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column format. Bold face, italics, subscripts, superscripts etc. can be used. Pages should be numbered
consecutively, beginning with the title page and continuing through the last page of typewritten
material.

The text can be divided into numbered sections with brief headings. Starting from introduction with
section 1. Subsections should be numbered (for example 2.1 (then 2.1.1, 2.1.2, 2.2, etc.), up to three
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Title Page

The title page should contain a brief title, correct first name, middle initial and family name of each
author and name and address of the department(s) and institution(s) from where the research was
carried out for each author. The title should be without any abbreviations and it should enlighten the
contents of the paper. All affiliations should be provided with a lower-case superscript number just
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Abstract

The abstract should be concise and informative. It should not exceed 350 words in length for full
manuscript and Review article and 150 words in case of Case Report and/ or Short Communication. It
should briefly describe the purpose of the work, techniques and methods used, major findings with
important data and conclusions. No references should be cited in this part. Generally non-standard
abbreviations should not be used, if necessary they should be clearly defined in the abstract, at first use.

Keywords

Immediately after the abstract, about 4-8 keywords should be given. Use of abbreviations should be
avoided, only standard abbreviations, well known in the established area may be used, if appropriate.
These keywords will be used for indexing.

Abbreviations

Non-standard abbreviations should be listed and full form of each abbreviation should be given in
parentheses at first use in the text.

Introduction

Provide a factual background, clearly defined problem, proposed solution, a brief literature survey and
the scope and justification of the work done.

Materials and Methods

Give adequate information to allow the experiment to be reproduced. Already published methods
should be mentioned with references. Significant modifications of published methods and new methods
should be described in detail. Capitalize trade names and include the manufacturer’s name and address.
Subheading should be used.

Results

Results should be clearly described in a concise manner. Results for different parameters should be
described under subheadings or in separate paragraph. Results should be explained, but largely without
referring to the literature. Table or figure numbers should be mentioned in parentheses for better
understanding.

Discussion

The discussion should not repeat the results, but provide detailed interpretation of data. This should
interpret the significance of the findings of the work. Citations should be given in support of the
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Conclusions
This should briefly state the major findings of the study.
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Tables and Figures

Tables and figures should be presented as per their appearance in the text. It is suggested that the
discussion about the tables and figures should appear in the text before the appearance of the respective
tables and figures. No tables or figures should be given without discussion or reference inside the text.
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figure area. Figures should be self-explanatory. Information presented in the figure should not be
repeated in the table. All symbols and abbreviations used in the illustrations should be defined clearly.
Figure legends should be given below the figures.
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EDITORIAL PREFACE

Jordan Journal of Biological Sciences (JJBS) is a refereed, quarterly international
journal financed by the Scientific Research and Innovation Support Fund, Ministry of
Higher Education and Scientific Research in cooperation with the Hashemite
University, Jordan. JIBS celebrated its 12" commencement this past January, 2020.
JJBS was founded in 2008 to create a peer-reviewed journal that publishes high-
quality research articles, reviews and short communications on novel and innovative
aspects of a wide variety of biological sciences such as cell biology, developmental
biology, structural biology, microbiology, entomology, molecular biology,
biochemistry, medical biotechnology, biodiversity, ecology, marine biology, plant and
animal biology, plant and animal physiology, genomics and bioinformatics.

We have watched the growth and success of JIBS over the years. JJBS has published
11 volumes, 45 issues and 479 articles. JJBS has been indexed by SCOPUS, CABI’s
Full-Text Repository, EBSCO, Clarivate Analytics- Zoological Record and recently
has been included in the UGC India approved journals. JJBS Cite Score has improved
from 0.18 in 2015 to 0.58 in 2019 (Last updated on 16 March, 2020) and with
Scimago Institution Ranking ( SJR) 0.21 (Q3) in 2018.

A group of highly valuable scholars have agreed to serve on the editorial board and
this places JIBS in a position of most authoritative on biological sciences. I am
honored to have six eminent associate editors from various countries. | am also
delighted with our group of international advisory board members coming from 15
countries worldwide for their continuous support of JJBS. With our editorial board's
cumulative experience in various fields of biological sciences, this journal brings a
substantial representation of biological sciences in different disciplines. Without the
service and dedication of our editorial; associate editorial and international advisory
board members, JJBS would have never existed.

In the coming year, we hope that JJBS will be indexed in Clarivate Analytics and
MEDLINE (the U.S. National Library of Medicine database) and others. As you read
throughout this volume of JIBS, | would like to remind you that the success of our
journal depends on the number of quality articles submitted for review. Accordingly, I
would like to request your participation and colleagues by submitting quality
manuscripts for review. One of the great benefits we can provide to our prospective
authors, regardless of acceptance of their manuscripts or not, is the feedback of our
review process. JJBS provides authors with high quality, helpful reviews to improve
their manuscripts.

Finally, JJBS would not have succeeded without the collaboration of authors and
referees. Their work is greatly appreciated. Furthermore, my thanks are also extended
to The Hashemite University and the Scientific Research and Innovation Support
Fund, Ministry of Higher Education and Scientific Research for their continuous
financial and administrative support to JJBS.

March, 2020
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Abstract

Poor utilisation of abundant and highly recalcitrant melanised chicken feather (MCF) as a substrate for biological process
has led to its accumulation in the environment. This study investigated the possibility of using MCF and its hydrolysates as a
substrate for methane and electrical energy (EE) generation. A two-phase system which involves pre-treating MCF and
subsequent co-digesting of the pre-treated MCF or its hydrolysates with other wastes was employed for each process. For
methane production, MCF hydrolysates obtained from biodegradation of untreated or pre-treated MCF and inocula of cow
dung, poultry slaughterhouse and abattoir wastes were used in anaerobic digester (AD). EE was generated through
degradation of MCF with and without rice waste water by Pseudochrobactrum sp. 1'Y-BUKL in a microbial fuel cell (MCF).
Results showed that pre-treated MCF were degraded about 3 fold faster than untreated, and produced 4 times the amount of
keratinase and soluble proteins. MCF pre-treated with Ca(OH), and co-digested with cow dung resulted in significant
improvement in biogas production over those pre-treated with NaOH, steam and bacteria and co-digested with poultry
slaughterhouse and abattoir wastes. Pseudochrobactrum sp. strain 1'Y-BUK1 degraded about 70% of 5% (wi/v) pre-treated
MCF in MFC with resultant 67.3 U/ml keratinase. Similar to methane yield, Ca(OH), pre-treated MCF were degraded faster
in MFC inoculated with 1'Y-BUK1 and produced a maximum voltage, power, and current density corresponding to 350.6mV,
37.77x10°mW/m2 and 0.112mA/m? respectively in 8 days when compared with un-treated feathers, that produced maximum
of 174mV after 13 days. The use of rice water waste in the MFC as supplement produced 167mV more voltage than when
only 1'Y-BUK1 was used. The study revealed that recalcitrant MCF pre-treated with Ca(OH), and co digested with cow dung
and rice water waste can be successfully employed as a cheap substrate for biogas and electricity production.

Keywords: melanised, feathers, pre-treatment, methane, microbial fuel cells, keratinase, Pseudochrobactrum sp. Y-BUK1

needed to reach the objectives of alternative poultry
feather utilization.

Furthermore, the persistent release of pollutants to
environment by fossil fuels and the frightening rate at
which it is getting exhausted has been scientists’ great

1. Introduction

As meat consumption increases globally, generation of
wastes from slaughterhouses and abattoirs continues to

grow and millions of tons are generated yearly (Peng et al.,
2019). In third world countries, especially in Africa, the
feather wastes are poorly managed and underutilized and,
therefore, serve as source of nuisance to humans, animals,
and the environment. They are often burned or deposed to
landfill, which are non-ecofriendly means of management
(Pandian et al., 2012; Yusuf et al., 2016). The recalcitrant
nature of melanised feathers over non-melanised has been
the reason for their degradation by soil microbes that
utilize feather as substrates to produce enzymes and
protein rich hydrolysates (Grande et al., 2004; Gunderson
and Frame, 2008; Gurav et al., 2016). Meanwhile,
recycling of feather can provide a cheap and alternative
source of protein feed stuff, energy, fertilizers, low cost
substrates for production of other value added microbial
products and can function as a means of clearing the
environment of unwanted wastes (Khardenavis et al.,
2009; Lasekan et al., 2013; Paul et al., 2013; Yusuf et al.,
2015). Cheap and innovative methods within the capacity
of our under-equipped research facilities are therefore

“ Corresponding author e-mail: iyusuf.bio@buk.edu.ng.

concern over years (Rahimnejad et al., 2012; Parkash,
2016). Searching for cheap and clean alternative sources of
energy is currently the biggest challenge for governments
and scientists wanting to meet up with the ever increasing
demand for cleaner energy (Nair et al., 2013). The use of
chicken feather waste (especially the white feather) to
produce methane gas has been widely studied by many
scientists through anaerobic digestion (AD) (Forgacs et al.,
2011; Forgacs et al., 2014; Mézes and Tamas, 2015). In
order to improve methane yield from feather protein close
to the theoretical methane yield of 0.496 Nm3/kg VS
(volatile solids) (Davidsson, 2007), scientists have adopted
different pre-treatment methods such as chemical,
enzymatic, physical and biological ones to improve feather
digestibility and biogas yield. Forgacs et al. for instance,
reported improved methane yield from 0.18 Nm3/kg VS to
0.40 Nm3/kg VS) from feather pre-treated with
recombinant Bacillus megaterium strain.  Similarly,
enzymatic and alkaline pre-treatments of feathers
increased the methane by 21% and 32% according to
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Salminen et al. (Salminen et al., 2003) through anaerobic
digestion. However, pre-treatment of melanised chicken
feathers (MCF), which is believed to be more recalcitrant
to microbial or enzymatic degradation, as well as co-
digesting it with other wastes for improved biogas
production has not been documented yet.

Microbial fuel cell (MFC) approaches employ use of
microorganisms, specific substrates and conditions for
electricity generation (Zhou et al., 2013; Parkash, 2016).
In each waste, the organic compound is harnessed and
utilised by single or groups of microorganism to produce
useful products (Reiche and Kirkwood, 2012; Chaturvedi
and Verma, 2014). The high content of different organic
compounds including varying amount of carbon and
nitrogen compounds in chicken feathers has made them a
suitable substrate for electricity generation. Studies have
attempted various types of organic compounds and wastes
(both industrial and agricultural) as substrate in MFC
(Zhou et al., 2013; Parkash, 2016), but only few have
reported the use of feathers to produce electrical energy
through MFCs (Chaturvedi and Verma, 2014). A study by
Chatuverdi and Verma (2014) employed the use of P.
aeruginosa strain SDS3 in MFC to degrade white feather
to generate maximum voltage of 141 mV in 14 days.
However, no study has attempted to use MCF to generate
electricity. Due to their melanin pigment content and
fibrous and insoluble structural proteins joint by disulphide
bond linkage, hydrogen bond and hydrophobic interaction,
direct usage in MFC and AD may take longer period.
Since feather hydrolysates is the efficient substrate to use
for biogas production in AD, pre-treating the MCF with
either heat, chemical and/or biological agents may improve
feather hydrolysate productions by suitable feather
degrading bacteria. Similarly, pre-treating MCFs may also
improve the potentiality of the feathers of being an easy-
to-use substrate for microbes involved in electrical energy
production. Pseudochrobactrum sp. 1Y-BUK1 is a novel
keratinolytic bacteria that shows profound proteolytic
activity against both melanised and non-melanised feathers
(Yusuf et al., 2019b).

The aim of this study was, therefore, to evaluate the
possibility of using raw MCFs and hydrolysates produced
from its biodegradation as a substrate for electrical energy
and biogas generation. Furthermore, the study aimed to
assess the effectiveness of different pre-treatment methods
on MCFs for suitable utilisation by single
(Pseudochrobactrum sp. 1'Y-BUKZ1) or groups of bacteria
as substrate for improved production of biogas and
electrical energy.

2. Materials and Method

2.1. Sample Collection and Processing

Black (melanised) chicken feather (MCF) wastes were
procured from chicken abattoir in Kano, Nigeria. The
collected feathers were spread on clean surface and other
non-feather parts were handpicked. The feathers were then
washed with water and detergent extensively, followed by
defatting in solution containing 200ml of deionizer water,
methanol and chloroform in ratio 1:1:10 and finally rinsed
in distilled water. The washed feathers were oven dried at
80°C for 6 h until constant weight was obtained (Yusuf et
al., 2016; Yusuf et al., 2019a).

2.2. Isolation of feather degrading bacterium and
preparation of culture media

The melanised feather degrading bacterium (MFDB)
used in this study was isolated from chicken manure of
local chickens reared in a wooden cage. Isolation was
carried out in feather meal agar and broth as previously
described by (Yusuf et al., 2016, 2019b). The identity of
the bacterium was identified as Pseudochrobactrum sp.
1Y-BUK1 (Genbank accession number: MK024282) using
morphological, biochemical and molecular characteristics
(Yusuf et al., 2019b). The strain showed an enhanced
preference for biodegradation of black feathers than white
feathers with enhanced production of keratinase and
protein hydrolysates.

Feather meal broth (FMB) which contained 10.0 g/L of
feather, 0.5 g/L of NaCl, 0.7 g/L of K,HPO,, 1.4 g/L of
KH,PO,, and 0.001 g/L of MgSO,-6H,0O pH 7.5 was
prepared as described by Yusuf et al. (2016, 2019a,b) and
was used for propagation of the bacterium in an orbital
shaker operated at 150 rpm at 30 °C.

2.3. Pre-treatment of melanised chicken feathers using
physical, chemical and biological methods

MCFs were pre-treated using physical (steam and
boiling), biological (bacteria) and chemical methods.
Steam (thermal) pre-treatment was performed by
autoclaving 5 g of whole MCFs suspended in 100 ml of
distilled water at 121°C, 21psi for 30 min. MCF preheated
with boiled water for 30 min was also used. Chemical pre-
treatments were carried out using three chemicals, NaOH,
Na,SO3, and Ca(OH),. Pre-treatment of MCFs with
NaOH and Na,SO; was carried out according to method
of Laba and Szczekala, (2013) using 100mM
concentrations. In brief, MCFs were suspended in
solutions of 100mM (1 g feathers per 100ml) Na,SO3 and
NaOH. Pre-treatment with Ca(OH), employed the method
of Fargacs et al., 2013, where 1.0 g of MCF (TS) was
suspended in 2 % Ca(OH), solution for 1 hour to give a
final concentration of 100 g TS feqther/L. The MCFs in both
cases were then separated, precipitated (in case of
Ca(OH),), and washed several times with distilled water.
Biological pre-treatment was carried out according to the
method of Laba and Szczekala, (2013) by exposing 5 g of
MCEFs to short-term culture of Pseudochrobactrum sp. 1Y-
BUK1 in 250ml flask containing 100 ml FMB. After 5
days of continual shaking at 150 rpm at 30 °C, the partially
digested raw MCFs were filtered using Whatman no.1
filter paper. The partially digested MCFs were then
washed with distilled water and allowed to dry.

Five grams of different pre-treated MCFs were then
placed in 100mL of FMB and autoclaved at 121°C, 21psi
for 15 min. Untreated raw MCFs were used as control.
Inoculation of the FMB containing appropriate MCFs was
done with 5 ml (315 x 10° cell/mL) of
Pseudochrobactrum sp. 1Y-BUK1 except for the control
experiments. Volatile solid (VS), and Total solid (TS) of
the feathers were determined according to APHA standard
methods (APHA, 2005).

2.4. Determination of the Protein Concentration,
keratinase activity and feather degradation

An aliquot of 10ml of culture was collected from FMB
every 24 h and centrifuged at 10,000 rev/min for 15 min.
The cell-free supernatant fluid was used for the
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measurement of soluble protein by spectrophotometer
(Schimazhu, Japan) with Lowry method (Lowry and
Rosebrough, 1951). 1 absorbance was considered as 1
mg/mL protein using bovine serum albumin as standard.
Similarly, an aliquot of the cell-free supernatant was used
to determine the level of keratinase produced using
azokeratin as a substrate as described by Joshi et al. (Joshi
et al., 2007). Feather degradation (%) was estimated by
subtracting the final weight of MCFs in the flask from the
final weight of the MCFs from the control. Degradation
degree (%) calculation was based on method described by
Yusuf et al. (2016).

2.5. Methane digester design and batch anaerobic
digestion assay

Methane production using pre-treated and untreated
MCFs were carried out in batch digestion experiments in
duplicates using feather hydrolysates. The AD was
constructed similar to the type employed by Forgacs et al.
(2014) but with some modifications. ADs were constructed
using 150 ml plastic containers. Each of the containers was
channeled tightly to a gas collection unit (reservoir) (Fig.
1).

Mix ture of 30m1 of MFC
hydrolysate + 20 ml of inocula

Gascollection unit

Figuer 1. Anaerobic digester setup for methane production by the
various pre-treatment melanised feathers

For each AD, 50 mL of hydrolysates obtained from
either untreated or pre-treated MCFs were placed as a
substrate. The inocula used were cow dung, poultry
slaughterhouse waste, and abattoir wastes. Twenty
millilitre (20 ml) of the inocula was placed in each AD.
Each reactor was then capped and sealed with butyl rubber
props, and anaerobic condition was ensured by flushing
with a gas mixture and incubated at 50 °C for 30 days. The
plastic bottles were shaken in the incubator every day. Gas
samples of 0.25 ml were regularly taken from the
headspace using a pressure-tight syringe. Geo tech 5000
Biogas analyser was used for the analysis of the biogas
harvested. The analyser computes the percentage
composition of methane (CH,).

