extract powder was used for further experiments. 

Instrumentation and chromatographic conditions: HPLC was 
performed on a Shimadzu LC-2030 C Prominence-i (Japan) system equipped 
with a quaternary low-pressure gradient solvent delivery LC-2030 pump with 
a high-pressure switching valves, online LC-2030 degasser unit, a high-
sensitivity LC-2030 ultraviolet (UV) detector, high-speed drive LC-2030 
autosampler with a 100 µl loop and it accommodates 216 samples at a time 
with direct access rack system and large-capacity column oven. The system 
controlled and data analyzed by laboratory solution system software. A 
gradient elution was carried out in Kinetex XB-C18 column (100 A°, 100 mm 
× 4.6 mm, 2.6 µm pore size). The mobile phase consists of two different 
solutions 0.5% acetic acid and acetonitrile which acted as solution A and 
solution B. All solutions were degassed and filtered through 0.45 µm pore size 
filter. The gradient elution initial conditions were 18% of eluent B with linear 
gradient to 18.5% from 0.01 to 7 min, followed by linear gradient to 35% of 
eluent B at 9 min and this proportion being maintained for 2 min. The mobile 
phase composition returned to the initial condition at 10 min and allowed to 
run for another 5 min before the injection of another sample. The total runtime 
of each sample is 15 min. The flow rate was 1.0 ml/min and the sample 
injection volume was 5 µl. The column was maintained at 26°C throughout 
analysis and the UV detector was set at 356 nm. Seventy percentage methanol 
used as a diluent for assay by HPLC analysis and the total LC runtime was 15 
min. The instrument was calibrated and qualified before the analysis. Using 
these chromatographic conditions, it was possible to confirm the retention 
time (RT) of rutin and quercetin by injection of corresponding standards 
separately. 
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Preparation of standard solution: Accurately weighed appropriate 
amounts of rutin and quercetin reference standards were dissolved in 70% 
methanol in a 25 ml volumetric flask to obtain a stock solution. The 
concentration of rutin and quercetin in the solution was 220, and 220 ppm, 
respectively. Working standard solutions were obtained by diluting the 2.0 ml 
standard stock solution to 10 ml volumetric flask and made up with 70% 
methanol to get a final concentration of 44, 16 and 44 ppm for rutin and 
quercetin. 

Preparation of sample solution: The dried calli extract was prepared 
in 70% methanol to achieve the final concentration of 400 ppm. Before 
analysis, the solutions were filtered through 0.2 µm nylon membrane filters. 

Preparation of spiked sample solution: Three different volumes (1, 
2 and 3 ml) of standard stock solution were added to the sample solution (400 
ppm) separately. The standard stock solution was spiked into the samples to 
determine recovery. Before analysis, the solutions were filtered through 0.2 
µm nylon membrane filters. 

13. Genetic Uniformity Assessment of Micropropagated Plants by RAPD 
Analysis 

Genomic DNA extraction: DNA was extracted from fresh leaves 
from the in vitro regenerated plantlets as well as control plants (mother plants) 
using a CTAB protocol (Zidani et al., 2005) and DNA concentration was 
determined by measuring OD260 at 260 nm wavelength using NanoDrop 
(ND-1000 spectrophotometer). 

Random amplified polymeric DNA (RAPD): A set of fourteen 
random primers (Table S1) was used in the detection of polymorphism among 
the regenerated plantlets and control. RAPD-PCR was carried out in 25 µl 
reaction volume containing 12.5 µL Master Mix (Qiagen), 2 µL primer (20 
pmole), 2 µL templates DNA of concentration (20 ng / µL) and 8.5 µL water 
nuclease free. 

Thermo cycling profile and determination of PCR products: PCR 
amplification was performed in a C1000-Thermo cycler (Master cycler 
gradient eppendorf) programmed to fulfill 40 cycles after an initial 
denaturation cycle for 5 min at 94°C. Each cycle consisted of a denaturation 
step at 94°C for 30 s, an annealing step at 40oC for 30 s, and an elongation 
step at 72oC for 30 s. A final extension step of was performed at 72oC for 7 
min. The amplification products were resolved by electrophoresis in a 1.5% 
agarose gel containing ethidium bromide (0.5 µg/ml) in 1X TAE buffer (45 
mM Tris borate, 1 mM EDTA) at 95 volts. PCR products were visualized on 
UV light and photographed. Amplified products were visually investigated by 
presence or absence of the bands. 

Capillary electrophoresis: DNA fragments (the in vitro regenerated 
plantlets as well as mother plants) were analyzed in the automatic 
multicapillary electrophoresis (QIAxcel-QIAGEN). Isolated DNA was placed 
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in the instrument sample tray, 10 ml of the DNA samples were automatically 
injected into the capillary channel and subjected to electrophoresis according 
to the protocol AM420 (method separation time: 420 s method injection time: 
10 s, method separation voltage: 5.0 kV and method injection voltage: 5.0 kV) 
of the QIAxcel DNA Screening Kit. 

14. RNA Isolation, cDNA-Synthesis and q-RT-PCR Data Analysis 
Total RNA was extracted from both frozen plant and calli samples 

with Trizol reagent (Invitrogen) and the first-strand cDNA were synthesized 
using 3 µg of RNA and 200 U of M-MLV reverse transcriptase (Invitrogen) 
according to the manufacturer’s protocol. RT-PCR was carried out to amplify 
a 400 bp fragment of 4CL and RT with 31 cycles using the first-strand cDNA 
as a template. In addition, actin was amplified with 24 cycles as an internal 
control. Real-time PCR was performed on an optical 96-well plate in an AB 
StepOnePlus PCR system (Applied Biosystems) by using SYBR Premix 
reagent F-415 (Thermo Scientific). Relative gene expression was calculated 
using a relative quantification method (Livak and Schmittgen, 2001). All 
primers used in this analysis are listed in table (S2). 