2.6. MFC construction and its operation

The MFC was constructed as described by Chaturvedi
and co-worker (Chaturvedi and Verma, 2014) with slight
modifications. A dual chambered H-type locally made
MFC was designed consisting of two identical plastic
containers (700ml each with an operating volume of 500ml
and a head space of 200ml). The cathode and anode were
connected by a salt bridge. The salt bridge was prepared
by adding 3% NaCl (w/v) into 100ml of dH,0O and mixed
properly. Then, 1.6% Agar (w/v) was added to the salt
solution and was boiled for 3 min. It was then filled into a
half inch PVC pipe sealed with an aluminium foil paper
from one side. Two identical carbon rod electrodes and
copper wires, with an apparent surface area of 49.2cm?,
were used as anode and cathode, to which a copper wire
was connected and fixed with PVC gum, and the copper
wires were passed through a thin hole on the plastic
container cover, respectively (Fig. 2). An external circuit

of 66Q was used in the experiment. The anolyte solution
was FMB which contains 0.5% (w/v) of appropriate pre-
treated MCF at pH 8.0. Additional sources of carbon
(sucrose, glucose, rice wastewater) were added at 1%
concentration in another MFC setup. The catholyte
solution is 200mM phosphate buffer (pH 7.0).

o
o ire —
— Carbon__‘__ ~
Head space i " Flectrods i .
200mL~ Anode ‘/ Cabode Air space
| Chanbe Chamber

T

Operating _

e FMB contaizng 0. 53% 100mM phosphate baffer
Vol-500ml | chicken feathers, pH 8.0 10

Salt bridge
Figure 2. Schematic design of MFC connected with salt bridge

The experiment was carried out in batch mode. During
the start up the anolyte was inoculated with 25ml of 18 h
old culture of Pseudochrobactrum sp. IY-BUK1. The
voltage reading was taken after 24 h time interval with
digital multi meter (DT-830 model).

2.7. Statistical analysis

Results were presented in Tables and Figures.
Statistical analysis was performed using SPSS statistical
package (SPSS Inc., Chicago, IL, USA). Chi-square test
was used to compare differences between different pre-
treatment methods. Statistical significance was set at p <
0.05.

3. Results

3.1. Effect of pre-treatment methods of MCF on Protein
Concentration, keratinase activity and feather
degradation

Different pre-treatments were applied to the MCFs to
enhance their digestibility prior to methane and bio-energy
production by strain I'Y-BUK1.

The results of effect of each pre-treatment method on
the overall rate of degradation, keratinase production and
soluble protein yield are summarized in Table 1. It was
found that MCF pre-treated with Ca(OH), resulted in
faster feather degradation and highest keratinase yield,
followed by NaOH, then bio-thermal method (p<0.05). In
line with this, MCFs pre-treated with Ca(OH), resulted in
about 4 fold increase in soluble protein concentration when
compared with untreated MCF in 5 days. Pre-treating
MCFs with strain 1Y-BUK1 for 5 days was less effective
in increasing MCF digestibility by the strain after final
incubation, as only 64% of MCF was degraded and only
98.2 U/ml keratinase was released. While degradation of
Ca(OH), treated MCF started after 2 days of incubation,
that of boiled MFC was be observed only after 4 days
(data not shown). As degradation progressed from day 2,
MCEF residues decreased considerably, resulting in a colour
change in the FMB from colourless medium to completely
black fermentation broth at the end of 5 days of incubation
in flask containing Ca(OH),, NaOH and bio-thermal
treated MCFs. Bacterial hydrolysis of Na,SO; treated
MCF generated a lower amount of keratinase and soluble
proteins when compared with other chemicals [NaOH and
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Ca(OH),]. Feather hydrolysates obtained by centrifuging
the FMB at 4°C and 15,000 xg for 15 min was stored at -
20 °C and used for biogas production.

Table 1. Comparing effects of different pre-treatment methods on
feather degradation, keratinase production and soluble protein
released by Pseudochrobactrum sp. 1Y-BUK1 after 5 days of
incubation

Type of pre-treated Degradation ~ Keratinase Concentration of
MCF (N=5g/L) (%) activity soluble protein
(U/ml) (mg/ml)

Values in parenthesis are % difference from
untreated MCF

Untreated MCF 26 32.6£1.0 86.2+14.6
Bio-thermal 100 (74) 122.3+0.3 321.0+11.2
Boiled 64 (38) 98.2+1.8 195.4+2.3
Steam 96 (70) 114.4+1.4 295.3+9.8
Chemical (Na,SO3) 89 (63) 84.3+1.2 245.8+10.1
Chemical (NaOH) 100 (74) 133+0.1 302.4+12.1
Chemical Ca(OH,) 100 (74) 148.2+2.2 333.5¢7.5

3.2. Batch anaerobic digestion assays

In the batch anaerobic digestion experiment, biogas
production from protein rich hydrolysates obtained from
the selected pre-treated MCFs and that of untreated MCFs
were compared, and the result was shown in Fig. 3. After
30-days incubation, CaOH, treated MCF produced 0.26
Nm®kg VS methane which is slightly higher when
compared with other treated MCFs and untreated samples
(0.125 Nm¥/kg VS).

03

0.25
0.2
0.15
0.1
0.05

Amount of methane (Nm3¥/KgVs)

Chemical Chemical Bio-thermal ~ Untreated feather
(NaOH) Ca(OH)2

Type of pre-treatment

Figure 3. Methane production using untreated and pre-treated
melanised feathers after 30 days of incubation

The methane produced in untreated MCF co-digested
with cow dung, poultry manure and abattoir waste was
0.195 + 0.021, 0.105+ 0.021, and 0.121+ 0.021 Nm3/ kg
VS respectively, while that pre-treated chemically with
Ca(OH),and as well co-digested with cow dung produced
the highest methane of 0.396 Nm3/kg VS which is
equivalent to 79.8% of the theoretical value from feather
proteins (Davidsson, 2007) (Fig. 4).

W NaUH treated MCF
® Ca{OH)2 treated MCF

m Bio-thermaly treated MCF

| Untreated MCF
|
I ‘ I

Types of treatment

cHa [Nm3/ kg V)

Figure 4. Methane production using hydrolysates co-digested
with cow dung, poultry slaughterhouse and abattoir wastes after
12 days of incubation.

In  contrast, pre-hydrolysed MCF by poultry
slaughterhouse waste showed the least methane yield after

12 days of incubation. Bio-thermally treated MCF yielded
0.195 Nm3/kg VS methane when it was co-digested with
cow dung, the amount that is significantly higher than the
methane yield from hydrolysates collected in the same
MCFs but co-digested with poultry and abattoir wastes.

3.3. Electrical energy generation in MFC fed with pre-
treated MCF

Voltage generation in MFC fed with three types of pre-
treated MCF showed no significant difference but showed
marked difference with untreated MCF. However,
Ca(OH), treated MCF yielded maximum voltage of
355mV in 8 days and was relatively stable up to 14™ day.
The MCF pre-hydrolysed with 1Y-BUK1 fed into MFC
recorded an initial potential of 38mV within 24 h, and after
8 days of incubation, a voltage of 315mV was achieved;
the voltage reached its peak (347mV) at 11" days of
incubation, and it was stable up to 15" day and thereafter

showed gradual decrease (Fig. 5).
\rmou

- Biu-‘he-rmn

e | nitreated MCF

Voltage {mV)

Time (days)

Figure 5. Voltage/day generation in MFC using pre-treated and
untreated MCFs in 19 consecutive days

Only approximately 100mV of voltage was produced
when hydrolysates obtained from the MCFs after 30 days
was used (data not shown). The current and power
densities recorded in MCF treated with Ca(OH), followed
same pattern with voltage, and reached maximum of
0.112mA/m? and 37.77x10*mW/m? respectively after 9
days of incubation (Fig. 6).

Addition of rice water waste to the FMB as extra
source of carbon significantly improve the voltage to
467mV in 7 days (Fig. 7)

= Power density (mw/im2) == Current density (mafm?)

Current Density [majm?)

+ ime [day:

Figure 6. Power and current densities per day in MFC using MCF
pre-treated with Ca(OH),

+

=—4—MFC-rice waste water
—8—MFC+rice waste water

Voltage (mV)

time (days)
Figure 7. Effect of rice waste water on voltage generation in MFC
containing Ca(OH), treated MCF.
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4. Discussion

This study has dealt with evaluating the effectiveness
of different pre-treatment and co-digestion methods in
improving degradability and subsequent utilization of
melanised chicken feather waste by microbes for methane
and electrical energy production. Prior studies have
confirmed that presence of melanin together with compact
and resistible structure of melanised feathers are
responsible for its low degradability by microbes or their
proteases (Gunderson and Frame, 2008; Okoroma et al.,
2012) as well as low methane production (Salminen et al.,
2003; Forgacs et al., 2014). However, degradability of
white (non-melanised) feathers has been reported to have
improved when pre-treated with either chemical, heat or
microbes (Salminen et al., 2003; Laba et al.,, 2013;
Forgacs et al., 2014; Sinkiewicz et al., 2017) prior to
anaerobic digestion and has also been proved to improve
methane yield (Forgacs et al., 2011; Forgacs et al., 2014).
Reports of pre-treatment of melanised feathers for any
purpose is scarce. In this study, biodegradation of pre-
treated MCFs by Pseudochrobactrum sp. 1Y-BUK1 was
approximately 75% higher than untreated feathers and
feathers pre-treated with microwave-alkali (Lee et al.,
2016). In addition to weakening keratin bonds in feather,
involvement of heat in all the pre-treatments is done in
order to eliminate any pathogenic microbe that might be
present in the feathers, in fulfilment of EU legislation of
handling of slaughterhouse waste prior to use in anaerobic
digestion (EC by-product regulation, 2002). The pre-
treatments resulted in cracking the stabilizing disulfide
bonds in MCFs in similar way to non- MCFs, which
resulted in faster degradation and earlier and higher
production of keratinase and hydrolysates rich in soluble
proteins. Complete degradation of 5 g/L (w/v) MCF pre-
treated with Ca(OH), was completed in 8 days and
333.5£7.5 mg/mL soluble proteins was obtained, which is
one and half times higher than that obtained using MCF
pre-treated with boiling. This agrees with the findings of
Junoh et al. (2016) who reported efficiency of Ca(OH),
pre-treatment of biological waste. The higher soluble
protein in hydrolysates that resulted from MCFs pre-
treated with Ca(OH),, NaOH over or compared with white
feathers indicated its suitability as substrate for biogas
production.

Higher concentration of soluble proteins in FMB
containing MCFs in comparison with FMB containing
equal amount of non-MCF may be partly due to melanin
residue, and may indicate its suitability as substrate for
biogas production. Use of feather hydrolysates resulting
from microbial degradation of non-MCFs in biogas
production has been reported (Forgacs et al., 2011). In
addition, several studies have reported that co-digesting
the substrate with other organic wastes (mostly animal
waste) has successfully improved gas yield. In this study,
there is no significant difference (p>0.05) in amount of
methane produced in ADs containing hydrolysates from
Ca(OH),, NaOH and bio-thermal treated MCFs which
have close concentration of soluble proteins. However, the
pre-treatments resulted in improved biogas production to
43% over the theoretical methane yield from proteins. This
is comparable to results reported by Forgacs et al. who
reported rapid increase in rate of degradation and

subsequent biogas production when non-melanised
feathers were pre-treated biologically with a recombinant
Bacillus megaterium strain prior to biogas production.
Biogas produced in ADs supplemented by cow dungs
improved methane production by 52.7% over non-
supplemented ADs and about 40% and 30% over
hydrolysates supplemented with poultry manure and
abattoir wastes respectively.

Higher and faster yield of soluble protein and
keratinase from chicken feather biodegradation has been
reported in the presence of additional sources of carbon
and nitrogen (Thangam and Rajkumar, 2000; Bernal et al.,
2003; Lo et al., 2012; Yusuf et al., 2016). Complete
degradation of 5¢g/L of treated and untreated MCFs by
strain 1'Y-BUK1 in FMB supplemented by 1g/L of sucrose
and rice waste water was achieved in significantly lesser
time than non-supplemented FMBs (data not shown) in
similar way with feather degrading bacterium Alcaligenes
sp AQO05-001 (Yusuf et al., 2016). This was applied in
MFC by feeding the anodic chamber with FMB containing
0.5% of MCF and 1% of additional carbon source (rice
water waste). The overall effect of MCF pre-treatment was
also remarkable in MFC, where untreated MCF produced
highest voltage of 174mV much later (13" day), compared
with pre-treated MCF which produced an average of
175mV in day 3. The slight efficiency of Ca(OH), pre-
treatment over NaOH and bio-thermal treatment was also
expressed in MFC, where the highest voltage of
approximately 355mV was achieved in 8" days but
achieved in the 11" day with MCF fed with NaOH treated
MCF.

The highest amount of voltage generated in this study
was higher than 141mV reported by Chaturvedi and
Verma, 2014 when white feathers were degraded by
feather degrading bacterium-P. aeruginosa strain SDS3
(Chaturvedi and Verma, 2014). The early rise of voltage,
current and power densities and subsequent stability of
voltage prior to decline indicated the feasibility of
electricity generation using MCF, as success of MFC
depended partly on rapid onset and duration of stationary
phase (Chaturvedi and Verma, 2014). While stationary
phase was more prolonged in MFC fed with untreated
MCF than pre-treated, supplementation with rice waste
water further reduced the ascending and stationery phases,
which resulted in higher power generation that lasted for
short time. The slow rate of degradation of untreated MCF
in MFC as compared to rapid degradation of pre-treated
MCFs may then have some advantage, since slow rate of
feather degradation will prolong stationary phase of MFC,
but with lower voltage.

In summary, biogas and electric energy production
from MCF was possible in amount comparable with non-
MCF and other wastes especially when pre-treated with
Ca(OH),. The use of MCFs in biogas and MFC will help
in fulfilling the need for achieving hygiene conditions in
environment and also offering an environmental, friendly,
and economically feasible method for the utilization of
MCF waste to produce renewable energy.
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Abstract

Landraces are considered an important sources of genetic variations. These variations are extremely important in the
programs of plant breeding. Five, eight and twelve oligonucleotide primers of Random amplified polymorphic DNA
(RAPD), Simple Sequence Repats (SSRs), and Inter-Simple Sequence Repeats (ISSRs), respectively and protein marker
(SDS-PAGE) were used in durum wheat samples analysis (eight cultivars and four landraces). Compared to molecular
markers used, proteins fingerprint gave the highest polymorphism (81.8%) with two specific bands, while RAPD analyses
revealed the lowest percentage of polymorphism 50% with no specific bands, the numbers of alleles ranged from 3 to 5 per
primer, with an average of 4 per primer. On the other hand, ISSRs markers gave the highest number of unique bands (7
bands), 40 of 68 bands were polymorphic with 58.8%polymorphism. The numbers of alleles ranged from 3 to 9 per primer,
with average of 5.6 per primer. However, SSRs displayed two specific bands and the highest polymorphism, 31 out of 50
bands were polymorphic with 62% polymorphism and the numbers of alleles ranged from 1 to 10 per primer, with average
of 6.2 per primer.Among the different types of molecular markers, SSRs is a more accurate and informative marker. The
similarity matrix of collective data differs from the similarity matrix of each studied markers (protein, RAPD, ISSRs and
SSRs); and the similarity of each studied marker differs from each other. This indicates that each studied marker has a
specific characterization in discrimination of studied genotypes depending on the site of genomic DNA amplified. Finally, it
can also be said that biochemical and molecular markers could be used either separately or together for genetic diversity
studies in wheat. This study could also be helpful in the future for genomic mapping and breeding programs of wheat

genotypes.

Keywords:TriticumDurum, Landraces, Protein Marker, SSRs, ISSRs, RAPD.

1. Introduction

Durum wheat is one of the leading cereals in the world
and the most important human food crop. Two-thirds of
the world populations live on wheat grain, and production
has to be increased significantly in the next decades. Data
from FAOSTAT indicates that the need is still growing, as
indicated by the steadily increasing yield since 1961.
Therefore, introducing modern cultivars is necessary for
the food production of world populations. The logical
treatment of this problem is the conservation of cultivars
and landraces of these native resources.

The genetic variation of wheat cultivars and landraces
has been affected by various factors throughout their
evolutionary history. The need for improved wheat
production coupled with stagnation in the cultivated area
leads to a more efficient and more productive demand for
wheat production. Traditional breeding depends on the
genetic selection of genotypes obtained from crosses.
Genotype x environment interaction is a common problem
including time-consumption and costly procedures of
phenotyping.