15. The Free Radical Scavenging Capacity of DPPH 
DPPH (1,1-diphenyl-2-picrylhydrazyl) free radical scavenging 

capacity of the calli extracts was evaluated spectrophotometrically by a 
slightly modified method of Brand-Williams, Cuvelier, and Berset (Brand et 
al., 1995) as described by Dulf et al. (2015). Briefly, methanolic 
extract/standard solution (40 µL) was mixed with 200 µL of DPPH solution 
(0.02 mg/ml) and incubate for 15 min at room temperature and then the 
absorbance was measured at 517 nm using a multi-mode plate reader (BioTek, 
Winuschi, VT, USA). The results were expressed as micromol Trolox 
equivalents (µmol TE) /100 g sample (DW). Scavenging activity was 
calculated as follow: 
Radical-scavenging (DPPH) activity (%) = [(Acontrol-Asample) / Acontrol] × 

100 
Where A is the absorbance at 515 nm. 

16. Determination of the Oxidative Stress Biomarker Malondialdehyde  
The standard protocol of Madhava Rao and Sresty (2000) was used to 

measure malondialdehyde (MDA) dependent content and to determine lipid 
peroxidation. Fresh leaf tissues were ground in 0.1% trichloroacetic acid 
(TCA) and centrifuged at 10,000 g for 5 min. Then, 4 ml of thiobarbituric acid 
(TBA) (prepared in 20% TBA) was added to 1 ml of supernatant and boiled 
at 100°C for 30 min. The reaction mixture was terminated on an ice bath, 
followed by centrifugation at 10,000 g for 10 min. The intensity of color 
formation was read at 530 and 600 nm with a spectrophotometer (Beckman 
640D, USA). 
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17. Data Analysis 
The experiments were subjected to completely randomized design. 

All data were represented as mean ± SD and processed in SPSS. Two-way 
ANOVA followed by Tukey’s test was used to determine significant 
difference between groups. Statistical significance was set at P ≤ 0.05. 

RESULTS AND DISCUSSION 
1. Micropropagation of Capparis spinosa var. deserti 
1.1. Establishment stage 

The results displayed significant differences in the establishment rate 
between the treatment sets (Table 1). The explants started to respond after 45 
days of culturing on MS medium supplemented with different concentrations 
and combinations of BA and NAA. The medium containing different 
concentrations of BA and NAA caused the earlier blooming of buds without 
necrosis (Fig. 1). The highest average establishment percentage (85%) 
occurred on 2 mg/l BA combined with 0.1 mg/l NAA. In this study, new 
plantlets were regenerated from lateral buds, which were more stable than 
plants raised from callus. The lowest establishment percentage (18%) was 
observed in the growth regulators-free treatment. The major goal of the 
establishing stage is to have a large proportion of explants that are pathogen-
free (Murashige, 1974). The success of this stage is influenced by explant 
selection, contaminant removal, and culture conditions, which include 
additives, light, temperature, and explant support selection (Hartmann and 
Kester, 1983). 

Table (1). In vitro establishment of stem node sections of Capparis spinosa 
var. deserti cultured on MS medium supplemented with BA and 
NAA.  Results were taken after 6 weeks of culture. 

Growth regulators 
conc. (mg/l) 

Percentage of 
survived explants  

(%) 

Percentage of 
growth induction 

(%) 

Mean number 
of axillary 

shoots/ explant BA  NAA 
0.0 0.0 18k 1.00k 0.10l 

0.5 0.0 40g 10.00j 1.00k 

1.0 0.0 48f 50.00h 1.30j 

2.0 0.0 55c 78.00a 2.40d 

3.0 0.0 50e 61.00d 2.00f 

0.5 0.1 30i 15.00i 1.62i 

1.0 0.1 51d 53.00f 2.70b 

2.0 0.1 85a 70.00b 2.83a 
3.0 0.1 68b 65.00c 2.26c 

0.5 0.2 20j 1.00k 1.30j 

1.0 0.2 35h 52.33g 1.90g 

2.0 0.2 40g 65.00c 2.10e 

3.0 0.2 40g 60.00e 1.80h 
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Fig. (1). Establishment of stem node sections of Capparis spinosa var. deserti 

on MS medium supplemented with 1 mg/l BA.  

1.2. Impact of different of cytokinins on the in vitro growth and 
development 

Multiplication is the fast growth of organs that might eventually result 
in the formation of a plant. This is accomplished by increasing axillary shoot 
initiation (Murashige, 1974). This step is done on a regular basis to achieve 
large-scale shoot multiplication for commercial purposes (Smith and 
Murashige, 1970). The success of micropropagation technique depends upon 
the use of growth regulators in the culture medium. Growth regulators regulate 
the growth and developmental processes. These are the key factors in 
initiating the process of regeneration in tissue culture. In most of in vitro 
studies, explants do not respond well on culture media without growth 
regulators. An interactive balance of auxins and cytokinins controlled the in 
vitro growth and differentiation response in plant tissues (Sharma, 2014). In 
the present study, the impact of three different kinds of cytokinins (BA, Kin 
and 2iP) on C. spinosa var. deserti growth and development was carried out. 
The in vitro multiplication of shoots is shown in (Table 2 and Fig. 2). 

The findings show the influence of different concentrations of BA, 
Kin, and 2iP, as well as the control medium without plant growth regulators, 
on C. spinosa var. deserti multiplication.  2iP produced more shoots than BA 
or Kin, MS medium supplemented with 2.0 mg/l 2iP gave 7 shoots/explant. 
In comparison to the other treatments, MS medium containing 0.5 mg/l 2iP 
produced the longest mean length of axillary shoots (0.81 cm). MS medium 
containing 2.0 mg/l 2iP was the most suitable medium for multiplication of 
shoot tip explants. This medium gave the highest percentage of survival 
(100%) and mean number (7.0) of axillary shoots per explant with high 
hyperhydricity degree (3.2). In this respect, it is important to mention that the 
medium including formation and growth of adventitious shoots from explants 
should contain more cytokinin in relation to auxin (Murashige, 1974). 
Cytokinin such as BA enhances cell division and formation of adventitious 
buds and shoots (Torres, 1989). Also, Elmaghrabi et al. (2017) showed that 
multiple branches and leaves of C. spinosa were obtained on MS medium 
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supplemented with 2.0 mg 2iP, Kin or zeatin. The positive effect of 2iP as a 
cytokinin in the enhancement of in vitro formed shoots agrees with the 
observations of Hassanein et al. (2008), who found that 2iP gave promising 
results in enhancing of axillary shoots of Capparis cartilaginea by using 0.5 
or 1 mg/L 

Table (2). Effect of BA, Kin and 2iP on the proliferation of Capparis spinosa 
var. deserti axillary shoots.  