Molecular markers are unaffected by environmental
conditions and are detectable in all stages of the plant
growth (Dubcovsky, 2004). Genetic markers are important
developments in the field of plant breeding (Kebriyaee et

al., 2012). Molecular genetic markers are widely used
tools in genotyping and species identification. These
molecular markers had been used in wheat for detecting
genetic diversity, genotype identification, and genetic
mapping (Tanyolac, 2003; Malik et al. 2010). Genetic
diversity of wheat genotypes is very critical in reducing
genetic vulnerability during plant breeding efforts. So,
molecular markers provided excellent tools to evaluate the
genetic variability (Sofalianet al.,, 2008). Molecular
markers are classified into various groups on the basis of
mode of gene action: co-dominant markers as SSRs or
dominant markers RAPD and ISSRs. RAPD analysis has
been effieient and extensively used to document genetic
variation in Triticum (Cao et al., 1998; Czaplicki et al.,
2000; Tahir, 2008), suggesting a narrow genetic base.
ISSRs marker have been used in studies of genetic kinship,
for resolving intra- and intergenomic relationships, genetic
diversity of plant populations, and cultivars (Khurana-Kaul
et al., 2012; Verma et al., 2013; Velasco-Ramirez et al.,
2014). ISSRs markers are highly polymorphic and
repeatable even for intra-specific purposes in durum wheat
genotypes and could be used for genotypes identification.
SSRs provide highly informative markers because they are
co-dominant (Gupta et al., 1996; Agrama and Tuinstra,
2003; Muhammad et al ., 2017). The microsatellite
markers have utility in detecting polymorphism and
estimating genetic diversity of cultivars (Parvin et al.,
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2014; Ayman and Mohamed, 2019). The aim of this
research was to investigate the discrimination capacity
chemical marker and molecular markers (dominant
markers (RAPDs and ISSRs) and co-dominant markers
(SSRs) and their effectiveness in establishing genetic
variation and relationships among Egyptian durum wheat
genotypes (eight Cultivars and four Landraces).

2. Materials and Methods

2.1. PlantMaterials:

Twelve tetraploiddurum wheat genotypes(Triticum
durum) 2n = 4X = 28, eight cultivars and four landraces
were provided by the Wheat Research Section and
Egyptian National Gene Bank, respectively, Agricultural
Research Center, Ministry of Agriculture, Giza, Egypt as
are shown in Table (1).

Table (1). The twelve tetraploid wheat genotypes and their origins
used in this study.

2.2.2. Molecularmarkes

2.2.2.1. DNA extraction

The plant genomic DNA was isolated from 12
genotypeswheatby using Gene Jet Plant Genomic DNA
purification Mini Kits (Thermo scientificK0791).

2.2.2.2. ISSRs analysis

Twelve ISSRs primers were used to characterize the
twelve wheat Genotypes depending upon the literature,
Table (2). PCR technique was performed in 25 pl volume
containing: master mix (Thermo scientific K1081), 10 pl
buffer (10 X), 1pl primer (100 pmol), 1ul DNA template
(50 ng) and 13 plwater (nuclease-free). The amplification
was carried out in a thermocycler programmed as follows:
1 cycle of 94°C/2min, 35 cycles of (94°C/1min, annealing
temperatures as are shown in Tables (2), /2 min and
72°C/2 min),1 cycles 72°C/7 min. The primer annealing
degrees varied according to the melting point of each
primer. Agarose gel was used for separating the PCR
products of amplified DNA fragments by electrophoresis.
The agarosegel was prepared by dissolving 1.2 g agarose
in 100 mlbuffer including 40 mMTris-acetate and 2 mMNa
EDTA. The gel was stained with ethidiumbromide,
photographed under UV light, scanned using Gel-
Documentation system (Bio-Rad).

Table (2) represents twelve ISSRs primers names, sequences and
Melting temperatures to characterize the twelve durum wheat
genotypes:

No. Genotypes Genotype
1 Baniswef 3 Cultivar
2 Baniswef 4 Cultivar
3 Baniswef 5 Cultivar
4 Baniswef 6 Cultivar
5 Sohag 1 Cultivar
6 Sohag 3 Cultivar
7 sohag 4 Cultivar
8 sohag 5 Cultivar
9 Sohagalmansheah 33 Landraces
10 Sohagalmansheah 34 Landraces
11 Sohagalmansheah 35 Landraces
12 Sohagalmansheah 41 Landraces
2.2. Methods

2.2.1. Biochemical markers (Protein electrophoresisusing
SDS-PAGE technique):

Samples of 0.5 g seeds of each genotypewere were
used for protein analyses. Sodium Dodecyl Sulfate
Polyacrylamide Gel Electrophoresis (SDS-PAGE) was
performed for protein analysis according to Laemmli,
1970. Sample preparation and extraction of seed storage
proteins were performed. The marker of the used protein
was BLUItraPrestained Protein Ladder (Gene Direct, Cat
No. PM001-0500). In this method, 15% Protein separating
gel was used. Protein fractionations were performed using
the electrophoresis apparatus manufactured by Cleaver,
UK. The images were captured by a digital camera (Sony,
made in Japan) and transferred directly to the computer
and then the protein bands were analyzed by Total Lab
program to find out the molecular weight of each band
then compare the presence and absence of the band among
studied genotypes, and these data were imported in MVSP
(Multi-Variant Statistical Package) (Kovach, 1998) to find
the similarity matrix and dendrogram (UPGMA, using
Nei&Li’s coefficient) which reflect the relationships
among the studied genotypes.

Primer Sequence (5’-3") (Tm)
ISSR-2 (AG)8C 50°C
ISSR-3 (GA)8T 55°C
ISSR-4 (CT)8G 520C
ISSR-5 (CA)6ACAG 46°C
ISSR-6 BDB(TCC)5 48°C
HB12 (CAC)3GC 520C
844A 5'(CT)8GC 3' 48°C
844B 5 (CT)7A3 48°C
17889A (CA)6 AC 52°C
17889B (CA)6 GT 41°C
17898BS5 (CA)GA 43°C
HBS11 (GT)6 CC 44°C

*Y=G/C; B=T/GI/C; D=A/T/G (Tm): Melting Temperature

2.2.2.3. SSRs analysis

Eight SSRs primers were used to identify the twelve
wheat Genotypes, as shown as in Table (3). PCR technique
was performed in 25 pl volume containing: master mix
(Thermo scientific K1081), 10 pl buffer (10 X), 1ul primer
(100 pmol), 1ul DNA template (50 ng) and 13 pl water
(nuclease-free). The amplification was carried out in a
thermocycler programmed as follows: 1 cycle of
94°C/2min, 35 cycles of (94°C/1min, annealing
temperatures as are shown in Tables (3), /2 min and
72°C/2 min),1 cycles 72°C/7 min. The primer annealing
degrees varied according to the melting point of each
primer. Agarose gel was used for separating the PCR
products of amplified DNA fragments by electrophoresis.
The agarosegel was prepared by dissolving 1.2 g agarose
in 100 ml buffer including 40 mM Tris-acetate and 2 mM
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Na EDTA. The gel was stained with ethidiumbromide,
photographed under UV light, scanned using Gel-
Documentation system (Bio-Rad).

Table 3. Represents eight SSRs primers names, sequences and
Melting temperatures to characterize the twelve durum wheat
genotypes

Melting

Primer Sequence Temperature

Forward 5-AAGGGGAATCAAAATGGGAG-3’
Bmag13 54°C
Reverse 5’-TCGAATAGGTCTCCGAAGAAA-3’

Forward 5’-~AGCTCCTTTCCTCCCTTCC-3’
MGB391 54°C
Reverse 5’-CCAACATCTCCTCCTCCTGA-3’

GMs1 Forward 5’-CTGACCCTTTGCTTAACATGC-3’ S50
Reverse 5’-TCAGCGTGACAAACAATAAAGG-3’

Forward 5°- AAAAGCATTCAACTTCATAAGA-3’
EBmac624 54°C
Reverse 5’- CAACGCCATCACGTAATA-3’

Forward 5’ACCTACAGTTCAATAGCTAGTACC-3’
Bmag210 54°C
Reverse 5-GCACAAAACGATTACATCATA-3’

Forward 5’-CAAGCCAACAGGGTAGTC-3’
Bmag149 55°C
Reverse 5-ATTCGGTTTCTAGAGGAAGAA-3’

Forward 5’-CCACTTGCCAAACACTAGACCC-3’
HVITR1 55°C
Reverse 5°-TTCATGCAGATCGGGCCAC-3’

Forward 5’-CAATTGTAGCCTAGCTGGTCG -3’
Bmac0576 54°C
Reverse 5-GGGTGTATGCAAGTGGGC-3’

3. Results

3.1. Protein analysis:

SDS-PAGE recorded the differences in the seed storage
protein depending on the number of bands among twelve
durum wheat Genotypesasare shown in Figure (1) and
Table (5). The electrophoresis was estimated based on the
molecular weight (Mw) of each band represented with a
unit of KiloDaltons (kDa). A total number of the band was
22 bands, four of which were monomorphic (18.2%) and
18 were polymorphichands with 81.8% polymorphism,
including two unique bands at MWs 62kDa and 17 kDa
appeared in Sohag almansheah 41 and Sohag almansheah
33 genotypes, respectively. The five genotypes Baniswef
3, Baniswef 4, Baniswef 5, Baniswef 6 and Sohag lgave
the highest number of bands (18 bands) at the same loci in
their protein  patterns, indicating similar genetic
background,while Sohag almansheah 34 exhibited the
lowest number of bands (6 bands).

Table 5 . Densitometric analysis represents seed storage protein
electrophoretic patterns using SDS-PAGE for characterization of
twelve durum wheat genotypes

2.2.2.4. RAPD analysis

Five random, 10-mer primers were used for RAPD
analysis depending upon the literature (Table 4) to
characterize the twelve wheat Genotypes. PCR technique
was performed in 25 pl volume containing: master mix
(Thermo scientific K1081), 10 pl buffer (10 X), 1ul primer
(100 pmol), 1ul DNA template (50 ng) and 13 plwater
(nuclease-free). The amplification was carried out in a
thermocycler programmed as follows: 1 cycle of
94°C/2min, 35 cycles of (94°C/1min, annealing
temperatures as shown in Tables (4), /2 min and 72°C/2
min),1 cycles 72°C/7 min. The primer annealing degrees
varied according to the melting point of each primer.
Agarose gel was used for separating the PCR products of
amplified DNA fragments by electrophoresis. The
agarosegel was prepared by dissolving 1.2 g agarose in
100 ml buffer including 40 mM Tris-acetate and 2 mM Na
EDTA. The gel was stained with ethidiumbromide,
photographed under UV light, scanned using Gel-
Documentation system (Bio-Rad).

Table (4): Represent five RAPD primers sequence to characterize
the twelve durum wheat.

Primer Sequence (5°-3") Melting Temperature
OPAL1 CAGGCCCTTC 50°C
OPA4 AATCGGGCTG 55°C
OPB3 CATCCCCCTG 52°C
OPB10 CTGCTGGGAC 46°C
OPA11 CAATCGCCGT 48°C

2.2.2.5. Statistical analysis

The data were analyzed using total lab Programs.
MVSP (Multi-Variant Statistical Package, Kovach 1998)
program was used to find the similarity matrix and
dendrogram (UPGMA, using Nei&Li’s coefficient), which
reflects the relationships among the studied genotypes.

] < 0 —
= o™ ™ ™ <
£ g 23255 2 T 2 2 2 2
z [ @ [ [ [ o (5] o c c c c
2 T = = =2 = < & = =3 < < < <
s z £ 22 ¢ g s £ 5 EEEE
< 3 < < < < [} %) 2 7] < < < <
d g @ @ a0 g £ 2 8
S < < = =
o o [} [}
17 BV, BV, B/}
1 1 - - - - - - + - + +
2 78 + o+ o+ o+ + - - + + - + +
3 71 + + o+ + + - - + + - + +
4 62 - - - - - - - - - - +
5 60 + o+ o+ o+ + - + + + - + +
6 58 + + o+ + + + + + - + -
7 56 + o+ o+ o+ + + + + + + + +
8 49 + o+ o+ o+ + + + + + + + +
9 41 + + o+ + + - - + - - + +
10 35 + o+ o+ o+ + + + + + + + +
11 31 + o+ o+ o+ + - - + - - +
12 29 + + o+ + + - + - - -
13 26 + o+ o+ o+ + - + + - -
14 25 + o+ o+ o+ + - - - + + + +
15 24 + + o+ + + + + + - + - -
16 19 - - - - - + + - - - - -
17 17 - - - - - - + - -
18 13 + + o+ + + + + + + + + +
19 9 + o+ o+ o+ + - + + - - -
20 8 + o+ 4+ o+ + - - - + - - -
21 7 + + o+ + + + + + - - - -
22 5 + o+ 4+ o+ + + - + + - - -
Total bands 18 18 18 18 18 8 10 16 14 6 11 12
M 1 2 3 4 5 6 7 8 9 10 11 12
Zom el ¥ But Scah

13 ki

— —_

Figure 1. SDS-PAGE of seed storage proteins fingerprint for twelve
durum wheat genotypes.
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Genetic Similarity: The genetic similarity index and
dendrogram tree of the studied twelve durum wheat
genotypes were performed using Nei&Li’s similarity index
on based onproteins electrophoresis as shown in Table (6)
and Figure (2). The genetic similarity among 12 the durum
wheat genotypes ranged from 42% to 100%, with an
average of 71%. Some distinctive genotypes showed
identical genetic similarity with others, such as Sohag 1,
Baniswef 3, Baniswef 4, Baniswef 5and Baniswef 6
(100%), Sohag5 and (Sohag 1, Baniswef 3, Baniswef 4,
Baniswef 5, and Baniswef 6) with similarity 94%, while
some varieties displayed low genetic similarity such as
Sohag almansheah 4land Sohag 3 revealed 42%
similarity, Sohag almansheah 41 and Sohag4 (46%),
Sohag almansheah 34 and Sohag 5 (46%). The
dendrogram showed that the twelve durum wheat
genotypes could be divided into two main clusters. The
first cluster was classified into two sub-clusters, the first
sub-cluster contained only one genotype Sohag
almansheah 34. The second sub-cluster contained two
genotypes sohag 3 and sohag 4 with similarity index 82%.
The second cluster was divided into two sub-clusters; the
first sub-cluster contained two main groups; the first group
included Sohag almansheah 41 and Sohag almansheah 35
with similarity 87%, while the second group contained the

only one genotypes Sohag almansheah 33. However, the
second sub-cluster contained two main groups; the first
group included one genotype Sohag5, thes econd group
contained the five genotypes Sohag 1, Baniswef 3,
Baniswef 4, Baniswef 5, and Baniswef 6 with a similarity

UPGMA Sohag almansheah 34
I .
Sohag 3
Sohag almansheah 41
Sohag almansheah 33
sohag 5
Sohag 1
Baniswef 6
Baniswef 5
Baniswef 4
Baniswef 3
052 06 068 076 084 092 1

Nei & Li's Coefficient

of 100%.

Figure 2. Dendrogram representing the genetic relationship
among the twelve durum wheat genotypes using UPGMA cluster
analysis of Nei&Lis similarity coefficient generated from seed
storage proteins pattern.

Table (6): Genetic similarity percentages of the twelve durum wheat genotypes based on protein banding patterns.
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Baniswef 3 1.00
Baniswef 4 1.00 1.00
Baniswef 5 1.00 1.00 1.00
Baniswef 6 1.00 1.00 1.00 1.00
Sohag 1 1.00 1.00 1.00 1.00 1.00
Sohag 3 0.48 0.48 0.48 0.48 0.48 1.00
sohage 4 0.64 0.64 0.64 0.64 0.64 0.82 1.00
sohag 5 0.94 0.94 0.94 0.94 0.94 0.52 0.69 1.00
Sohag almansheah 33 0.75 0.75 0.75 0.75 0.75 0.38 0.58 0.67 1.00
Sohag almansheah 34 0.50 0.50 0.50 0.50 0.50 0.77 0.63 0.46 0.50 1.00
Sohag almansheah 35 0.69 0.69 0.69 0.69 0.69 0.44 0.57 0.67 0.80 0.59 1.00
Sohag almansheah 41 0.67 0.67 0.67 0.67 0.67 0.42 0.46 0.64 0.69 0.56 0.87 1.00

3.2. ldentification of durumwheat genotypes by ISSRs
analysis:

Twelve ISSRsprimers were used to characterize the
twelve durum wheat genotypes. Figure (3) shows the
banding patterns produced from each primer for the twelve
genotypes. The amplification results indicated distinct
differences for the identification of these genotypes as
shown in Table (7). A total of 68 amplified DNA
fragments ranging in size froml173- 1452bp, and 28
fragments out of 68 loci, 41.2% were monomorphic and
58.8 % were polymorphic with average of 3.3
polymorphisms per primer. The number of DNA
fragments for each primer varied from 3 (ISSR-5and
HBS11) to 9 (17889B) with average of 5.6 fragments per
primer. On the other hand, the primer 17889B gave the
highest number of amplified fragments (72 fragments) for

all studied genotypes, while the primer 844B showed the
lowest number of bands (24 fragments). Two specific
amplicons with molecular size1452 and 900 bp were
detected in the electrophoretic patterns of genotype Sohag
almansheah 41 by ISSR2 marker; one specific marker of
MW with molecular size1500 bp was detected in genotype
Baniswef 3 by HB12 marker. In addition, two specific
fragments at molecular sizes 517 and 313 pb revelled in
Sohag 1 and Sohag almansheah 41, respectively by 844B
marker. Two specific bands with molecular sizes 210 and
500 bp were detected in the genotype Sohag almansheah
41 by 17889B and 1789BS5 markers, respectively. DNA
primer 17889 Bout of twelve used in ISSR-PCR analysis
succeeded to give the high rate of polymorphism between
wheat genotypes.
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Table 7. The polymorphic loci amplified by the twelve ISSRs primers

Primer Loci  range sizes of loci Polymorphic Monomorphic  Polymorphism%  Specific bands Total Bands in all genotypes
ISSR-2 6 800-1452 5 1 83% 2 31
ISSR-3 7 180-650 4 3 57.1% - 61
ISSR-4 7 183-714 4 3 57% - 71
ISSR-5 3 173-400 3 0% - 36
I1SSR-6 6 219-813 3 3 50% - 63
HB12 8 383-1519 4 4 50% 1 66
S44A 6 200-603 2 4 33.3% - 59
8448 4 250-512 4 100% 2 24
17889A 4 295-718 2 2 50% - 41
17889B 9 213-715 7 2 77.7% 1 72
17898BS5 5 200-700 4 1 80% 1 35
HBS11 3 291-405 1 2 33.3% - 28
Total loci 68 173-1452 40 28 58.8 % 7

M 1 2 3 4 5 6 7 B 9 10 1

HB11 Primer

178898 Primer

Figure 3. An example of ISSRs banding pattern obtained using HB11and 17889B primers with 12 Egyptian wheat cultivars and landraces.
M: ladder. (1) Baniswef 3; (2) Baniswef 4; (3) Baniswef 5; (4) Baniswef 6; (5) Sohag 1; (6) Sohag 3; (7) Sohag 4; (8) Sohag 5; (9) Sohag
almansheah 33; (10) Sohag almansheah 34; (11) Sohag almansheah 35;(12) Sohag almansheah 41.

Genetic Similarity: The genetic similarity index and
dendrogram tree of studied twelve durum wheat genotypes
were performed using Nei&Li’s similarity index on the
basis ISSR markers in Table (8) and Figure (4). The
genetic similarity values ranged from 73 to 98%, with an
average of 85.2%. Some distinctive genotypes showed
high genetic similarity, while others such as Sohag
almansheah 33 and Sohag almansheah 34 gave the highest
genetic similarity (98%), Sohagalmansheah 33 and Sohag
almansheah 35 (96%). However, some genotypes
displayed low genetic similarity such as Sohag almansheah
41 and (Baniswef 3 and Baniswef 4) revealed 73%, Sohag
almansheah 41 and Baniswef 5 (75%), Baniswef 6 and
Baniswef 3 (73%). The dendrogram resulting from
UPGMA cluster analysis showed that the twelve durum
wheat genotypes could be divided into two main clusters.
The first cluster contained only one genotype
Sohagalmansheah41. The second cluster could be divided
into two sub-clusters; the first sub-cluster contained two
main groups; the first group was classified into two sub-
group; the first sub-group included Sohagalmansheah33,
Sohagalmansheah34 with similarity (98%), Sohag
almansheah 35 and Sohag 5 with similarity (96%), while
thes econd sub-group contained only one genotype Sohag
4. The Second-group was divided into two sub-groups; the
first sub-group included Sohagl and Sohag 3 with
similarity 93%, the second sub-group had one genotype
Baniswef 6. The second sub-cluster consisted of two main
groups; the first group included only one genotype
Baniswef 5, the second group was composed of the two

genotypes Baniswef 3, and Baniswef4 with similarity
85%.

UPGMA Sohag almansheah 41

Sohag almansheah 34
1 Sohag almansheah 33
| Sohag almansheah 35

L _sohag 5
L sohage 4
Sohag 3

S
Baniswef 6
Baniswef 5

Baniswef 4
Baniswef 3

076 08 084 088 092 0% 1
Nei & Li's Coefficient

Figure 4. Dendrogram representing the genetic relationship
among the twelve durum wheat genotypes using UPGMA cluster
analysis of Nei-Lis similarity coefficient generated from ISSRs
markers.
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Table 8. Genetic similarity percentages of the twelve durum wheat genotypes based on ISSRs banding patterns.
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Baniswef 3 1.00
Baniswef 4 0.85 1.00
Baniswef 5 0.84 0.83 1.00
Baniswef 6 0.73 0.82 0.80 1.00
Sohag 1 0.82 0.90 0.86 0.89 1.00
Sohag 3 0.80 0.84 0.84 0.87 0.93 1.00
sohag 4 0.84 0.86 0.84 0.85 0.90 0.87 1.00
sohag 5 0.81 0.85 0.81 0.84 0.89 0.84 0.93 1.00
Sohag almansheah 33 0.76 0.84 0.80 0.85 0.91 0.88 0.91 0.96 1.00
Sohag almansheah 34 0.78 0.82 0.80 0.83 0.89 0.86 0.91 0.96 0.98 1.00
Sohag almansheah 35 0.77 0.82 0.79 0.86 0.89 0.86 0.93 0.96 0.96 0.96 1.00
Sohag almansheah 41 0.73 0.73 0.75 0.78 0.78 0.77 0.82 0.82 0.83 0.83 0.85 1.00

3.3. Identification of durum Wheat genotypes by SSRs
analysis:

Figure (5) shows the banding patterns produced from
each SSRs primer for the twelve durum genotypes. Table
(9) illustrates the amplification results by PCR for the
studied wheat genotypes with eight SSR primers indicated
distinct differences for identification of these genotypes. A
total of 50 amplified DNA fragments ranging from 50-
1217bp were presented, whereas 19 fragments out of 50
loci, 38 % were monomorphic and 62% were polymorphic
with an average of 3.9 polymorphisms per primer. The
number of DNA fragments for each primer varied from 1

Table (9): The polymorphic loci amplified by the eight SSRs primers.

band (MGB391) to 10 (Bmagl49) with average of 6.2
fragments per primer. On the other hand, the primer
Bmag149 gave the highest number of amplified fragments
(90 bands) for all investigated genotypes, while the primer
MGB391 showed the lowest number of amplified
fragments (12 amplicons). Two specific bands with
molecular sizes (1000 and 359 bp) were recorded in
genotype Sohag almansheah 41, using primers BMag149
and Bmagl3, respectively. Two DNA primers (Bmagl3
and Bmag 210) out of eight gave the highest rate of
polymorphism.

Primer Loci Range Sizes of loci  Polymorphic Monomorphic ~ Polymorphism%  Specific bands Total Bands in all genotypes
Bmag13 9 123 -803 pb 7 2 77.7% 1 66

MGB391 1 112pb 0 1 0% - 12

GMS1 8 79 -1217 pb 6 2 75% - 66

EBmac624 6 147-509 pb 3 3 50% - 54

Bmag210 9 63-300 pb 6 3 77.7% - 75

Bmag149 10 51-1000pb 7 3 70% 1 90

HVITR1 3 59-210 pb - 3 0% - 36

Bmac0576 4 50-490 pb 2 2 50% - 43

Total loci 50 50-1217 pb 31 19 62% 2 442

“u

-

_,-_\r-—--—-'-——__

B . . T T 'S

GMS1 primer

10 11

Bmagl3 primer

Figure 5. An example of SSRs banding pattern obtained using GMS1 and Bmag 13 primers with 12 Egyptian wheat cultivars and
landraces. M: ladder. (1) Baniswef 3; (2) Baniswef 4; (3) Baniswef 5; (4) Baniswef 6; (5) Sohag 1; (6) Sohag 3; (7) Sohag 4; (8) Sohag 5;
(9) Sohag almansheah 33; (10) Sohag almansheah 34; (11) Sohag almansheah 35; (12) Sohag almansheah 41.

Genetic Similarity: The genetic similarity index and
dendrogram tree of the studied wheat genotypes were

performed using Nei-Li’s similarity index on the basis
SSRs markers in Table (10) and Figure (6). The similarity
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values among studied durum wheat genotypes ranged from
64 to 96%, with average 81.5%. Genotypes Sohag3 and
Sohag5 gave the highest genetic similarity (96%), Sohag 4
and Sohag 5 (94%). On other hand, Sohag almansheah 41
and Baniswef 3 displayed the lowest genetic similarity
(64%), Sohagalmansheah33 and Baniswef 3 (67%). The
dendrogram resulting from UPGMA cluster analysis
showed that the twelve studied durum wheat genotypes
could be divided into two main clusters. The first cluster
contained two genotypes Baniswef 3 and Baniswef 5 with
similarity 85%, the second cluster was divided into two
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sub-clusters; the first sub-cluster contained only one
genotype, Sohag almansheah 41. The second sub-cluster
consisted of two main groups; the first group contained
two genotypes, Sohag almansheah 34 and sohag
almansheah 35 with similarity 92%. The second group was
Classified into two sub-groups: The first sub-group:
hasone genotype Sohagalmansheah 33, the second sub-
group: involved Sohag 1 and Baniswef 6 with similarity
90%, sohag 3 and sohag 5 (96%), Baniswef 4 and sohag4
(92%).

Table 10. Genetic similarity percentages of the twelve durum wheat genotypes based on SSRs banding patterns.
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Baniswef 3 1.00
Baniswef 4 0.76 1.00
Baniswef 5 0.85 0.83 1.00
Baniswef 6 0.76 0.86 0.80 1.00
Sohag 1 0.74 0.90 0.81 0.90 1.00
Sohag 3 0.72 0.90 0.75 0.89 0.88 1.00
sohag 4 0.74 0.92 0.81 0.89 0.88 0.90 1.00
sohag 5 0.73 0.91 0.77 0.88 0.90 0.96 0.94 1.00
Sohag almansheah 33 0.67 0.84 0.74 0.84 0.86 0.82 0.88 0.87 1.00
Sohag almansheah 34 073 0.84 0.77 0.83 0.88 0.85 0.87 0.89 0.79 1.00
Sohag almansheah 35 0.75 0.81 0.73 0.83 0.84 0.84 0.81 0.83 0.72 0.92 1.00
Sohag almansheah 41 0.64 0.78 0.70 0.85 0.84 0.79 0.83 0.83 0.76 0.86 08 1.00
UPGMA 3.4. Identification of durum Wheat Varieties by RAPD
Sohag almansheah 35 -~
Sohag almansheah 34 Characterization of the twelve durum wheat genotypes
Sohag almansheah 33 was performed by five RAPD primers. Figure (7) shows
Sohag 1 the banding patterns produced from each primer for the
SB(%n;swgf 6 twelve genotypes. The amplification results by PCR for
Sohagg 3 the studied wheat genotypes are illustrated in Table (11). A
sohage 4 total of 20 amplified DNA fragments ranged from
Baniswef 4 189- 853bp, whereas ten fragments out of 20 loci, were
Baniswef 5 monomorphic 50 % and 10bansd were polymorphic (50%)
—___ Baniswef 3

07 075 08 085 09 095 1

Nei & Li's Coefficient

Figure 6. Dendrogram representing the genetic relationship
among the twelve durum wheat genotypes using UPGMA cluster
analysis of Nei-Lis similarity coefficient generated from SSRs
markers

Table 11. The polymorphic loci amplified by the five RAPD primers.

with average of 2polymorphic fragments per primer.
However, the primer OPB10 gave the highest number of
amplified fragments (44 bands) for all studied genotypes,
while the primer OPA3 showed the lowest number of
amplified fragments. (30amplicons). No specific markers
were detected in the electrophoretic patterns of all
genotypes. The number of DNA fragments for each primer
varied from 3 (OPA3) to 5 (OPB10) with average of 4
fragments per primer.

Primer Loci range s.izes Polymorphic Monomorphic Polymorphism% Specific bands Total Bands in all
of Loci genotypes

OPAl 4 200-700pb 3 1 75% - 35

OPA4 3 300-700pb 1 2 33.3% - 30

OPB3 4 312-853pb 3 1 75% - 34

OPB10 5 789-189ph 2 3 60% - 44

OPA1l 4 208-500pb 1 3 25% - 41

Total loci 20 189-853pb 10 10 50% - 184
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M 1 2 3 4 5 6 7 8B 9 10 11 12

OPA4 primer

M 1 2 3 4 5 6 7 8 95 10 11 12

Ty -

OPB3 primer

Figure (7): An example of RAPD banding pattern obtained using OPA4 and OPB3 primers with 12 Egyptian wheat cultivars and landraces.
M: ladder. (1) Baniswef 3; (2) Baniswef 4; (3) Baniswef 5; (4) Baniswef 6; (5) Sohag 1; (6) Sohag 3; (7) Sohag 4; (8) Sohag 5; (9) Sohag
almansheah 33; (10) Sohag almansheah 34; (11) Sohag almansheah 35;(12) Sohag almansheah 41.

Genetic Similarity: The genetic similarity index and
dendrogram tree of the studied genotypes were performed
using Nei-Li’s similarity index depend on RAPDmarkers
as shown in Table (12) and Figure (8). The genetic
similarity ranged from 54 to 100%, with an average 77%.
Sohag almansheah 33 and almansheah 34 showed identical
genetic similarity (100%), Sohagl and Baniswef 4
revealed high genetic similarity (94%), Sohag 4and
Baniswef 6 (94%), Baniswef 6 and Baniswef 5 (91%),
while some genotypes revealed low genetic similarities
such as Sohag3 and Baniswef 3 (54%), Sohaglandsohag 3
(54%), Sohag almansheah 35and Baniswef 3 (59%), Sohag
almansheah 41 and Sohag 3 (59%).

The dendrogram resulting from UPGMA cluster
revealed that the twelve durum wheat genotypes could be
divided into two main clusters. The first cluster contained
only one genotype Sohag 3, the second cluster was divided
into two sub-clusters; the first sub-cluster contained only
one genotype Baniswef 3. The second sub-cluster
contained two main groups; the first group was composed
of three genotypes, Sohag almansheah 33 and Sohag
almansheah 34 with similarity 100% and Sohag
almansheah 35. The second group was divided into two
sub-groups; the first sub-group included one genotype
sohag 5, the second sub-group involved the rest of
genotypes.

Table (12): Genetic similarity percentages of the twelve durum wheat varieties based on RAPD banding patterns.
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Baniswef 3 1.00
Baniswef 4 0.81 1.00
Baniswef 5 0.8 0.89 1.00
Baniswef 6 0.77 0.92 0.91 1.00
Sohag 1 0.80 0.94 0.88 0.97 1.00
Sohag 3 0.54 0.57 0.61 0.59 0.54 1.00
sohag 4 0.76 0.86 0.85 0.94 0.91 0.64 1.00
sohag 5 0.71 0.82 0.81 0.85 0.81 0.58 0.84 1.00
Sohag almansheah 33 0.74 0.85 0.84 0.81 0.84 0.70 0.73 0.76 1.00
Sohag almansheah 34 0.74 0.85 0.84 0.81 0.84 0.70 0.73 0.76 1 1.00
Sohag almansheah 35 0.59 0.85 0.71 0.81 0.84 0.70 0.73 0.76 0.86 0.80 1.00
Sohag almansheah 41 0.71 0.92 0.86 0.89 0.86 0.59 0.82 0.85 0.81 0.81 0.81 1.00
VA Soheg 3
Soheqal = 3.5. Combined results of protein, ISSRs, SSRs and RAPD
Soheg alimershesh 34 markers:
Sdﬁgg'"ﬂrﬂmh% The genetic similarity coefficient and dendrogram tree
Sdagg Amershesh 41 were gathgred between the twelve durum wheat cultivars
Banisvef 5 after protein pattern, ISSRs, SSRs, and RAPD markers as
30*’99814 illustrated in Table (13) and Figure (9). The genetic
mw\efg 6 similarity ranged f_rom 70 to 92 %, with average 81%.
Baniswef 4 Sohagl, and Baniswef4 and Baniswef 6 showed the
Baniswef 3

052 06 068 076 084 02 1
Nei & Li's Coefficient
Figure 8. Dendrogram representing the genetic relationship
among the twelve durum wheat genotypes using UPGMA cluster
analysis of Nei-Lis similarity coefficient generated from RAPD
markers.

highest genetic similarity (92%), Sohag 4 and Sohag 5
(90%), Sohag almansheah 34 and Sohag almansheah 35
(90%). On the other hand, Sohag almansheah 41 and
Baniswef 3 revealed the lowest genetic similarity (70%).
The dendrogram revealed that the twelve durum
wheat genotypes could be divided into two main clusters.
The first cluster contained only two cultivar Baniswef 3
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and Baniswef 5 with similarity 80, the second cluster was
divided into two sub-clusters; the first sub-cluster
contained only one Laundress Sohag almansheah 41. The
second sub-cluster contained two main groups; the first
group included only one genotype sohage 3, the second

group divided into two sub group; the first sub-group
included three landraces Sohag almansheah 35, Sohag
almansheah 34 and Sohag almansheah 33, the second sub-
group included the rest of genotypes.

Table (13): Genetic similarity percentages of the twelve durum wheat varieties based on combination o proteins, ISSRs, SSRs and RAPD
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Baniswef 3 1.00
Baniswef 4 0.84 1.00
Baniswef 5 0.87 0.87 1.00
Baniswef 6 079 087 08 100
Sohag 1 082 092 087 092 100
Sohag 3 071 079 074 080 08 100
sohag 4 077 08 081 085 08 08 100
sohag 5 080 08 08 087 08 083 090 1.00
Sohag almansheah 33 073 08 078 083 08 079 084 0.87 1.00
Sohag almansheah 34 073 08 076 080 08 083 085 0.86 0.88 1.00
Sohag almansheah 35 073 08 075 0.8 08 080 083 0.86 0.86 0.90 1.00
Sohag almansheah 41 070 077 074 08L 08 073 079 0.80 0.79 0.81 0.83 1.00
LPGIVA Sohag almershesh 41 4. Discussion
Soheg 3
Sdeg::”e‘mi We study the genetic diversity of twelve durum
Sdngg almersheah 33 genotypes depending on different types of markers, total
soheg 5 seed storage protein as a biochemical marker and three
sohege 4 types of molecular markers (SSRs, ISSRs, and RAPD
Banisnef 6 markers). The biochemical markers reflect the genetic
Soteg 1 - : ST
Banisnef 4 information of DNA. So, genetic diversity could be
Baniswef 5 efficiently  studied using either DNA  markers
1 Bwisnef 3
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Figure(9): Dendrogram generated from the combined results of
proteins, ISSRs, SSRs, and RAPD markers among the twelve

durum wheat genotypes using UPGMA cluster analysis of Nei-Lis
similarity coefficient.