Growth regulators conc. 
(mg/l) 

Mean number 
of axillary 

shoots/ explant 

Mean length of 
axillary   shoots 

(cm) 

Hyperhydricity 
degree 

BA Kin 2iP 
0.0 0.0 0.0 0.10k 0.10j 1.1l 
0.5 0.0 0.0 2.00i 0.73h 2.2g 
1.0 0.0 0.0 3.00e 0.70i 2.8e 
2.0 0.0 0.0 5.00c 0.81a 4.2b 
3.0 0.0 0.0 6.00b 0.79g 4.9a 
0.0 0.5 0.0 1.00j 0.74g 1.3k 
0.0 1.0 0.0 2.00i 0.78d 1.5j 
0.0 2.0 0.0 2.31g 0.76f 1.9i 
0.0 3.0 0.0 2.10h 0.77e 2.1h 
0.0 0.0 0.5 2.00i 0.81a 2.1h 
0.0 0.0 1.0 2.80f 0.80b 2.5f 
0.0 0.0 2.0 7.00a 0.77e 3.2c 
0.0 0.0 3.0 4.00d 0.74g 3.1d 

 
 
 
 
 
 
 
 
 
 
 
Fig. (2). Proliferation of shoots of Capparis spinosa var. deserti on MS 

medium supplemented with 2.0 mg/l 2iP. 

1.3. Influence of TDZ and zeatin on direct organogenesis  
In vitro organogenesis of woody species plays an essential role in the 

improvement of forest products by providing saplings with high commercial 
value. An efficient and simple procedure for inducing high frequency direct 
shoot organogenesis in C. spinosa var. deserti from leaf explants in response 
to TDZ and zeatin is reported. The impact of the tested MS medium 
supplemented with various levels of TDZ and zeatin on the number of 
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adventitious buds, hyperhydricity degree and regeneration frequency 
throughout the organogenesis process are shown in table (3) and fig. (3). Leaf 
explants were used to produce the shoots. Shoot regeneration began in the 
second week and lasted until the completion of the study (12 weeks). When it 
came to the quantity of adventitious buds, the influence of TDZ on the trait 
was significant, especially when MS culture medium was supplemented with 
0.75 mg/l, resulting in 14 adventitious shoots/explant. Likewise, the impact of 
zeatin on the given trait was significant, particularly when zeatin was added 
to MS culture medium at 0.75 mg/l, which resulted in the highest mean value 
of the defined character (2.0 adventitious buds/explant).  

Table (3). The effect of cytokinin concentration on the formation of 
adventitious shoots (direct organogenesis) from Capparis 
spinosa var. deserti leaf explants. 

Growth regulators 
conc. (mg/l)  

Organogenesis 
percentage 

(%) 

Mean number 
of adventitious 
shoots/explant 

Mean length of 
axillary   shoots 

(cm) 

Hyperhydricity 
degree 

TDZ Zeatin 
0.00 0.00 1g 0.1h 0.1g 1.00h 
0.25 0.00 30d 6.0d 2.8c 1.10g 
0.50 0.00 75b 9.0c 2.6d 1.10g 
0.75 0.00 80a 14.0a 2.0f 1.10g 
1.00 0.00 75b 10.0b 2.5e 1.20e 
1.50 0.00 70c 4.0e 3.0a 1.50d 
0.00 0.25 1g 0.1h 0.1g 1.13f 
0.00 0.50 5f 1.0g 3.0a 1.20e 
0.00 0.75 9e 2.0f 2.9b 1.60c 
0.00 1.00 1g 0.1h 0.1g 1.70b 
0.00 1.50 1g 0.1h 0.1g 1.80a 
    L.S.D at 5%  0.51 7.60 0.02 

Furthermore, TDZ showed a very highly significant (P≤ 0.005) effect 
on the traits under study, especially when MS medium was augmented with 
TDZ at 0.75 mg/l, which achieved the highest organogenesis percentage 
(80%) compared to other treatments. In the case of hyperhydricity, it was 
observed in all of the treatments at varying degrees. The highest vitrification 
value was obtained using MS medium containing 1.50 mg/l zeatin (1.8). On 
the other hand, Hassan and Abdelkader (2015) showed that the highest 
significant number of axillary shoots/explant, axillary shoot length, number 
of leaves/shoot and main shoot length of 4.22, 23.04 and 4.77 cm, respectively 
were recorded when nodal explants of caper were cultured on MS medium 
supplemented with 0.5 mg/l BA combined with 0.1 mg/l NAA during 
establishment stage. While in the multiplication stage, BA at 0.5 mg/l 
combined with 0.1 mg/l NAA and 1.0 mg/l diphenyelurea gave the highest 
values of axillary shoot length, number of leaves/shoot and main shoot length 
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of 17.74, 8.88 and 11.66 cm, respectively. Also, Mehrabani (2016) showed 
that the highest shoots proliferation of Capparis spinosa was obtained on MS 
medium supplemented with 3 mg/l cytokinin. More shoot multiplication was 
obtained at the same medium by subculturing shoot segments with 2-3 nodes 
every seven weeks (for two times). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. (3). Organogenesis process of Capparis spinosa var. deserti a. Swilling 

of leaf buds; b. Organogenesis induction on MS medium containing 
0.75 mg/l TDZ; c. Development of organs after 6 weeks; d. 
Advanced shoot formation after the second subculture.  

1.4. Effect of GA3 with or without 2iP on the elongation of in vitro 
proliferated shoots 

The effect of various concentrations of GA3 and/or 2iP on the 
elongation of proliferated axillary shoots after several subcultures was 
investigated. Table 4 and fig. (4) show the effect of various concentrations of 
GA3 alone or in combination with 2iP on the elongation of C. spinosa var. 
deserti in vitro proliferated shoots. In comparison to the other tested media, 
MS medium containing 3 mg/l GA3 produced substantially the highest mean 
length of axillary shoots of approximately 4.2 cm (Fig. 4). The combination 
of GA3 and 2iP produced the least response, making this treatment unsuitable 
for promoting axillary shoot elongation. The medium containing 0.5 mg/l 2iP 
in addition to 3 mg/l GA3 was superior in its effect on shoot elongation, 
indicating that 2iP showed improvement of axillary shoots elongation. This 
positive effect of 2iP as a cytokinin in enhancing the elongation of in vitro 
produced shoots is compatible with Hassanein et al. (2008) findings that 2iP 
gave encouraging results in enhancing the elongation of axillary shoots of 
Capparis cartilaginea using 0.5 or 1 mg/l 2iP. GA3 is an effective growth 
regulator for seed germination as well shoot elongation. A number of workers 

a b 

c d 
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used GA3 in their culture media and found useful results (Kotnala et al., 2011 
and Al-Safadi and Elias, 2011).  

Table (4). Elongation of in vitro proliferated shoots of Capparis spinosa var. 
deserti cultured for 6 weeks on MS medium supplemented with 
different concentrations of GA3 and 2iP (0.5 mg/l). 