Regarding the collective data of proteins, ISSRs, SSRs
and RAPD markers are shown in Table (14), the proteins
fingerprint  performs the highest percentage of
polymorphism 81.8% with two specific bands. On the
other hand, RAPD revealed the lowest percentage of
polymorphism 50% with no specific bands. ISSRs markers
gave (58.8 %) the percentage of polymorphism and gave
the highest number of unique bands (7 bands), while SSRs
displayed two specific bands and 62% polymorphism.

Table (14): Comparison of the genetic parameter between protein,
ISSRs, SSRs and RAPD analysis for the twelve durum wheat
genotypes.

Molecular Parameter Value

Protein ISSR SSR RAPD
Total Bands 22 68 50 20
Monomorphic Bands 4 28 19 10
Polymorphic Bands 18 40 31 10
% of Polymorphism 81.8% 58.8% 62% 50%
Unique Bands 2 7 2

(Mohammadi and Prasanna, 2003) and/or biochemical
markers (Nagy et al., 2009). In this study, we observed
that the proteins fingerprint provided the highest
polymorphism 81.8% with two specific bands, These
results were in an agreement with those of (Tahir
et al., 1996) who found the high level of
polymorphism detected in Pakistani wheat cultivars
analyzed with protein markers and (Tahir, 2009)
who indicated that protein fingerprint may be
useful for selection aims in breeding programs of
wheat varieties. Seed storage protein electrophoresis
succeeded to identify barley cultivars (El-Rabeyet al.,
2009b) in maize (Kamal and Yehia, 2010)

On the other hand, RAPD analyses revealed the lowest
percentage of polymorphism 50% with no specific bands
detected; this percentage of polymorphism was closely
related with an earlier study by (Tahir, 2008) who detected
the level of polymorphism for bread wheat (40%) and
(35%) for durum wheat by RAPD analysis. In RAPD
analyses, the number of alleles ranged from 3 to 5 per
primer, with average of 4 per primer. The average of
polymorphic band (PB) per primer (P) is 2 PB/P; this
average was closely related with earlier studies in various
plant species such as, 3.58PB/P in Cucumis
sativus (Manoharet al., 2013), 2.9 PB/P in bread wheat
(Khaled et al., 2015).

However, molecular markers gave different
polymorphism average, ISSRs markers represented the
highest number of unique bands (7 bands), 40 of 68 bands
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were polymorphic with 58.8% polymorphism. The number
of alleles ranged from 3 to 9 per primer, with an average of
5.6 per primer. ISSRs markers are highly polymorphic and
repeatable even for intra-specific purposes in wheat
varieties and could be used for cultivar identification.
These results agreed with those of (Abou-Deifet al., 2013)
who used Eight ISSRs primers to characterize wheat
genotypes including hexaploid, tetraploid and diploid in
relation to their genetic background and geographical
origin. ISSRs primers produced 112 amplified DNA
fragments ranging in size from 127-1857 base pairs, 17
fragments were monomorphic (15.2%) and 95 fragments
were polymorphic (84.8%) with average of 11.87
polymorphisms per primer. According to (Fang and Roose,
1997 and Naik et al., 2017), ISSRs markers were found to
be more effective in diversity study than RAPD markers.
The present investigation clearly supported that view. The
variation evidenced by ISSRs markers was due to selective
amplification. They amplified conserved regions existing
between the microsatellite repeat sequences, but RAPD
markers are not selective; rather, they amplified any
regions within the entire genome (Zietkiewiczet al. 1994).
Although major bands from RAPD reactions were highly
reproducible, minor bands could pose difficult to repeat
due to the random priming nature of this PCR reaction and
potential confounding effects associated with co-migration
with other markers (Tessieret al., 1999).

SSRs displayed two specific bands and the highest
polymorphism, 31 out of 50 bands were polymorphic with
62% polymorphism. The number of alleles ranged from 1
to 10 per primer, with average of 6.2 per primer. This
result agreed with previous study of (Li et al., 2006) who
reported that total of 97 alleles were detected at 16 SSR
loci. At each locus, the number of alleles ranged from two
to fourteen, with an average of 6.1. In wheat, SSRs
markers showed a much higher level of polymorphism and
informativeness than any other molecular marker (Prasad
et al., 2000; Wei et al., 2003). Therefore, Usefulness
Technical in detecting polymorphism and highly variable
able to distinguish closely genetically related plant
genotypes (Hanaan et al., 2013; Ayman and Mohamed,
2019). Highly mutable loci of SSRs may be present at
many sites in a genome (Morgante et al., 1998). As the
flanking sequence of these sites may be unique, primers
can be designed to the flanking sequence (Jones et al.,
1997).

In this study, three of the polymerase chain reaction
(PCR)-based systems (RAPD, ISSRs and SSRs). Each
system is different in principle, type and amount of
polymorphism detected. The level of polymorphism was
the highest in SSRs analysis 62% compared with 50% of
RAPDs and 58.8% of ISSR (Table 14). These results are in
harmony with those of (El-Assal and Gaber, 2012) who
found that the highest level of polymorphism appeared by
SSRs 83% polymorphism compared with RAPD and ISSR
analyses.

Among the different types of molecular markers, SSRs
is a more accurate and informative marker because of its
co-dominance and stability of results (Gupta et al., 1996;
Muhammad et al., 2017). The co-dominant nature of SSR
markers also permits the detection of a high number of
alleles per locus and contributes to higher levels of
expected heterozygosity being reached than would be
possible with RAPD markers. However, this result also

depends on species under study (Belaj et al., 2003). The
highest levels of polymorphism for SSRs system compared
to other systems was also reported in previous studies
(Russel et al., 1997; Rajora and Rahman, 2003; Parvin et
al., 2014; Ayman and Mohamed, 2019).

The similarity matrix of collective data differs from the
similarity matrix of each studied marker (protein, RAPD,
ISSRs and SSRs); and the similarity of each studied
marker is different. This indicates that each studied marker
has a specific characterization in discrimination of studied
genotypes depending on the site of genomic DNA
amplified. Finally, it can also be said that biochemical and
molecular markers could be used either separately or
together for genetic diversity studies in wheat.

5. Conclusion

Study the genetic diversity of twelve durum genotypes
depending on biochemical (SDS-PAGE) marker and three
types of molecular markers (SSRs, ISSRs, and RAPD
markers). These markers discriminated most genotypes
very effectively, whereas, SSRs markers were more
discriminating than RAPD and ISSRs markers. The three
molecular markers used in this study have shown an
aptitude in the differentiation of the -cultivars, the
congruence between RAPD, ISSR and SSR data sets
suggested that either methods, or a combination of all, are
applicable to expend the diversity studies in wheat
cultivars. There are different strengths and limitations for
marker systems, and knowledge of these may be used to
guide the choice of techniques.

Finally it can also be said that molecular and
biochemical markers could be used either together or
separately for studying the genetic relationships among
wheat genotypes.
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Abstract

Artificial selection pressures utilized by the poultry industry have resulted in broilers capable of fast growth but possessing
poor thermoregulatory capacity. Modern broiler strains are, therefore, especially vulnerable to heat exposure during the
incubation, rearing, and transport processes. The objective of the present study was to investigate the effects of heat exposure
(HE) during embryonic and adult life on catalase, NADPH oxidase 4 (NOX4), and superoxide dismutase 2 (SOD2)
expression. Briefly, the experimental design involved two phases: HE during embryonic development as well as HE during
adult life. For the first phase, Ross eggs were divided into control (n=268) and HE (n=270) groups that were incubated under
standard (37.8°C and 56% relative humidity (RH)) and HE (39°C and 65% RH for 18 h/day from embryonic day (ED) 10 to
18) conditions, respectively. At ED 18, embryos (n=6) from each group were randomly selected and euthanized to obtain
heart, liver, and spleen samples. For the second phase, 28 day-old adult Cobb chickens were exposed to an elevated
temperature of 40°C for 7 hours, and, at 0, 1, 3, 5, and 7 hours of HE, 5 chickens were randomly selected and euthanized to
obtain liver samples. Embryonic heat exposure resulted in dysregulated catalase, NOX4, and SOD2 mRNA expression.
Catalase mRNA expression was significantly higher in the hearts (p=0.014) and spleens (p=0.0299) but significantly lower
in the livers (p=0.002) of heat-exposed embryos. Likewise, in heat-exposed embryos, SOD2 mRNA expression was
significantly higher in the hearts (p=0.0002) and spleens (p=0.041) but significantly lower in the livers (p=0.009). Although
NOX4 mRNA levels were significantly higher in the hearts (p=0.003) and significantly lower in the livers (p=0.03) of heat-
exposed controls, this expression did not change in the spleens (p=0.79). In contrast, heat stress during adult life affected
only the catalase mRNA levels during certain time points, namely after 7 hours of heat exposure (p=0.0001). Since the
aforementioned genes play essential roles in the prevention of oxidative stress, the present study could help elucidate the
mechanism behind heat-induced oxidative stress in the context of broiler chickens.

Keywords: heat stress; broiler; antioxidant; liver; catalase; superoxide dismutase.

between an organism’s antioxidant defence system and its

1. Introduction

The broiler industry is the fastest-growing meat
industry on a global scale (Chang and Hui-Shung, 2007).
Over the past half-century, artificial selection pressures
have increased the growth rates of broiler chickens by
more than 400% (Zuidhof et al., 2014). Despite these
advances, broiler growth is still dependent upon
environmental rearing conditions such as feed and water
provision, flock density, and ambient temperature, the
latter of which can seriously impact broiler welfare (Lara
and Rostagno, 2013). In fact, it has been suggested that
artificially selecting for increased growth rates has
compromised the thermoregulatory capacity of broilers,
making them especially susceptible to heat stress
(Sandercockt et al., 2006). Heat stress is a major cause of
broiler mortality during rearing and transportation,
resulting in major economic losses and reduced meat
quality (St-Pierre et al., 2003; dos Santos et al., 2017).

In broilers, heat stress often manifests in the form of
oxidative stress, which occurs as a result of the imbalance

“ Corresponding author e-mail: alzghoul@just.edu.jo.

reactive oxygen species (ROS) (Estévez, 2015). NADPH
oxidase 4 (NOX4) is a constitutionally active membrane-
bound complex that helps maintain oxidative homeostasis
by acting as an oxygen sensor (Nisimoto et al., 2014). In
the process, NOX4 generates superoxide (O,) radicals and
hydrogen peroxide (H,0,), and their unchecked
production contributes to damage of cellular DNA, lipids,
and proteins (Mujahid et al., 2005; Mishra and Jha, 2019).
Although they are damaging in excess, both superoxide
and hydrogen peroxide play an essential role in innate
immune defence mechanisms, and NOX4 under-expression
increases an organism’s susceptibility to microbial
infection (Rada and Leto, 2008). A plethora of
mechanisms are involved in the prevention of oxidative
stress in the case of elevated NOX4 expression, the most
notable of which are superoxide dismutase 2 (SOD2) and
catalase (Al-Zghoul et al., 2019).

Serving as the first line of defence against heat-induced
oxidative stress, the antioxidant enzymes SOD2 and
catalase dismutate superoxide and disproportionate
hydrogen peroxide, respectively (Matsumoto et al., 2009;
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Ighodaro and Akinloye, 2018). As can be seen from
Figure 1, SOD2 and catalase are essential to the prevention
of oxidative damage in the aftermath of NOX4 expression.
Furthermore, heat-stressed broiler chickens were reported
to have modulated levels of SOD2 and catalase expression
that differed between different types of tissues (Surali,
2016; Del Vesco et al., 2017; Kikusato and Toyomizu,
2019). Compared to other organs, the liver is especially
vulnerable to the effects of oxidative stress because of its
key role in maintaining homeostasis (Bonkovsky, 2015; Li
et al., 2015). It has been previously shown that the liver of
broiler chickens is more susceptible than the heart during
periods of acute heat stress (Lin et al., 2006).

The optimum incubation temperature for a chicken
embryo is 37.8°C + 0.3°C; higher temperatures accelerate
growth while lower temperatures inhibit it (Yalcin and
Siegel, 2003). To combat the effects of heat stress, thermal
manipulation (TM), which is the increase of incubation
temperature for a certain period of time during embryonic
development, enhances a broiler’s ability to tolerate heat
stress as an adult (Moraes et al., 2003; Morita et al., 2016;
Naring et al., 2016; Al-Zghoul et al., 2019; Saleh and Al-
Zghoul, 2019; Al-Zghoul et al., 2019). Such thermal
manipulation should be intermittent and not continuous, as
the latter negatively affected the hatchability and overall
performance parameters of broilers (Piestun et al., 2008).
Although there are previous reports of the post-hatch
benefits of embryonic thermal manipulation, the exact
effect on embryo physiology and metabolic function is not
well-understood.

Despite warming global temperatures and a rapidly
growing broiler industry, there is only a small number of
studies on the effect of heat-induced oxidative stress on
broiler liver function. Similarly, there is a dearth of
information on the effects of oxidative stress on the
embryonic cardiac, hepatic, and splenic antioxidant
function of broilers. Therefore, the main objectives of the
present study are to investigate the effects of embryonic
heat exposure and the impact of post-hatch heat stress on
the cardiac, hepatic and splenic expression of the catalase,
NOX4, and SOD2 genes in broiler chickens.
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Figure 1. NOX4 acts as an oxygen sensor to protect against
oxidative damage. However, its activity generates superoxide and
hydrogen peroxide, which must then be dismutated and
disproportionated by superoxide dismutase 2 (SOD2) and
catalase, respectively.

2. Material and methods

All experimental procedures employed in the current
study were approved by the Animal Care and Use
Committee at Jordan University of Science and
Technology. Figure 2 illustrates the details of the
experimental design described in this section.

2.1. Heat exposure during embryonic development

Fertile Ross eggs (n=600) were acquired from Al-
watannia poultry certified breeder in Amman, Jordan, and
thoroughly examined for any abnormalities. After
excluding damaged eggs (n=17), the remaining eggs were
incubated in two Type | HS-SF commercial incubators
(Masalles, Spain) under standard conditions (37.8°C and
56% relative humidity (RH)) until embryonic day (ED) 10.
The viability of the incubated eggs was checked on
embryonic day (ED) 7 by candling, in which infertile eggs
and eggs with dead embryos were excluded from the
present study (n=35). On ED 10, the eggs in the first
incubator were considered as the control group (n=268),
and the eggs in the other incubator were considered as the
heat-exposed (HE) group (n=280). The eggs of the control
group were maintained at 37.8°C and 56% RH for the
entirety of the incubation period, while those in the HE
group were incubated at 39°C and 65% RH for 18 h/day
during ED 10 to 18. On ED 18, six embryos were
randomly selected from each group and their hearts, livers,
and spleens were collected.

@) ®)
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Figure 2. Summary of the experimental procedures employed in
the present study. ED: embryonic day; HE: heat-exposed; RH;
relative humidity.

2.2. Heat exposure during adult life

At the age of 26 days, healthy Cobb chickens (n=40)
were transferred to the experimental room in order to
acclimate under standard conditions and at a room
temperature of 24°C. At the age of 28 days, the chickens
were exposed to an elevated temperature of 40°C for 7
hours starting at sunrise. After 0, 1, 3, 5, and 7 hours of
heat exposure, 5 chickens were randomly selected and
euthanized in order to extract liver samples. The chickens
euthanized at 0 hours of heat exposure were considered as
the control group to be compared with all other time
intervals.

2.3. Total RNA extraction and reverse transcription

Total RNA was extracted using the Direct-zol™ RNA
MiniPrep Kit (Zymo Research, USA) alongside a TRI
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Reagent Kit (Zymo Research, USA). RNA concentrations
were determined using the PowerWave XS2 microplate
spectrophotometer (BioTek, USA). 2 pg of total RNA
from each sample was used to carry out reverse
transcription by means of the Power cDNA Synthesis Kit
(iNtRON Biotechnology, South Korea).

2.4. Relative quantification via real-time RT-PCR

The QuantiFast SYBR Green PCR Kit (Qiagen, USA)
was used on the Rotor-Gene Q MDx 5plex HRM
instrument (Qiagen, USA). Briefly, the 20 pl reaction mix
was prepared from 10 pl of master mix, 1.2 pl of forward
primer, 1.2 ul of reverse primer, 1 pl of sample cDNA, and
6.6 pl of nuclease-free water. The PCR process involved a
single cycle of 95°C for 5 mins, 40 cycles of 95°C for 10s
followed by 30s at 55°C, and 72°C for 10s with final
melting at 95°C for 20s. The fluorescence emission
detection was carried out during the extension step. 28S
rRNA was used as an internal control to which the fold
changes in mRNA levels were normalized. The single
target amplification specificity was assessed using the
generated melting curve. The relative quantitation was
calculated automatically. Table 1 shows the primer
sequences that were used in the real-time RT-PCR analysis
(Al-Zghoul et al., 2019).

2.5. Statistical analysis

IBM SPSS Statistics v. 23 was utilized for all statistical
analyses. Catalase, NOX4, and SOD2 mRNA levels were
expressed as means + SD. One-way analysis of variance
(ANOVA) was used to compare between the control and
HE groups during embryonic development. However,
ANOVA followed by the all-pairs Bonferroni test was
used to compare the difference between time intervals of
heat exposure (0, 1, 3, 5, and 7 h). Parametric differences
were considered to be statistically significant at P < 0.05.
Table 1. Primer sequences used in the PCR analysis.

Gene Forward (5" to 3') Reverse (5" to 3')

CCAGACCAACTTAGAGGA TCTGGGAAAGGCTCAGTA

NOX4
ACAC GTA

sopp  CTGACCTGCCTTACGACT = CGCCTCTTTGTATTTCTCC
ATG TCT

Catalase CPAGCAGAGAGGTTCCCA CATACGCCATCTGTTCTAC
TTTA CTC

28S CCTGAATCCCGAGGTTAA GAGGTGCGGCTTATCATCT

rRNA  CTATT ATC

3. Results

3.1. Effect of embryonic heat exposure

The effects of embryonic heat exposure on the mRNA
levels of NOX4, SOD2, and catalase in broiler hearts,
livers, and spleens are shown in Figure 3. Catalase and
SOD2 mRNA levels were significantly higher in hearts
(p=0.014; p=0.0002) and spleens (p=0.0299; p=0.041) but
significantly lower in the livers of HE embryos compared
to controls (p=0.002; p=0.009). In addition, NOX4 mRNA
levels were significantly higher in the hearts (p=0.003) and
significantly lower in the livers of HE embryos compared
to controls (p=0.03). However, the splenic mMRNA levels
of NOX4 were not significantly different between the two
groups (p=0.79).
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Figure 3. mRNA expression levels of the catalase, NOX4, and
SOD2 genes in broilers exposed to heat during embryonic
development. In panels A and B, cardiac and splenic catalase and
SOD2 expression is significantly higher in the HE group, while
hepatic expression is significantly lower. In panel C, there was no
difference in splenic NOX4 expression between the control and
HE groups, but cardiac and hepatic expressions were respectively
higher and lower in the HE group. " mean + SD of HE group is
significantly different with control group.

3.2. Effect of adult heat exposure

The effects of heat exposure on the mRNA levels of
NOX4, SOD2, and catalase in the livers of 28 day old
chickens are shown in Figure 4. Heat exposure did not
result in significant changes in the mMRNA levels of NOX4
and SOD2 in broilers (p>0.05). Moreover, heat exposure
did not significantly change catalase mRNA levels after 1,
3, and 5 h (p>0.05). In contrast, the mRNA levels of
catalase were significantly higher after 7 h of heat
exposure compared to 0 h (p=0.0001).
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Figure 4. Hepatic mRNA expression levels of the catalase, NOX4,
and SOD2 genes in broilers exposed to heat during adult life. In
panel A, catalase expression was significantly higher only after 7
h of HE compared to 0 h. In panels B and C, HE did not
significantly affect SOD2 and NOX4 expression.
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4. Discussion

Due to artificial selection pressures imposed by the
commercial poultry industry, modern broiler breeds
possess significantly enhanced weight gain and feed
efficiency rates compared to their predecessors (Zuidhof et
al., 2014). However, these selection pressures did not
result in similar improvements to the cardiovascular,
immune, and respiratory systems, all of which contain
organs that play essential roles in broiler thermoregulation
(Havenstein et al., 2003). Heat exposure during adult life
poses a serious and imminent threat to the global poultry
industry, resulting in substantial commercial losses (St-
Pierre et al., 2003). Therefore, the aim of the present study
was to investigate the effects of heat exposure during the
embryonic and adult lives of broiler chickens on the
mRNA levels of certain antioxidant enzymes, mainly with
regard to the catalase, NOX4, and SOD2 genes.

Catalase mRNA levels were elevated in the heart and
spleen but reduced in the liver of embryos exposed to heat.
Likewise, catalase mRNA levels significantly increased in
the livers of adult broilers after 7 hours of heat exposure.
Previously, catalase expression has been reported to
increase in heat-stressed broilers in response to heat-
induced oxidative stress (Ismail et al., 2013; Del Vesco et
al., 2017). Moreover, catalase activity in heat-stressed
broilers can be enhanced by means of dietary
supplementation (Kumbhar et al., 2018). However, it was
found that heat stress during embryonic and adult life
resulted in reduced catalase mRNA expression levels in
the livers of Cobb and Hubbard breeds (Al-Zghoul et al.,
2019).

After heat exposure, NOX4 mRNA levels were found
to significantly increase and decrease in embryo hearts and
livers, respectively, although splenic NOX4 expression
remained the same. Contrastingly, NOX4 mRNA
expression levels decreased in the livers of heat-stressed
broilers exposed to embryonic thermal manipulation (Al-
Zghoul et al., 2019). In adult broilers, heat exposure did
not result in significant changes to hepatic NOX4
expression (Habashy et al., 2018). Nevertheless, NOX4
mMRNA expression levels increased in avian skeletal
muscle cells upon exposure to heat stress (Kikusato and
Toyomizu, 2019).

Our findings show that heat exposure caused SOD2
mRNA levels to increase in the hearts and spleens and
decrease in the livers of broiler embryos. In contrast, heat
exposure during adulthood did not significantly alter
SOD2 expression in broilers. Increased SOD2 expression
in certain types of skeletal muscle was reported in 21-day-
old broilers exposed to heat stress (Kikusato and
Toyomizu, 2019). In contrast, thermally manipulated Cobb
and Hubbard broilers exposed to heat stress exhibited
reduced hepatic SOD2 mRNA expression levels compared
to controls (Al-Zghoul et al., 2019).

Differences between antioxidant gene expression in
embryos and adults could be due to the fact that embryos
are poikilothermic and, therefore, highly sensitive to
temperature changes (Yalcin and Siegel, 2003; Noiva et
al.,, 2014). In fact, TM during embryonic development
results in lower plasma triiodothyronine concentrations
and reduced oxygen consumption, both of which control
metabolism and the production of heat in fast-growing

chickens (Loyau et al., 2014). Moreover, the liver has a
chief role in the metabolic function and homeostatic
maintenance of broilers, particularly in response to cyclic
heat stress (Jastrebski et al., 2017).

5. Conclusions

The present findings indicate that heat exposure during
embryonic and adult broiler life can have significant
effects on a broiler’s response to oxidative stress. Of
special importance is the catalase gene, as its expression
was dysregulated during heat challenge in both the
embryonic and adult phases of a broiler’s life. Limitations
of the present study include the fact that it only utilized
one broiler breed (Cobb or Ross) for each experimental
phase. In the future, different broiler strains should also be
investigated in the context of antioxidant MRNA
expression after embryonic and post-hatch heat exposure.
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Abstract

The diet composition of a resident pair of the Long-eared Owl (Asio otus) was investigated from a pine stand in southern
Jordan. 111 intact and 40 fragmented pellets yielded a total of 181 individual prey items representing at least 3 rodents and 4
urban birds. Prey items were dominated by house sparrows (43.65%), greenfinches (18.78%) and rodents (15.5%) which
were found in 40, 16 and 26 pellets, respectively. The results suggest that the Long-eared Owl is an opportunistic feeder
preying on a wide spectrum of small vertebrates. Contrary to several reports elsewhere -including the Mediterranean region-
where small mammals dominated the diet of the Long-eared Owl, birds were the most frequent prey item found in this study.
The fact that the Long-eared Owl roosting in a pine plantation in Jordan depends so heavily on House Sparrows indicates the
importance of forest fragments and urban avifauna for survival of this raptor at the southern edge of its distribution range.

Keywords: Diet, Asio otus, Jordan, birds.

1. Introduction

The analysis of owl pellets for prey remains provides a
useful tool for augmenting biodiversity inventories and
gaining insights into the abundance and distribution of
small vertebrates (Askew, 2007; Avenant, 2005; Heisler et
al., 2015; Torre et al., 2004). Additionally, owls (order
Strigiformes) make an ideal group for studying prey
selection due to the relative ease of collecting pellets and
identifying prey remains. Prey selection and intake in owls
are influenced by several factors including: predator and
prey size, prey availability, the environment (i.e.
vegetation), and intensity of competition (e.g. Herrera and
Hiraldo, 1976; Comay and Dayan, 2018).

The Long-eared Owl (Asio otus) is a medium-sized
nocturnal species with distinct erect, blackish ear-tufts. It
has a broad distribution across the northern latitudes of
North America, Europe, Eurasia, and the Levant (Cramp
and Simmons, 1985). It prefers forests close to open
country, edges of semi-open woodland and urban areas
(Cramp and Simmons, 1985). It is known as an opportunist
feeder and takes a high diversity of small-sized prey
(Birrer, 2009). This owl is considered as an uncommon
winter visitor in Jordan (Andrews, 1995). Along with
global distribution, diet has been extensively studied in
North America and Europe, yet reports on its ecology and
diet within the most southern limits of its distribution are
under-represented and far from satisfactory (Birrer, 2009).
Only recently, Obuch (2018) reported on the diet of this
owl in Jordan.

Jordan sits at the most southern edge of distribution of
the Long-eared Owl, yet no studies have been conducted
on its distribution and ecology. The present study reports

“ Corresponding author e-mail: Ma.Abubaker@ju.edu.jo.

on the diet of a Long-eared Owl from southern Jordan over
a period of four months.

2. Methods

Regurgitated pellets (111 in total in addition to 40
broken pellets) from a Long-eared Owl roost site on the
edge of Mutah University campus (31° 5.792' N, 35°
43.091' E) in southern Jordan were collected during July -
October of 2018. The owls were seen within a plantation
of pine trees overlooking open steppe vegetation (Fig. 1).
The area sits within the non-forest, dry Mediterranean
vegetation. The area is highly degraded by overgrazing
and accommodates a suite of urban areas, agricultural
farms, and open areas. The majority of the open area is
barren and rarely covered by vegetation with a few water
run-off-systems (wadis) vegetated by bushes and shrubby
microsystems.

Figure 1. A Long-eared Owl seen in the study near Mtah
University in southern Jordan.
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Each pellet was soaked in warm water and teased using
a pair of forceps and a needle to separate prey remains for
identification. For each species, lower and upper jaws were
cleaned and preserved. Prey remains were identified using
distinctive morphological characteristics of body and/or

skull parts (e.g. mouthparts, mandibles, dentaries)
described based on previous collections from the region
(Harrison and Bates, 1991; Ujhelyi, 2016;

www.skullsite.com).

Diet composition was expressed by frequency of
occurrence of each prey item in the pellets (number of
pellets with in which a prey item occurred), the total
number of individuals (minimum number of individuals,
MNI), percentage (number of individuals divided by the
total number of prey individuals), and the percentage of
mass taken using estimates of prey body weight. The total
number of prey individuals in a pellet was determined
using the total number of mandibles and/or skulls that
were found (Yalden and Morris, 1990).

© 2020 Jordan Journal of Biological Sciences. All rights reserved - Volume 13, Number 4

3. Results

Pellets were dark and cylindrical in shape with an
average length of 35.78+0.9 mm (mean * standard error)
and 21.1+0.3 mm in width. The sample of 111 pellets and
fragments contained an average of 1.26+0.05 prey items
per pellet that were estimated to belong to a total of 181
prey individuals including, at least three species of small
mammals, four species of birds, and additional
unidentified species of passerine birds (Table 1). 84 pellets
contained one prey item (69 only birds and 15 only
rodents), the rest contained two (22 with two birds and
three with a bird and a rodent) or three (one with birds
only and one with two birds and a rodent) prey items. The
153 individual remains of birds were comprised of House
Sparrows  (Passer  domesticus) 43.65%  (N=79),
Greenfinches (Chloris chloris) 17.78% (N=34), Warblers
(Sylvia sp.) 5.52% (N=10), Common Blackbird (Turdus
merula) 1.1% (N=2), and unidentified bird limbs (15.47%,
N=28). The pellets also contained 28 remains of three
rodent species including remains of one mole rat.
Although the total frequency of prey items contained
84.5% birds and 15.5% rodents, the total mass intake was
73.7% birds and 26.3% rodents.

Table 1. Food composition of the long-eared owl in Jordan in terms of frequencies and percentages of prey items.

Occurrence in pellets MNI percentage prey weight Percent weight
Birds, Aves
House Sparrow (Passer domesticus) 40 79 43.65 27 34.65
Greenfinch (Chloris chloris) 16 34 18.78 25 13.81
Warbler (Sylvia sp.) 10 10 5.52 17 2.76
Common Blackbird (Turdus merula) 2 2 1.10 100 3.25
Unidentified birds (feathers and limb bones) 26 28 15.47 42.25 19.22
Mammals, Rodentia
Mole Rat (Nannospalax ehrenbergi) 1 1 0.55 150 2.44
House Mouse (Mus musculus) 4 4 2.21 14 0.91
Tristram’s Jird (Meriones tristrami) 14 16 8.84 70 18.19
Unidentified rodents (fur and limb bones) 7 7 3.87 42 478
181 100

2012). Diet composition in other parts of the Long-eared

4. Discussion Owl’s distribution revealed a higher percentage of small

This is the first report on the diet composition of the
Long-eared Owl (Asio otus) in its southern most limit of
distribution. The diet composition of the Long-eared Owl
contained a wide variety of small vertebrate prey items.
Bird remains occurred the most in the pellets and
comprised the highest frequency at about 84.5% (of which
House Sparrows made 43.65%), whereas rodents made up
the remaining 15.5% of the diet remains. However, rodents
made up 26.3% of the total prey intake compared to birds
(73.7%). The remains of nocturnal rodents suggest that
hunting for food was mostly done during the night, while
birds were hunted at their roost sites within the trees and
bushes (Cramp and Simmons, 1985, Leader et al., 2010).

Contrary to several reports elsewhere -including the
Mediterranean region and the Levant- where small
mammals dominated the diet of the Long-eared Owl
(Yosef, 1997; Sec¢kin and Coskun, 2005, Seckin and
Coskun, 2006; Leader et al., 2008; Birrer, 2009), birds
were the most frequent prey item in this study. In other
parts in the Middle East, Field Voles (Microtus guentheri)
were the main prey item (Yosef, 1997; Charter et al.,

mammals followed by birds (Birrer, 2009). Rodents
accounted for the largest prey class among the biomass of
mammalian prey taken (Birrer, 2009). In the Negev
Desert, the diet of Long-eared Owl consisted mainly of
small mammals (71.3%) and birds (26.5%) birds, of which
migratory birds formed a significantly larger part of the
total birds consumed during migration than during the non-
migratory months (Leader et al., 2008). The diet of
wintering Long-eared Owls in Zabol, Iran, was
predominantly larger rodents (c. 150 g) including the
Indian Gerbil (Tatera indica), whereas birds made up
25.6% of prey items (Khaleghizadeh et al., 2009). In
Diyarbakir, Turkey, Long-eared Owl pellets were
composed mostly of Rodentia (95.48% of the identified
remains), with Field Voles (M. guentheri) representing
71.29% of the prey remains.

Our results are consistent with Obuch (2018), in which
the diet of A. otus consisted mainly of birds in urban areas
(78.3%). Obuch (2018) found that House Sparrow, P.
domesticus, was most common prey item reaching 40.1%.
Long-eared Owils in this study most probably consumed
more birds because of the abundance of passerines and the
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lack of small mammals. In a city park in Jerusalem, the
diet of the Long-eared Owl was composed of 13 species of
birds which accounted for the most common prey group
(91% by number) (Kiat et al., 2008). House Sparrows
(Passer domesticus) and Blackcaps (Sylvia atricapilla)
were the most frequent prey species (22% and 17% by
number). Gocer (2016) also found that all prey items from
an urban park were Passeriformes and consisted of two
species belonging to Passeridae and Hirundinidae. 78 of
the 86 prey items (90.7%) were House Sparrow (Passer
domesticus) and the other eight (9.3%) were House Martin
(Delichon urbicum).