Growth regulators conc. 
(mg/l) 

Mean length of axillary shoots 
(cm) 

GA3 2iP 
1 0.0 2.1g 
2 0.0 2.4d 
3 0.0 4.2a 
4 0.0 3.5b 
1 0.5 1.8h 
2 0.5 2.2f 
3 0.5 2.7c 
4 0.5 2.3e 
 

 
 
 
 
 
 
 
 
 
 
 

Fig. (4). Elongation of Capparis spinosa var. deserti shoots on MS medium 
containing 3 mg/l GA3. 

 
1.5. Effect of auxins; IBA and NAA, on the rooting of shoots 

The aim of the rooting stage is to prepare the plantlets for 
transplantation and establishment outside of the culture vessel's artificial, 
closed atmosphere (Hartmann and Kester, 1983). The transition to conditions 
that favour shoot elongation and root initiation is the most significant change 
at this point. The rooting of shoot cuttings was done at this point. Rooting of 
shoot cuttings, hardening of plants to impart some moisture stress tolerance, 
and conversion of plants from heterotrophic to autotrophic states are all part 
of this level (Murashige, 1977). In this experiment, elongated shoots with a 
length of at least 3 cm were checked for rooting in vitro. 

Sixty days post-incubation, the highest rooting percentage of 
(54.33%) was obtained on MS medium supplemented with 1.5 mg/l IBA plus 
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1.0 mg/l NAA (Table 5 and Fig. 5). In addition, the mean number and length 
of roots and shoot height were also superior on this medium; they reached 6.2, 
2.3 cm and 5.3 cm, respectively. Subsequently, explants treated with 2 mg/l 
of IBA plus 1.0 mg/l NAA achieved 50% rooting. On MS medium 
supplemented with 0.5 or 1.0 mg/l IBA, however, the lowest significant 
rooting percentage was obtained. Since then, high IBA concentrations have 
promoted tissue lignification, resulting in a significant reduction in rooting 
capacity. Capparis spinosa was confronted with this problem (Ben Salem et 
al., 2001). There was no rooting response in the control MS medium, which 
was devoid of growth regulators. In vitro produced plantlets with well-
developed roots were successfully acclimatized ex vitro in the greenhouse 
conditions. Transplants showed good growth and uniformity (Fig. 6). 

Table (5). Effect of MS medium containing 1 g/l AC and different treatments 
of auxins; IBA and NAA, on the rooting of Capparis spinosa var. 
deserti shoots.  

Auxin conc. 
(mg/l) 

Rooting 
(%) 

Mean number of 
roots/ explant 

Mean length 
of roots (cm) 

Mean shoot 
height (cm) 

IBA NAA 
0.0 0.0 0.10l 0.1l 0.20p 2.5p 
0.5 0.0 20.00j 2.1k 1.10h 2.9o 
1.0 0.0 22.00i 3.1j 1.20g 3.5k 
1.5 0.0 25.00g 4.1d 1.40e 4.1h 
2.0 0.0 23.00h 3.5g 1.30f 3.8i 
0.0 0.5 20.00j 3.2i 0.72k 3.1n 
0.0 1.0 20.00j 3.8e 0.79j 3.4l 
0.0 1.5 28.00f 4.2c 0.81i 3.6j 
0.0 2.0 25.00g 4.1d 0.79j 3.2m 
0.5 0.5 15.00k 3.2i 0.61o 4.2g 
1.0 0.5 15.00k 3.4h 0.63n 4.5f 
1.5 0.5 25.00g 3.6f 0.65l 4.7d 
2.0 0.5 30.00e 3.5g 0.64m 4.1h 
0.5 1.0 37.00d 4.1d 1.70d 4.6e 
1.0 1.0 40.00c 4.8b 1.90c 4.9c 
1.5 1.0 54.33a 6.2a 2.30a 5.3a 
2.0 1.0 50.00b 3.1j 2.10b 5.1b 
  L.S.D at 5% 0.46 0.46 3.93 5.14 
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Fig. (5). Rooting of Capparis spinosa var. deserti on MS medium 

supplemented with 1.5 mg/l IBA plus 1.0 mg/l NAA after 60 days 
of incubation. a. Rooting initiation; b. Rooting development. 

 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. (6). Hardened in vitro derived plantlets of Capparis spinosa var. deserti. 

A previous study on axillary buds of wild C. spinosa plants reported 
that the highest percentage of average number of rooted shoots (56.7%) was 
obtained with 1.5 mg/l NAA (Attia et al., 2017). In another study, Capparis 
species, such as C. decidua, the best rooting result was achieved on a medium 
supplemented with IBA (1 mg/l) (Tyagi and Kothari, 1997), but in a 
subsequent work of the same authors (Tyagi et al., 2010), 1.0 mg/l IBA 
combined with 0.5 mg/l IAA was considered better, whereas Deora and 
Shekhawat (1995) found that 60–70% of the shoots rooted when pulse treated 
with 100 mg/l IBA. In another species (C. orientalis), closely related to C. 
spinosa, the highest rooting percentage (60%) was obtained with 1 mg/l of 
both IBA and NAA (Hegazi et al., 2011) and, lastly, Carra et al. (2012), found 
that the rooting rate of the wild bushes C. orientalis was equally efficient in 
the media supplemented with 2 mg/l of IAA or IBA, or in growth regulator-
free rooting medium, whereas NAA at 2 mg/l was discarded due to the 

a b 
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abundant callus formation on the induced roots. Also, Mehrabani (2016) 
showed that auxin type (IBA and NAA), levels (0, 1 and 2 mg/l) and medium 
strength (½MS and MS) as well as cultivar (Varzegan and Miyaneh) of C. 
spinosa had profound effects on root number. The result showed that, with 
increasing auxins concentration, rooting percentage was increased. The 
greatest rooting response was acquired from MS medium supplemented with 
2 mg/l of NAA. Finally, Kereša et al. (2019) showed that the rooting was 
equally efficient in the media supplemented with 2 mg/l of indole-3-acetic 
acid (IAA) or IBA or in growth regulator-free rooting medium. A prolonged 
time in the media increased the rooting efficiency, while the carry-over effect 
had no influence. The acclimatization rate reached 66%. BA and its stable 
derivatives are suspected to inhibit rooting, whereas meta-topolin (mT), an 
aromatic natural cytokinin alternative to BA, and its derivatives do not inhibit 
in vitro root formation, and their breakdown is relatively fast. Nonetheless, 
they did not find any significant difference in the rooting efficiency between 
the microshoots previously proliferated in the two different cytokinins, BA, 
and mT, probably due to the very low concentration of cytokinins used during 
the proliferation phase.  