The fact that the Long-eared Owl roosting in a pine
plantation in Jordan depends so heavily on House
Sparrows indicates the importance of forest fragments and
urban birds for the survival of this raptor at the
southernmost edge of its distribution range (Kiat et al.,
2008; Goger, 2016). Our results and those of others
strongly suggest that A. otus has opportunistic feeding
habits. While most energy-yielding prey were nocturnal
small mammals (e.g. M. tristrami), smaller to avian prey
(e.g. P. domesticus) were also hunted. Feeding and prey
selection by A. otus within the urban areas of Jordan is
likely influenced by the abundance and availability of prey
species (Village, 1981; Yosef, 1997; Pirovano et al.,
2000). The results suggest that owls in general are able to
adjust their diet to urban environments (see also Amr et al.
2016).
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Abstract

In this study, minor and neglected cultivars of Phoenix dactylifera L. previously not reported were discriminated by
molecular analysis using thirteen SSR markers in order to evaluate their genetic diversity and the relationships among them.
The used set of markers could distinguish all eighty genotypes analyzed here according to the uniqueness of genotypes, and
no similarity was found among the cultivars. A total of 101 polymorphic alleles were identified with an average of 7.77
alleles per locus, indicating the high level of polymorphism existing among the cultivars. The most informative loci was
mPdCIR085, with the highest number of effective alleles (Ne=5.88) and had the lowest probability of identical genotypes
(P1=0.052). The cumulative probability for genotype sharing among unrelated cultivars combining the 13 loci was 5.95*10
13 this value is low was enough to allow the check for synonymies in the samples. The study of genetic relationships among
cultivars from different areas in Biskra oases showed the existence of close relatedness within some groups of cultivars.
These facts suggest a common origin of them due to potential paternity relationships or easy exchange of plant materials by

virtue of neighbor lines and mutual social relations between farmers.
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1. Introduction

Date palm (Phoenix dactylifera L., 2n = 36) is a
dioecious perennial monocotyledon belonging to the
family Arecaceae or Palmaceae (Munier,1973). Palm trees
are the most visible and undisputed trees of the
populations in oases and arid regions; through germplasm
exchange, date palm agriculture has expanded to Australia,
Southern Africa, South America, Mexico and the United
States of America (Jain et al.,2011), and where considered
of great socio-economic importance in the Arabian region
(Khierallah et al.,2011). It has a halo of holiness for all
Muslims because it is mentioned in the Quran and Sunnah,
as dates constitute the favorite meal during Ramadan and
Muslims generally break their fast by eating them. Algeria
is characterized by a rich, complex and diversified date
palm heritage, for according to recent statistics in 2015.
Algerian date palm groves contained 18 million trees
occupying 169,380 ha (Al-Khayri et al.,2015; Moussouni
et al.,2017). Existing cultivars in all oases result from an
empirical selection carried out traditionally by the farmers
whereby the process of selection is done independently in
every oasis (Elhoumaizi et al.,2002). However, date palm
production has shifted from traditional cultivation in rich
and diverse agrosystems to intensive monocultures (Jain et
al.,2011). As a consequence, cultivars of minor economic
interest have been abandoned favouring international
varieties such as Deglet Nour, Ghers, Mech degla. The

identification of date palm cultivars has been traditionally
carried out by morphological markers, where the most
common characters used are the morphology of leaves,
spines and fruit characters, features which require a large
set of phenotypic data that are sensitive to environmental
factors and can be observed only in mature trees
(Nixon,1950; Sedra et al.,1998; Elshibli and Korpelainen,
2008) as well as the developmental stages of the plant
(Elhoumaizi et al.,2002).

Data based on molecular markers such as RFLPs,
RAPDs and ISSRs have been performed to characterize
date palm genotypes (Zehdi et al., 2004b) or other
molecular markers like AFLP (Cao and Chao, 2002; El-
Assar et al.,2005; Adawy et al., 2006).

During the last decades, microsatellite markers have
demonstrated to be a powerful tool for plant diversity
analysis due to their high level of polymorphism,
codominant behavior, relative abundance, Mendelian
inheritance, specific location and amenability to
automation, and high throughput genotyping (Kalia et
al.,2011). Therefore, data become easier to exchange
among laboratories (Udupa and Baum, 2001), which
allows direct comparison and use of common databases.
For date palms, Microsatellite markers were initially used
for the investigation of genetic diversity in date palm by
Billotte et al. (2004), and have thereafter been extensively
used for genotype and cultivar characterization in different
producing countries (Zehdi et al.,2004a,b ; Al-Ruqaishi et
al.,2008; Elshibli and Korpelainen,2008; Ahmed and Al-
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Qaradawi,2009; Johnson et al.,2009; Akkak et al.,2009;
Pintaud et al.,2010; Elmeer et al.,2011; Khierallah et
al.,2011; Zehdi et al.,2012; Zehdi et al.,2015; Guettouchi
et al.,2017; Huda et al.,2019). In this study, we focus on
cultivars which have been mostly neglected in research
and economic commercialization in spite of being
traditionally important until now and common for their
quality of sub-products. We report the first data on the
genetic diversity and putative genetic relationships among
80 Algerian date palm cultivars of Biskra oases, using 13
microsatellite markers.

© 2020 Jordan Journal of Biological Sciences. All rights reserved - Volume 13, Number 4

2. Materials and methods

2.1. Plant material

Plant material consisted of eighty samples, given in
Supplementary Table 1, collected from cultivars
traditionally cultivated in different locations in Biskra
(Tolga, Biskra center, Mchounech), some of which were
collected in border areas in the state (Oued Righ), and
several of which are believed to be endangered
autochthonous cultivars (Figure 1).Young leaves were
collected from mature, randomly sampled trees, dried in
silica gel and stored at room temperature until DNA
extraction.

Table 1. Alleles sizes (bp) and their frequencies (%) for the thirteen loci studied.

mPdCIR010 mPdCIR015 mPdCIR016 mPdCIR025 mPdCIR035 mPdCIR044 mPdCIR048
Allele Freq Allele Freq Allele Freq Allele Freq Allele Freq Allele Freq Allele Freq
121 4.80 122 217 128 40.91 200 13.89 162 0.63 299 64.38 158 20.67
123 13.70 124 51.45 130 53.90 213 31.94 164 1.27 301 26.71 159 0.67
126 1.37 126 10.15 132 0.65 215 3.47 165 8.23 307 1.37 175 12.67
127 2.06 130 1.45 137 4.55 217 1.39 170 1.27 317 7.53 193 27.33
132 343 131 0.73 219 0.69 172 6.33 195 38.67
133 13.70 136 7.25 227 22.92 175 32.28
135 52.74 138 23.19 231 25.69 177 10.76
138 343 157 3.62 182 1.90
159 0.69 188 6.96
163 411 189 26.58
193 1.90
198 0.63
199 0.63
206 0.63
cont. Table 1
mPdCIR057 mPdCIR063 mPdCIR070 mPdCIR078 mPdCIR085 mPdCIR090
Allele Freq Allele Freq Allele Freq Allele Freq Allele Freq Allele Freq
250 36.08 122 19.74 186 7.38 117 25.69 149 6.72 141 42.57
252 6.33 140 60.53 190 0.82 120 2.08 157 11.19 148 3.38
254 28.48 155 17.11 192 21.31 121 6.94 161 0.75 150 2.03
256 11.39 166 2.63 193 0.82 123 14.58 165 0.75 161 541
263 5.70 194 29.51 134 2.78 167 2.99 166 541
269 10.76 195 12.30 136 9.72 169 17.91 167 4.05
274 1.27 196 0.82 146 16.67 171 20.90 168 24.32
197 16.39 152 21.53 177 17.16 169 9.46
199 2.46 179 21.64 171 2.70
207 1.64 172 0.68
209 6.56

Biskra center Mchounech

Tolza

Oueid Righ

Figure 1. Map showing four Algerian oasis date palms referred in
the text.

2.2. DNA isolation and microsatellite analysis

DNA isolation and microsatellite analysis was carried
out according to procedure described by Saro et al. (2014).
Total genomic DNA was extracted from 1 g of silica-dried
leaf tissue from each sampled adult following Dellaporta et

al. (1983), after grinding plant material with a Mixer Mill
MM300 (RETSCH, Haan, Germany).

The obtained DNA solution was purified using
GenEluteTM PCR Clean-Up Kit (SIGMA-ALDRICH, St.
Louis, MO, USA).

The DNA concentration was checked on a
spectrophotometer “Eppendorf BioPhotometer® D30” to
confirm a minimum of 20 ng/uL. We amplified 13
dinucleotide (GA) microsatellite loci previously developed
for P. dactylifera (Billotte et al., 2004): mPdCIR010,
mPdCIR015, mPdCIR016, mPdCIR025, mPdCIR035,
mPdCIR044, mPdCIR048, mPdCIR057, mPdCIR063,
mPdCIR070, mPdCIR078, mPdCIR085 and mPdCIR090.
DNA fragments were amplified in two PCR multiplex
reactions with four loci each, using the Qiagen Multiplex
PCR kit (QIAGEN, Valencia, CA, USA) and following the
manufacturer's instructions, but accommodating reagent’s
proportions to a final volume of 15pL. Amplified PCR
products were run on an ABI3730 capillary sequencer
using an internal size standard (GS500 (-250) L1Z), and
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fragment  sizes were manually scored  using
GENEMAPPER software (Applied Biosystems, Foster
City, CA, USA).

2.3. Data analysis

We used « IDENTITY 1.0 » software (Wagner and
Sefc, 1999) to detect all possibilities of identical
genotypes, where genetic diversity was measured by
estimating the average number of alleles per locus (Na),
the average number of effective alleles (Ne) and the gene
diversity or expected heterozygosity (He), the average
probability of identity per locus (PI), the cumulative PI,
using GENALEX 6.41 (Peakall and Smouse, 2006).
Genetic distances between cultivars were calculated as the
allele sharing distance (DAS) (Jin and Chakraborty, 1994).
Phylogenetic tree based on the distance matrix was
constructed using the neighbour-joining method (Saitou
and Nei,1987) by  POPULATIONS  v.1.2.30
(http://bicinformatics.org, LANGELLA, unpubl.) while
MEGADS5.2 (Tamura et al.2011) was used to display it.

3. Results and discussion

3.1. Microsatellite analysis

The thirteen SSR markers were chosen for this study to
identify different genotypes in the eighty analyzed
samples (Supplementary Table 1). Allele sizes and
frequencies of the analyzed loci are shown in Table 1. The
distribution of allele frequencies for each locus allows
assessing the identification ability of the markers, being
more informative if this distribution is equitable (Sefc et
al.,1999; Santana et al.,2007). In this study, the most
frequent alleles were mPdCIR044-299,mPdCIR063-
140,mPdCIR016-130 and mPdCIR010-135 with high
percentage values of 64.38%, 60.53%, 53.90% and
52.74% respectively. The number of alleles per locus
(Table2) varied from 4 (mPdCIR016, mPdCIR044,
mPdCIR063) to 14 (mPdCIR035). A microsatellite
preferably should have at least 4 alleles to be useful for the
evaluation of genetic diversity as per the standard selection
of microsatellites loci (Barker,1994). Total of 101 alleles
were identified with an average of 7.77 alleles per locus,
which agrees with the results of previous works on 49
cultivars collected from three main oases in Tunisia (Zehdi
et al.,2004b), who detected 7.14 alleles per locus when
analyzing 46 Tunisian date palm accessions by using 14
microsatellite loci where Elshibli and Korpelainen (2008)
in Sudan identified a high number of alleles per locus (
21.4), which is more than the number of alleles per locus
detected in this study. Expected heterozygosity for each
locus ranged from 50.80% (mPdCIR044) to 82.33%
mPdCIR078 and 83% (mPdCIR085), with a mean of
70.71%, while observed heterozygosity varied between
23.30% (mPACIR044) and 86.11% (mPdCIR025), with a
mean of 67.40% in global Ho value is higher than
expected for 9 loci vs 4 loci. Thus the higher value of Ho
in the majority of loci observed in this study under Hardy-
Weinberg conditions suggests high genetic variability in
this population. Despite the four loci analyzed
(mPdCIR044, mPdCIR035, mPdCIR070 and mPdCIR090)
showed observed heterozygosity lower than Hardy-
Weinberg expectations, as in previous works especially for
last primers (Zehdi et al.,2004b ; Elshibli and Korpelainen,

2008). The most informative loci was mPdCIR085 with
nine alleles (Ne=5.88) and had the lowest probability of
identical genotypes (P1=0.052), followed by mPdCIR078
( Ne=5.65; PI = 0.055) and mPdCIR070 ( Ne=5.40; Pl =
0.058), while the opposite was the case for
mPdCIR016(Ne = 2.17) and mPdCIR044(Ne = 2.03),
both of which with four alleles and had the highest
probability of identity (P1=0.31), for the mPdCIR044 was
found to be the least informative locus. Originally, Billotte
et al. (2004) have signalled this case as locus which
produced erratic amplification and possibly referred to a
mutational polymorphism at an annealing site. The
probability for genotype sharing among unrelated cultivars
combining the 13 loci was 5.95*10™", lower enough to
allow the check for synonymies in the sample.

Table 2.Genetic parameters obtained with thirteen SSR markers
for eighty distinct cultivars.

N Na Ne | Ho He F PI
mPdCIR010 73 10 3.099 1.563 0.795 0.677 -0.173 0.130
mPdCIR015 69 8 2.976 1.404 0.710 0.664 -0.070 0.153
mPdCIR016 77 4 2.174 0.872 0.558 0.540 -0.034 0.311
mPdCIR035 79 14 4.920 1.912 0.633 0.797 0.206 0.067
mPdCIR025 72 7 4.144 1536 0.861 0.759 -0.135 0.099
mPdCIR044 73 4 2.034 0.890 0.233 0.508 0.542 0.307
mPdCIR048 75 5 3.533 1.343 0.720 0.717 -0.004 0.130
mPdCIR057 79 7 4.111 1.606 0.772 0.757 -0.020 0.094
mPdCIR063 76 4 2.298 1.022 0.579 0.565 -0.025 0.242
mPdCIR070 61 11 5.397 1.891 0.590 0.815 0.276 0.058
mPdCIR078 72 8 5.653 1.851 0.847 0.823 -0.029 0.055
mPdCIR085 67 9 5.880 1.873 0.836 0.830 -0.007 0.052
mPdCIR090 74 10 3.859 1.701 0.622 0.741 0.161 0.098
mean 72.846 7.769 3.852 1.497 0.674 0.707 0.053 0.138
Cumulative 5.95%10"3

Statistical results for 13 microsatellite markers used in the present
study, namely: sample size N, observed number of alleles (Na),
effective number of alleles (Ne), Shannon's Information index (1),
observed heterozygosity (Ho), expected heterozygosity (He) and
Probability of identity.

3.2. Cluster analysis

The dendrogram based on genetic distance measure
(Figure2) was constructed using the weighted neighbour-
Joining method for the evaluation of genetic diversity and
relatedness between the investigated cultivars. The
dendrogram clustered the eighty cultivars into three major
groups (I, 11 and 111).

The first minor cluster grouped ten genotypes. A first
subdivision contained the well-known cultivars in
Mchounech called “Thsrithe’ closely linked to ‘Lamari’and
‘Abdelazaz’, and were cultivated near to Biskra center.
The three cultivars showed common morphological
features like the color of fruit and their softness, but these
two cultivars were closely linked in the color of the fruit
‘brown to black’, although distinct in the appearance of
outer skin, smooth for the first and wrinkled skin for the
second. The remaining cultivars in this group were very
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interesting as five cultivars shared a significant number of
alleles, and they all appeared in a homogeneous color and
fruit softness: ‘Bajamil’, ‘Arelou Oued Souf’, ‘Melk
Lahcen’,“Loulou’ and ’Charka’cultivated in the same area
in south of the region called “Still” or “Oued Rhig” which
in the border of the state (Figure 1), are very close with
two other cultivars ‘DGuel Litima’ and ‘Jaouzia’, in brown
color and half softness fruits. Traditionally cultivated in
central areas of the region, this fact suggests that central
area is a common origin of them. The second cluster
contained 23 accessions representing three sub-clusters.
This cluster grouped the majority of cultivars belonging to
‘Mchounech’area, and the closest relationships were
detected between the following pairs of genotypes:
“Hathourite, Tamazoute”, “Takarboucht, Taourekht” and
“Noyet Arechti, Takerbrateth”. It should also be noted that
most of them were named by using terms to refer to the
color of fruit locally in  chaoui dialects as one
characteristic of the region. On the other hand, one sub-
cluster includes “Mech degla” famous cultivar with dry
fruits characterized by their resistance and low cost in
terms of cultural practice, conservation and marketing of
their dates which has high nutritional value; unfortunately,
they are considered as secondary quality date varieties
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which run the risk to disappear in favor of Deglet-Nour
soft variety (Amellal and Benamara, 2008). “Mech
degla” shared a significant alleles with two cultivars which
are closely related to each other ‘Arelou Biskra’ in Oued
Righ and ‘Saout Bghal’ from Mechnouch.These last
cultivars  (Simozrag et al.,2016) showed common
morphological features as the fruit color, and their leaves
with Mech degla and Hamrayet hamlaoui in the same sub-
cluster. The third cluster showed signs of likely genetic
relationships among the largest gatherings of cultivars,
including 47 cultivars which spread over three areas of
oases: East (Mechounech), west (Tolga) and south of
Biskra (OuedRigh). As in all date-growing areas of Sudan
as reported by Elshibli and Korpelainen (2008), the
farmers are using a few selected males for the pollination
of female trees. In addition, they sometimes mixed the
pollen grains of more than one male for pollination and
finally new cultivars are a result of a continuous selection
process carried out by farmers in their fields following
sexual reproduction.

Altogether, these facts suggest a common origin of
cultivars due to potential paternal relationships or easy
exchange of plant materials among farmers by virtue of
geographical zones and social well-being.
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Figure 2.Neighbor-joining tree of individual genotypes based on 13 microsatellites loci. (Dendrogram generated with Populations software

using shared allele distance).

4. Conclusion

Genetic relationships among cultivars from different
areas in Biskra oases showed the existence of close
relatedness within some groups of cultivars.

Results of the present work constitute the first study of
minor varieties which are characterized by a low trade
value but are still traditionally important and common for

their quality of sub-products; they showed here a high
genetic diversity across their traditional cultivation area.