Micropropagated plants of C, spinosa var. deserti were conserved ex 
situ at the field gene bank of the Regional Center for Conservation and 
Maintenance of Endangered Plant Genetic Resources at El-Hammam city, 
Matrouh Governorate Egypt.  
1.6. Genetic uniformity assessment of micropropagated plants by RAPD 
analysis 

For genetic uniformity surveys, RAPD was performed to analyze the 
genetic stability of in vitro regenerated plants of a random selection manner 
as well as the mother plant using four random primers. Out of fourteen random 
primers, two primers succeeded to develop high amplification (Table S1 and 
Fig. 7). Fig. (7) shows the similar banding patterns between mother and 
random in vitro regenerated plants that puts an emphasis on that the clonal 
propagation was developed with low risk of somaclonal variation or any 
genetic aberration in regenerated plant. Genetic assessment of the in vitro 
regenerated plants by RAPD markers has been reported (Martins et al., 2004 
and Venkatachalam et al., 2007). Bhowmik et al. (2009) reported genetic 
uniformity of in vitro micropropagated Mantisia spathulata using RAPD 
analysis. Also, all banding profiles from regenerated plants of Alpinia galanga 
L. were similar to the mother plant (Parida et al., 2011). 
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Fig. (7). Genetic fidelity assessment among micropropagated and mother 

plants of Capparis spinosa var. deserti using RAPD marker. a. 
Screening various primers for polymorphism. M: 100 bp ladder, 1: 
OPC-08, 2: OPC-10, 3: OPC-15, 4: OPD-20, 5: OPG-03, 6: OPD-
12, 7: OPH-02, NTC: no template as negative control (NC), 8: OPB-
13, 9: OPB-10, 10: OPB-03, 11: OPA-14, 12: OPA-08, 13: OPA-
06, 14: OPA-05, b. Screening of in vitro and mother plants using 
OPC-08 primers M: 100 bp ladder, 1–5 in vitro plant samples and 
6–10 mother plants samples. c. Screening of in vitro and mother 
plants using OPB-03 primers M: 100 bp ladder, 1–5 in vitro plant 
samples and 6–10 mother plant samples. 

2. Production of Active Constitutes by Callus Cultures  
2.1. Induction and maintenance of callus  

The leaf sections of C. spinosa var. deserti induced 100% of yellowish 
white friable callus on all MS media containing either 2,4-D individually or 
in combination with BA (Table 6 and Fig. 8). The highest mean fresh weight 
of callus reached 6.7 g/jar, on MS medium containing 2.0 mg/l 2,4-D plus 0.50 
mg/l BA (Fig. 8a). It is noticed from the obtained data that using MS medium 
containing 0.5 mg/l BA and those lacking BA; the response of leaf explants 
increased with the increase in 2,4-D concentration. The control medium 
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without plant growth regulators did not induce any callus formation. It could 
be concluded from the obtained data that MS medium supplemented with 2.0 
mg/l 2,4-D plus 0.5 mg/l BA was the best medium for callus induction from 
leaf sections, it gave the maximum mean fresh weight of callus, comparing to 
the other tested media. From the obtained results, it could be concluded that 
2,4-D played an important role in callus induction and maintenance. The 
supplementation of culture medium with three concentrations (0.5, 1 or 2 
mg/l) of 2,4-D alone or in combination with two concentrations (0.1 or 0.5 
mg/l) of BA generally led to 100% of yellowish white friable callus 
production after two months of culture. However, the percentage of mass 
callus development varied depending on the plant growth regulators 
concentrations that were used. The positive effect of 2,4-D as an auxin in 
combination with BA as a cytokinin is supported by several reports (Perez 
Frances et al., 1995; Nowak and Miczynski, 2002 and Gang et al., 2003). 
These reports mentioned that in order to induce callus development, explants 
from Artichum mosses are usually cultured on a nutrient medium containing 
auxins and cytokinins.  Also, MS medium amended with BA and 2,4-D has 
been reported to be extremely effective in inducing callus formation (Zeng et 
al., 2009), as cytokinins facilitated the effect of auxins in callus induction (Rao 
and Purohit, 2006). The superiority of 2,4-D is supported by Yang et al. 
(2008), who found that it is superior to NAA in callus induction of Leonurus 
heterophylus SW. Elmaghrabi et al. (2017) showed that high percentage 
(95%) of callus induction was obtained from C. spinosa on MS medium 
supplemented with 1.2 mg/l 2,4-D plus maltose. 

Table (6). The induction of callus from leaf sections of Capparis spinosa var. 
deserti cultured on MS medium containing 2,4-D with or without 
BA. 

Growth regulators 
concentration (mg/l) 

Percentage of 
callus induction 

(%) 

Mean fresh 
weight of callus  

(g/ jar) 2,4-D BA 
0.0 0.0 0  m0.1 
0.5 0.0 100 l0.8 
1.0 0.0 100  j1.5 
2.0 0.0 100  h2.3 
3.0 0.0 100 g3.0 
0.5 0.1 100  c5.0 
1.0 0.1 100  e4.1 
2.0 0.1 100  k1.2 
3.0 0.1 100 i2.0 
0.5 0.5 100  f3.5 
1.0 0.5 100  d4.3 
2.0 0.5 100  a6.7 
3.0 0.5 100 b5.2 
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Fig. (8). Callus of Capparis spinosa var. deserti induced on MS medium 

supplemented with 2 mg/l 2,4-D plus 0.5 mg/l BA. a. Callus 
initiation; b. Callus proliferation. 

 
2.2. Effect of elicitation and precurarization on callus growth rate  

By comparing the effect of different applied concentrations of two 
elicitors; SA (0.00, 25, 50 and 100 ppm) and MeJA (5, 10 and 20 ppm) and 
the precursor Phe (25, 50 and 100 ppm), data in table (7) show that the highest 
mean fresh weight of callus, was obtained on the medium contained 50 ppm 
Phe, and their values reached 7.86 g/jar (Fig. 8b). On the other hand, the 
lowest callus formation was observed on MS medium supplemented with 50 
ppm SA (3.04 g/jar). The dry weight of callus varied significantly with the 
different types and concentrations of additives. The maximum dry weight 
(0.72 g/g fresh wt.) was also produced on 50 ppm Phe, followed by the 
medium contained 100 mg/l 50 ppm Phe. While, the minimum dry weight of 
callus (0.17 g/ g fresh wt.) was obtained with control (without elicitors and 
precursor 

Table (7). Effect of the elicitors; salicylic acid and methyl jasmonate and the 
precursor phenylalanine on biomass, qurecetin and rutin 
accumulation in the callus of Capparis spinosa var. deserti. 

Concentrations of elicitors and 
precursor (ppm) 

Mean fresh 
weight of callus 

(g/ jar) 

Mean dry weight 
of callus  

(g/g fresh wt.) SA MeJA Phe 
0 0 0 3.34f 0.17e 
25 0 0 3.98de 0.24bd 
50 0 0 3.04f 0.18be 

100 0 0 3.20bf 0.19de 
0 5 0 4.66c 0.36c 
0 10 0 4.34cd 0.31c 
0 20 0 3.48ef 0.19de 
0 0 25 6.94b 0.61b 
0 0 50 7.86a 0.72a 
0 0 100 7.14b 0.67a 

a b 
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2.3. Effect of elicitation and precurarization on rutin and quercetin 
biosynthesis 

Data presented in fig. (9) reveal that two HPLC flavonoids, rutin and 
quercetin were detected after 30 days post elicitation and precurarization of 
C. spinosa var. deserti calli. Harvested callus cultures were able to accumulate 
both rutin and quercetin. The results showed that among all treated callus 
cultures, the highest rutin content detected with 100 and 50 ppm SA (83.98 
and 72.41 µg/g FW, respectively), followed by Phe precurarization treatment 
at concentrations of 50, 100 ppm (51.18 and 46.33 µg/g FW, respectively), 
compared with control treatment that recorded 7.81 µg/g FW. After 30 days 
of callus precurarization with Phe at concentrations of 50 and 100 ppm, 
quercetin content was accumulated significantly (7.37 and 6.25 µg/g FW) 
more than all the other treatments including SA, MeJA and control. In the 
same manner, elicitation of C. spinosa var. deserti calli with SA at 
concentrations of 25, 50 ppm showed significant increase in quercetin content 
of approximately 3.9 and 2.7 µg/g the unit, respectively), compared to the 
control treatment which exhibited the lowest quercetin content (0.14 µg/g 
FW). Elicitation with MeJA at concentrations of 10 and 20 ppm, slightly 
increased accumulation level of both rutin and quercetin in calli cultures, 
compared to control calli (Fig. 9). These findings agree with those of El-Ashry 
et al. (2019), who reported significant enhancement in flavonoid compounds 
after chemical feeding with different elicitors and precursors. SA and MeJA 
have a great role in the regulation of plant growth and development as 
hormone-like substances (Kang et al., 2006 and El-Ashry et al., 2019) where 
SA, MeJA and Phe induces gene regulation associated to the secondary 
metabolites biosynthesis (Taguchi et al., 2001 and El-Ashry et al., 2019) and 
affect diversely on the plant physiological processes (Malabadi et al., 2008a;b 
and El-Ashry et al., 2019). The obtained results about callus grown on non-
elicited MS medium by any elicitors or stimulator compounds negatively 
affected both rutin and quercetin content are confirmed by Goda et al. (2017).  
Phe as an amino acid accelerates primer metabolism operation during 
phosphor enol pyruvic acid conversion to pyruvic acid; this acid act as key 
compound in several biochemical pathways (Goda et al., 2017 and Noviyanti 
et al., 2017); Phe as an aromatic amino acid possess function as bio block of 
protein and has an effect on hormone synthesis such as salicylate and auxin 
(Tzin and Galili, 2010).  
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Fig. (9). Quercetin and rutin contents in callus of Capparis spinosa var. deserti 

treated with SA, MeJA and Phe. a. quercetin content (µg/g FW); b.  
rutin content (µg/g FW). Error bars indicate standard error values. 
Single (*P <0.05) and double (**P <0.01) asterisks denote 
statistically significant differences. 

2.4. Expression analysis of rutin and quercetin biosynthetic related-genes 
in C. spinosa var. deserti treated with SA, MeJA and Phe 

After elicitation and precurarization, total RNA was extracted from 
frozen callus of C. spinosa var. deserti and the first-strand cDNA were 
synthesized. To explore the mechanism controlling rutin and quercetin 
biosynthesis in caper plants, transcript levels of two identified genes were 
examined in callus of control and treated with 5, 10, 20 ppm MeJA and 25, 
50, 100 ppm SA or Phe using qRT-PCR method. Interestingly, most of the 
examined calli samples exhibited high positive significant response to the 
different concentrations of the elicitors SA and MeJA as well as Phe precursor. 
Transcript results exhibited dramatic increase of 4CL levels after elicitation 
treatment of callus with the different concentrations of SA; 25, 50 and 100 
ppm approximately 2, 3, 4-fold-changes, respectively, compared to non-
treated calli (Fig. 10a). In line with 4CL, elicitation with SA results in 
increased transcription level of RT almost 1.6, 2.6, 2.4-fold-changes at the 
different concentrations of 25, 50 and 100 ppm (Fig. 7b). In the same manner, 
precurarization with Phe showed significant accumulation in the transcript 
levels of both biosynthetic genes 4CL and RT (Fig. 7a and b). Elicitation of 
caper calli with MeJA at different concentrations; 5, 10 and 20 ppm slightly, 
elevated both 4CL and RT transcription levels (Fig. 10a and b). The obtained 
results of transcript analysis for both 4CL and RT genes in caper calli was 
confirmed by Hou et al. (2014) and Goda et al. (2017), who indicated 
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significant increase in response to elicitation or precurarization with different 
concentrations of SA, MeJA and Phe. 4-coumaroyl CoA ligase (4CL) and 
flavonol-3-O-glucoside L-rhamnosyltransferase (RT) are master key enzymes 
of flavonoids biosynthesis in plants. SA, MeJA and Phe induced up-regulation 
of 4CL and RT activities that consequently increased flavonoid production 
(Horvath et al., 2007 and Kianersi et al., 2020). Elicitation with SA and MeJA 
or precurarization with Phe exhibited high efficiency in secondary metabolites 
depends on many factors such as the concentration and mode of application 
of these compounds endogenous level of these compounds in plant, the type 
of tissue to be treated, as well as the developmental stage of the plant (Yang 
et al., 2008). Taken together, investigations of the present studies indicate that 
accumulation and biosynthesis of secondary metabolites are usually in 
response to various environmental stimuli, biotic and abiotic such as Phe, SA 
and MeJA (Horvath et al., 2007).  As a general rule, undifferentiated tissues 
growing in synthetic media show a greatly reduced capacity for secondary 
metabolism (George, 1993), this agreed with the previous results in which the 
highest yield of rutin and qurecetin was in the leaves of the wild plant. 
 

Fig. 10. Expression levels of rutin and quercetin biosynthesis-related genes in 
callus of Capparis spinosa var. deserti after elicitation and 
precurarization applications. a Expression levels of 4-coumaroyl CoA 
ligase (4CL) after SA and MeJA elicitation and Phe precurarization; 
b. Expression levels of flavonol-3-O-glucoside L-rhamnosyl 
transferase (RT) after SA and MeJA elicitation and Phe 
precurarization. Transcription levels for each gene was normalized 
based on the Ct values of Ubiquitin as a reference gene. Error bars 
indicate standard error values. Single (*P <0.05) and double (**P 
<0.01) asterisks denote statistically significant differences. 
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2.5. Evaluation the percentage of free radical scavenging capacity in 
callus cultures in response to chemical feeding 

Scavenging capacity (RSC) was evaluated by measuring the 
scavenging activity of C. spinosa var. deserti callus extracts on 2,2-diphenyl1-
picrylhydrazyl (DPPH) radicals. Capparis sp. contains considerable amounts 
of bioactive substances such as phenols and bio- flavonoids as reported 
previously (Soyler and Khawar, 2007). In this part of the study, extracts calli 
were examined for their hydrogen donating ability for binding with the DPPH 
free radical to reduce its stability, changing from green color to the yellow 
color according to the antioxidant activity determination. The effects of SA, 
MAJe and Phe with their different concentrations in calli culture medium were 
examined. Their efficacy of discoloration which in turn indicates to their 
radical scavenging capacity for calli were recorded (Fig. 11a). The obtained 
data revealed that all callus extracts exhibited significantly different 
antioxidant activity values for reduction DPPH free radical scavenging during 
the harvested period of culturing. The considerable increment in reduction of 
DPPH was attained with using SA at concentration of 25 ppm (82.5 ± 1.07%) 
and Phe at concentrations of 100 ppm and 25 ppm (82.1 ± 1.09% and 77.6 ± 
0.76%, respectively), followed by SA at concentration of 50 ppm and control 
(76.52 ± 0.73% and 76.52 ± 0.75%, respectively). In contrast, Phe at 
concentration of 50 ppm and MAJe at concentration of 20 ppm recorded lower 
values (63.77 ± 0.53% and 64.63 ± 0.53%, respectively), post elicitation and 
precurarization. According to the attained results, it is observed that the 
application of either SA or the Phe with their different concentrations 
enhanced the inhibition of DDPH rather than the control. Therefore, it is 
recommended to add one of them to C. spinosa var. deserti calli culture 
medium particularly SA at 25 ppm and Phe at 100 ppm, which is more potent 
than MeJA for stimulating the capacity of calli extracts to donate hydrogen 
atom for the enhancement of their antioxidant activity. Fortunately, several 
studies have detailed the effect of different elicitors and precursors on DPPH 
free radical scavenging capacity in different plants, including gardenia, shaftal 
clover, Ceropegia thwaitesii, sanguinaria and purple basil (Rodrigues-
Brandão et al., 2014; Muthukrishnan et al., 2018; El-Ashry et al., 2019; Twaij 
et al., 2019 and Nazir et al., 2020). The correlation between phenolic and 
flavonoid content was statistically evaluated with antioxidant activity that 
regulates DPPH content in plant cell (El-Ashry et al., 2019). 
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Fig. (11). Effect of elicitation and precurarization treatments on biochemical 
parameters of C. spinosa var. deserti callus. a. Free radical 
scavenging activity as DPPH (% inhibition); b. Malondialdehyde 
(MDA) content after elicitation and precurarization treatments. The 
data shown are the mean ±SE (n= 6). Single (*P <0.05) and double 
(**P <0.01) asterisks denote statistically significant differences. 

2.6. Effect of elicitation and precurarization treatments on 
malondialdehyde content  

Irrespective of the elicitation and precurarization treatments, levels of 
MDA in C. spinosa var. deserti increased in varying degrees, 30 days after 
chemical feeding (Fig. 11b). Elicitation with SA at concentrations of 25 and 
50 ppm exhibited the highest values of MDA (3.43 ± 0.07 and 5.7µmol/g FW 
± 0.1, respectively), followed by MeJA at10 ppm that showed 1.9 ± 0.03 
µmol/g FW seven days-post elicitation. Conversely, control treatment 
recorded lower values of MDA. Previous studies conducted on different plant 
species confirmed that despite the positive role of stimulating flavonoid 
compounds, it coincided with a noticeable increase in the level of MDA 
(Draper and Hadley, 1990; Esterbauer and Cheeseman, 1990; Chong et al., 
2004 and Ayala et al., 2014). Elicitation in plants can induce the production 
of reactive  oxygen  species  (ROS) such  as  hydrogen  peroxide  (H2O2)  and  
products  of  lipid peroxidation  as  MDA  (Hancock  et  al., 2002). 

CONCLUSION 
Based on its medicinal nature and high accessibility, C. spinosa var. 

deserti can be a vital nutritional nominee to be inclusive in the daily diet in 
order to prevent Alzheimer's disease. A reproducible, safe and credible 
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protocol for micropropagation of C. spinosa var. deserti through the high 
shoot multiplication rate and rooting was achieved in the present study. The 
obtained results suggested that using MS medium fortified with 2.0 mg/l 2iP 
exhibited the maximum rate of proliferation and TDZ at 0.75 mg/l induced 
shoot organogenesis. Metabolic results showed significant accumulation in 
rutin and qurecetin after calli elicitation with SA and MeJA as well as the 
precurarization with Phe. Moreover, the genetic stability analysis using the 
RAPD primers confirmed that there was no difference between the genotypes 
of the plant.  Furthermore, transcript levels of the flavonoids biosynthetic 
genes 4CL and RT in caper calli were significantly up-regulated in response 
to different concentrations of SA and MeJA elicitation and Phe 
precurarization. This study paves the way to conserve other endangered 
medicinal plants. 
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Table (S1). List of RAPD primers, their sequences and size range of the 
amplified fragments generated by randomly amplified 
polymorphic DNA (RAPD) markers for genetic analysis of in 
vitro probated and mother plants of Capparis spinosa var. 
deserti. 

No. Primer 
code 

Primer sequence No. of scorable 
bands per plant 

Size range 
(bp) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

OPC-08b 
OPC-10 
OPC-15a 

OPD-20a 

OPG-03 
OPD-12a 

OPH-02 
OPB-13 
OPB-10a 

OPB-03b 

OPA-14a 

OPA-08 

OPA-06a 

OPA-05a 

TGG ACC GGTG 
TGT CTG GGTG 
GAC GGA TCAG 
ACC CGG TCAC 
GAG CCC TCCA 
CAC CTG ATCC 
TCG GAC GTGA 
TTC CCC GCGT 
CTG CTG GGAC 
CAT CCC CCTG 
TCT GTG CTGG 
GTG ACG TAGG 
AAT CGG GCTG 
AGG GGT CTTG 

9 
4 
6 
7 
5 
6 
4 
4 
8 
9 
7 
3 
8 
6 

200-1000 
100-1000 
100-1500 
500-1000 
200-1000 
100-1500 
500-2000 
200-2000 
200-1000 
100-2000 
100-1500 
400-2000 
400-2000 
400-1500 

aPrimers showing higher polymorphism (6–8 bands). 
bPrimers showing maximum polymorphism were used for subsequent RAPD analysis. 

Table (S2). List of primers, their sequences used to qRT-PCR analysis. 
Real Time PCR  

primers 
Sequences (5ʹ to 3ʹ) TM  

(°C) 
Amplicon size  

(bp) 
4CL FW TTCCATATTCACACAG

AGAC 
58 94 

4CL RV CTTGACTGAAAGCACT
GG RT FW TCCTCAACCAGACATC

ACCAAAC 
57 94 

RT RV GCCAAACGCACAGAAC
ACACC UQ FW AAGACCTACACCAAGC
CCAA 

54 196 
UQ FW AAGTGAGCCCACACTT

ACCA  
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 ،رابكلا تابن ىلع ةیویح ةیئایمیكو ةیئیزج تاساردو ظفحلاو قیقدلا راثكلإا
 ةیرصملا ارولفلا يف ضارقنلإاب ددھم يرب تابن

 يدمح ،١میظعلا دبع ظوفحم رمات ،١دمحأ ىبنلا ىلع ةلاصلا لانم ،١لضفلا وبأ دیسلا دیسلا اضر
 ٤٦،ملاع زعملا دبع يمو *٥،سیوع دمحم ،٤،٣يلاغ نارمع ،٢میھاربإ
 رصم ،ةرھاقلا ،ءارحصلا ثوحب زكرم ،ةیثارولا لوصلأا مسق ،ةجسنلأا ةعارز ةدحو١
 رصم ،ةرھاقلا ،ءارحصلا ثوحب زكرم ،ةیثارولا لوصلأا مسق ،ةیویحلا ءایمیكلا ةدحو٢
 رصم ،ةرھاقلا ،ءارحصلا ثوحب زكرم ،ةبشعملا٣
  رصم ،ایجولونكتلاو يملعلا ثحبلا ةیمیداكأ ،ةیمیلقلإا ةیمنتلا زكارم٤
  رصم ،ةرھاقلا ،ءارحصلا ثوحب زكرم ،ةیثارولا لوصلأا مسق ،يجولوتیسلاو ةثارولا ةدحو٥
 رصم ،ةزیجلا ،ثوحبلل يموقلا زكرملا ،ةیتابنلا ةیویحلا ایجولونكتلا مسق ،ةمدقتملا مولعلل زیمتلا زكرم٦

 
 ةحلاصلا ةیبطلا تاتابنلا مھأ دحأ  Capparis spinosa var. deserti رابكلا تابن دعی            
 ةروھدتملا عاونلأا نمض فنصی امك ،دیونوفلافلا تابكرمل ازًاتمم ایًثارو ارًدصم ربتعی ثیح لكلأل
 نم تابنلا ىلع ظافحلل ةلواحم يف  .ةلغتسم ریغلاو ضارقنلإاب ةددھملا ةیتابنلا عاونلأا نمض ةجردملا
 ببسب تابنلا اذھل عساو قاطن ىلع يلمعملا راثكلإل ةلاعف ةلیسوك قیقدلا راثكلإا مادختسإ مت روھدتلا
 يئیزجلا مییقتلا ءارجإ مت كلذ ىلع ةولاع  .ةیدیلقتلا قرطلاب راثكلإا لكاشمو ،ریبكلا يرئاشعلا عونتلا
 طسوك تائیبلا لضفأ ناكو  .رابكلا تابن سولاك يف ةفلتخملا تلاماعملا ریثأت تحت يویحلا يئایمیكلاو
 .2iP نم رتل/مجم ٢ اھیلإ افًاضم جوكسو يجیشاروم ةئیب وھ ةیمانلا ممقلا نم يلمعملا راثكلإل بسانم
 ةیوتحملاو يلمعملا راثكلإل بسانم طسوك جوكسو يجیشاروم ةئیب مادختسإ دنع ھنأ جئاتنلا تحضوأ امك
 ةقرولا مادختسإ دنع ةرشابم ةیرضخلا تاومنلا جاتنلإ ةءافك ىلعأ تطعأ TDZ  رتل/مجم ٠.٧٥ يلع
 ةلماعملا ریثأت رابتخا مت امك  .ةیتابنلا ءاضعلأل رشابملا فشكتلا راسم للاخ نم كلذو يتابن لصفنمك
 ىلع )نینلاأ لینیفلا( ئدابو )تینومساج لیثیم ،كلیسلاسلا ضمح( ةیئایمیكلا تازفحملاب نم نیعونب
 ىف ایًلمعم جتانلا رابكلا تابن ظفح مت كلذك  .نیترلاو نیتیسریكلا دیونوفلافلا عاونلأ يویحلا قیلختلا
 تانیجلل خسنلا تلادعم میق ةدایز للاخ نم يضیلأا لیثمتلا جئاتن دیكأت مت  .ةیثارولا لوصلأا عمجم
 (4-coumaroyl CoA ligase and flavonol-3-O-glucoside L-

rhamnosyltransferase( تابن سولاك يف نیترلاو نیتیسریكلا تابكرمل يویحلا قیلختلاب ةصاخلا 
 ظفحلا يف ةیتابنلا ومنلا تامظنمل يویحلا رودلاب قلعتی امیف ةدیفم تانایب ةساردلا هذھ رفوت  .رابكلا
 دیونوفلافلا تابكرم ىوتحم نأ ىلإ جئاتنلا هذھ ریشت ،كلذ ىلع ةولاع  .رابكلا تابنل قیقدلا راثكلإاو
 ضمحب ةیئایمیكلا ةلماعملا قیرط نع ریبك دح ىلإ رابكلا تابن يف اھئارثإ نكمی )نیترلاو نیتیسریكلا(
 ينیجلا ریبعتلا طامنأ نأ ةیلاحلا ةساردلا تنیب امك نینلاأ لینیفلاو ،تینومساج لیثیملاو ،كلیسلاسلا
 .تازفحملا هذھ ةطساوب اھمیظنت متی نیترلاو نیتسریكلل يویحلا قیلختلاب ةصاخلا تانیجلل

 
  