These informations make it necessary to develop
breeding strategies for economically and agronomically
interesting cultivars with important traits such as fruit
quality; furthermore, it is recommended to select tolerant
varieties against biotic and abiotic stresses and to enrich
the germplasm collections.
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Supplementary Table 1. some morphological characters and genetic profiles of eighty Algerian date palm (Phoenix dactylifera L.)
cultivars analyzed at 13 microsatellite loci

N°| culivar | origine | Ut | Fruit Fruit  |mPACIRO[mPACIRO[mPACIRO|mPdCIRO|mPdCIRO|mPACIRO| mPdCIR
color shape | consistency 10 15 16 35 25 44 048
1 | Abdelazaz E’e'f]':gf black | straight soft  |133|135|122|126{130|130|175| 175|227 | 231 | 299 | 299 | 158 | 195
2 AFdig?gm glijger? brown | oval soft 133|135 | 124 [ 124|128 | 130 | 164 | 175|227 | 231 | 299 | 299 | 158 | 193
3 | Aghmou gllj;g brown oval semi-dry |[135|135|124|138|128|128|175|188| / / 1299299158 |193
Ali Oued triangul .
4| ourached | Rign | Prown |1 semi-dry [127| / | / | / |128|137|175|175| 227|227 |317|317 | 193|195
5|  Alg g‘l‘gﬁ yellow | oval | semi-dry |135[163| / | / |128|130|172|175|231|231|299 301|158 |175
g | Arelou | Oued | .o | oval soft I | 1 |124|138|128|130| 175|177 | 200|213 | 299 | 299 | 195 | 195
Oued Righ Righ
7| Avelou Oued | ber | oval soft 126|135 | 124 {130 | 130 | 130 | 189 | 189 | 213|231 | 301 | 301 | 193 | 195
Oued souf Righ
Arelou Biskra
8| Bk | cone | brown | oval soft /| 1| 1| 1 |130]130|172|188| 213|227 |301|301 | 158|175
Ba Oued triangul .
9 | makhlout | Righ red o semi-dry | 123 (135|124 | 157|128 [130|175 | 188|227 | 231 | 299 | 299 | 158 | 193
10| Bajamil %‘geg amber | oval soft  |121|135|124 |126(130|130|189 | 189|213 231|301 |301 | 193|195
11 | Ben Ftimi g‘:geg brown | oval soft  |133|135|124|126(130|130|172|177| 215|227 | 299 | 299 | 158 | 195
12 | Bousstite gfgﬁ brown |straight | semi-dry |135 135|126 |138|128|130|189|189|200|217|301|301 175|175
13 | Caoucaou Ee'f]':éf brown | oval | semi-dry | / |135| / | / |130|130|175|182|213|213|299(301| / | /
14| Charka %‘geg amber |straight | semi-dry |135 135|136 |138|128|130|189|189 | 213|231 |301|301 | 195|195
15 D(‘;zrtf' g‘:geg vellow | oval | semi-dry | / [135] / | / |130|130|175|175 | 213|215 | 299 | 209 | 193|195
16 Dg;rtZE' gfgﬁ black | straight| semi-dry |123|135|131|138|128 (128|172 |175|213|227|299|317 |158|195
DGuel Oued
17| oot Righ // // // 133[135| / | / |130|130|175|175|213|227 | 299 301|193 | 195
DGuel Oued
18| o Righ // // // 121 (135|124 | 124130130 | 175 | 177 | 213|213 | 299 | 299 | 175 | 195
19| DOUel | Oued | o |straight|  soft  |133|135|124|138|128 | 130|175 |175| / | / |299|301| / | /
Asfar Righ
DGuel Biskra . .
20| Do | Cate | amber [straight | semi-dry [163|135 136|138 130|130 | 165|172 | 215| 231 [ 301| 301 | 195 195
DGuel Oued
21 |Moussafirin| et | brown | oval | semi-dry |133|135| 124|157 128|130 162 | 175| 200  213| 299 | 209 | 158 193
e
2| Douel Oued | own |straight | semi-dry |133|135|124|124| 128|130 | 175 | 188 | 200 | 231 | 299 | 299 | 158 | 193
Sebkha | Righ 9 y
o3| DGuel | Oued |\, (tiangull oo gy |135(135| / | / |130|137|188]188| / | / |299|301|193|195
Talmin Righ ar
24| DOuel | Oued | o0, (tiangull gl ia5 1135 104|138 | 128|130 | 172|175 | 213 | 231 | 209 | 209 | 158 | 175
Yabesl Righ ar
DGuel Oued triangul
25| e | Righ | YW |y dry 123 (135|124 | 124 128|137 | 165 | 175 | 227|231 | 209 | 317 | 193 | 195
26 ChEOTJgib Tolga yellow | straight | semi-dry |[123|135(124|138(130|137| / / / / 1299(317|175|193
27|  Fakht %‘geg brown | straight dry 123 (135|124 | 126 | 128|137 | 175 | 177 | 213|231 | 209 | 299 | 193 | 195
28| Figi Ali g‘:geg brown |straight|  soft  |123|135|124|138|128|137|175|188 | 200|227 |301|301 | 195|195
29| Ghars Ee'f]‘gf brown "'a:rgu' soft  |132|135|124 | 126|128 | 130|189 | 189|200 | 231 | 299 | 301 | 195 | 195
30| Gousbi g‘l‘gﬁ yellow |straight | semi-dry |123|135 124|138 128|128 | 165|175 | 200|227 | 299 | 299 | 195 | 195
31| Haloua Tolga yellow oval semi-dry | 135|135|124 138|128 (130|189 (189|213 (213|299 299|195 |195
32 Hsa;g;’:t Tolga | amber | oval | semi-dry |132|135|124|138|128|130|189(189 (213|227 |299|299 | 159|193
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33| Hamrayet | Oued | oo | oo soft 135 (135|136 | 138|128 | 128 | 175 | 177 | 213|227 | 301 | 301 | 158 | 195
Ben Ghossa| Righ
34 | Hamrayet | Oued | . (tiangull oo a1 135|135 (124 [124| /| 1 |175|177| 213|227 | 299 | 301 | 158 | 195
El Gaid Righ ar
35| Hamrayet | Oued | . | triangul soft 121|135 |124|138| / | / |165|177|213|231|299|299 | 195|195
El Ghareb Righ ar
Hamrayet Oued . .
36| pamlaoui | Righ | Dlack |straight| semi-dry |1211135| 1241241128130 172 | 175| 200 231|307 | 307 | 175 193
37| Hamri | Tolga | black | oval dry 123 (135|124 | 138 128|130 | 175 | 177 | 213|231 | 299 | 299 | 158 | 193
38| Harchaya Ee'f]g‘? brown | straight dry 132 (135|124 | 124 128|128 | 189 | 189 | 213|213 | 299 | 301 | 193 | 195
39| Hartan g‘:geg brown | oval | semi-dry |135|135|124|138|128|128|189|189|213|231 299|299 |158 |193
40 | Hathourite M'Cc';]‘;””e brown "'a;rg“' soft  |123|135|124|126(130|130|170|175|213|231| / | / |195|195
41| Hmira Ee'f]':éf amber | straight soft 123|135 | 124 | 136 | 128|130 189 | 193 | 231 | 231|299 | 301 | 175 | 193
42 | Houbless g‘:geg brown | oval | semi-dry |133|135|124|124|128|130|175|177|227|227|299|299 | 195|195
43 | Ifkhfakhne Mcci‘;“”e brown | oval | semi-dry |135|135|122|138|128|130|165|172|213|217|301|317|158|175
44| Jaouzia E’e'f]':gf brown | oval | semi-dry |123[135|124|124|128|130|165|175|227|231|301|301 158|195
45| Khamara g:‘gﬁ black | oval soft  |133|135|124|138|128|130|172|177| / | / |299|299|158]195
ap| Ksebet | Oued 1 or | oval | semi-dry |133[135| / | / |128|130|189|189| 227 | 231|299 | 299 | 158|175
ORigh Righ
47| Lamari Mcci‘;“”e brown | oval | semi-dry |135| / |122]126|130|130|189|189|227|231 299|299 | 158|195
Laoun El Biskra .
48| "ot | anter | brown | straight soft  |133|135| / | / |128]130|165 175|200 231|299 |299 | 195|195
49| Loulou %‘geg black | oval soft  |132|135|124 | 136|130 | 130|189 | 189 | 213|231 |301 | 301 | 158|193
50| Mahdia g‘:geg yellow | oval dry 135 (138|124 | 136 130 | 130 | 189 | 189 | 200 | 227 | 299 | 299 | 158 | 193
51| Massohi gfgﬁ red oval dry 123 (123|124 | 126130 | 130 | 189 | 206 | 227 | 231 | 209 | 317 | 175 | 193
52 |Mech Degla E’e'f]':gf yellow | straight dry /| 1 |124| 1 |130|130|170|182|213|231| / | 1 |175|175
53| Melk Oued 1 pown |ManQUll - ooridry | 123] 126|124 124( 130 | 130 | 189 | 189 | 215 | 231 | 301 | 301 | 193 | 195
Lahcen Righ aire
gq| Noyet | Biskia |0l oval | semi-dry |133]138[124|124|128|128|175|175| 200|231 | / | / |193]193
Arechti center
55| Ourije gfgﬁ brown |straight | semi-dry |133[135|138|138|128|130|175|177|200|227 299|301| / | /
Regueb Oued .
56 | | mhatel | Righ | mber | streignt dry 123 (135|138 | 138|128 | 128 | 177|182 | 213|227 | 209 | 299 | 175 | 195
g7| Rotet | Biskia | ool oval | semicdry | 123] 127|124 | 126 | 128 | 137 | 165 | 175|213 | 231 | 317 | 317 | 175 | 193
ABenHadj | center
gg | Rotoet | Biskia | o0l oval | semi-dry | 135|135 [124 | 138130 130|175 | 175 | 200 | 213 | 299 | 299 | 195 | 195
Bakhlili center
Rotbet Biskra .
59| Creikh | oonter | amber | straight soft  |133|135|124 | 124|128 130|175 |177| 200|213 | 299 | 299 | 158 | 193
60 |Saout Bghal MCC';]Z””e black | straight| semi-dry |123|163|126|138|128 (130|189 |199|213 227|301 301 |158|175
g1 | Tansslite | Oued | | straight soft  |121|123|124|157 (128|130 |175 | 175|213 | 227|299 (299 | 158 | 193
Osouf Righ
62 | Tabasrith |M Ccm(;””e brown | straight soft  |135|163|124 | 126|128 | 128|189 | 103|227 | 231 | 299 | 301 | 195 | 195
63 | Tadmama gfgﬁ red oval soft  |133|135|124 | 157|128 130|175 | 188|200 | 213 | 299 | 299 | 193 | 195
64 | Taferzait g:‘gﬁ brown | oval | semi-dry |135|163|124|138|128|130 189|193 215|227 |301|301 193|193
65| Tagnia M'Ccm‘;””e brown | oval | semi-dry |123|135|138|138|130|130|189|189|200213 299|299 |158 |193
66 Takartbo”“h E;‘:;f black | round | semi-dry |133|135|124|136|128(130|165[175| / | / | / | / |193|193
67 | Takarmoust Ee'zg‘? black | round soft  |132|135|124 | 138|128 | 130|189 | 189 | 213|231 | 299 | 299 | 158 | 195
68 | Takarmoust| Oued black round soft 127|127 (124136 / [ [175(188| / / [299(301|175|195
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Osouf Righ
69 Takerhbratet M'CCT]Z””S black | round | semi-dry |138|159|124|124(128|128|175|177|200|231|299|299| / | /
M’choune
70 | Tamazoute che amber oval dry 123 (135|124 {124 130|130 |165|165|200 (213|299 (299| / /
71| Tansslite g‘:geg black | straight soft  |121|135|124 (136|130 130|189 | 189 | 213 | 213|299 {299 | 193 | 195
72 |Tanteboucht M'Cc';]‘;“”e black | round soft  |135|163|124|130{130 | 130|189 | 189 | 213|227 | 299 | 299 | 158 | 195
73 | Taourekht M'CCT]Z””S brown | oval soft 133|135 | 124 | 124 | 128|130 175 | 188|200 | 213| / | / |193|193
74| Thsrithe Mccm‘;””e brown |straight | semi-dry |135|138|126|138|128|130 165|165 |227|231|317|317| 158|195
. M’choune
75| Tinaser o amber | oval soft  |121135| / | / |128]130|172|175|213|231|299|299 (193|195
76 | Tindokane g‘l’geﬁ black | round soft  |135|135|136 (138|128 (130|175 |177 | 219 | 227|299 {299 | 195 | 195
77| Tinhoud g:‘;ﬁ vellow | oval | semi-dry |133|135|126|138|128|130|175|177|227 (231|299 |299 |158 |175
78 | Tinouajdel oRlIJ;g brown | straight | semi-dry |135|135|124|157|130{130|175(189| / / / / 193|195
79| Toumlih g‘:geg brown | oval soft  |133|135|124|124 (128|128 | 164 | 177|213 | 213|299 (299 | 158 | 193
80 | Tzoudaght MCC';]Z“”e black | straight soft  |133|138|124|124|128|132|188|198|200|227| / | / |195|195

Supplementary Table 1. some morphological characters and genetic profiles of eighty Algerian date palm (Phoenix dactylifera L.)
cultivars analyzed at 13 microsatellite loci

| cuttiver | oriaine | eruit color] FUI Fruit  |mPdCIR05] mPACIRO | mPACIRO | mPACIRO | mPdCIRO | mPdCIR
g shape consistency 7 63 70 78 85 090
1 | Abdelazaz Ee'f]':gf black | straight soft 254 | 254 | 140 | 140 | 194 | 199 157 | 169 | 141 | 166
2 |Adham Figig| Oued Righ| brown | oval soft 250 | 254 | 122 | 140 | 192 | 194 | 117 |123| / | / | 168|168
3 | Aghmou |Oued Righ| brown oval semi-dry 250 | 252 | 140 | 155 | 194 | 195 | 120 | 152 | 157 | 171 | 161 | 168
4 Al oued Righ|  brown  |T18"9UIR1 i dry | 250 | 256 | 140 [ 140 | /| 7 | 121|123 179 | 179 | 141 | 168
Ourached r
5 Alig Oued Righ| yellow oval semi-dry 252 | 254 | 155 [ 155 | / / | 134|146 | 167 | 179 | 141 | 169
6 Are'g‘i*gﬁ”e“ Oued Righ| amber | oval soft 250 | 250 | 122 | 140 | 194 | / | 152|152 | 157 | 179 | 168 | 168
7 Are';’é‘u?“ed Oued Righ| amber | oval soft 254 | 269 | 140 | 140 | 192 | 192 | 117 | 136 | 169 | 177 | 141 | 171
g | Arelou Biskra | pown | oval soft 250 | 252 | 122 | 140 | 209 | 209 | 117 | 146 | 167 | 169 | 148 | 166
Biskra center
9 |Ba Makhlouf|{ Oued Righ|  red "'a”rQU'a semi-dry | 250 | 254 | 140 | 155 | 193 | 195 | 152 | 152 | 171 | 177 | 141 | 168
10| Bajamil |OuedRigh| amber | oval soft 254 | 256 | 140 | 140 | 186 | 197 | 136 | 146 | 169 | 177 | 141 | 141
11| BenFtimi |Oued Righ| brown | oval soft 250|250 | 155|155 | / | / |117|123|171|179 | 148 | 168
12 | Bousstite |[Oued Righ| brown | straight semi-dry 250 | 254 | 122 | 122 {192 | 192 | 134 | 146 | 149 | 165 | / /
13| Caoucaou Ee'f:;f brown | oval semi-dry | 254|269 | 140|140 | / | / |146 146|177 | 179 | 150 | 167
14 Charka |Oued Righ| amber | straight semi-dry 250 | 263 | 122 | 140 | 192 | 192 | 117 | 152 | 177 | 179 | 141 | 141
15 |Dfor El Gatl|Oued Righ| yellow | oval | semi-dry |254|263|140|140| / | / |136] 146|169 |179 | 141|141
16 |Dfor El Gat2|Oued Righ| black | straight | semi-dry | 250 | 254 | 140 | 155 | / | / |117|123|149 | 161|168 | 168
17 Eﬁgﬁ: Oued Righ|  // /] // 250|254 | 140 | 155 | / | / |134|152| 171|177 | 141150
18 | DGuel Sahra|Oued Righ|  // /] // 252 | 256 | 122 | 140 | 192 | 197 | 117 | 136 | 169 | 171 | 141 | 148
19 Bng' Oued Righ| amber | straight soft 250 | 274 | 122 | 140 | 195 | 209 | 117 | 146 | 171 | 177 | 141 | 166
20 E.G.”e' Biskia | mber | straight | semi-dry | 250 | 269 | 140 | 140 | 197 | 197 | 136 | 152 | 177 | 179 | 141 | 141
itima center
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21 DGue_I_ Oued Righ| brown oval semi-dry 250 | 254 | 155 | 155 (194 (194 | / / / / | 141|161
Moussafirine

22 geﬁtﬁ; Oued Righ| brown | straight semi-dry 269 | 269 | 122 [ 140 | / [ | 117 {117 | / | | 141 166
23 ?a?;fr'] Oued Righ| brown "ia”rg“'a semi-dry | 250 | 254 | 140 | 140 | 194 | 195 | 117 | 152 | 177 [ 179 | 1 | ¥
24 5;;‘;2'1 Oued Righ| yellow "ia”rg“'a dry 250|250 | 122|140 | / | / |152|152| 171|177 | 141|168
25 3;)‘;5'2 Oued Righ| yellow "ia”rQU'a dry 250 | 256 | 140 | 166 | 186 | 194 | 123 | 152 | 179 | 179 | 168 | 168
26 |Ech Chouaib| Tolga yellow | straight semi-dry | 250 | 254 (140 | 155 | / / / / / / / /
27| Fakht |Oued Righ| brown | straight dry 250 | 254 | 140 | 140 | 192 | 192 | 117 | 152 | 177 | 179 | 141 | 172
28 | Fiqgi Ali |Oued Righ| brown | straight soft 256 | 269 | / [ 1192 / | 117|117 (149|171 | / /
29|  Ghars Ee'f:gf brown "ia”rg“'a soft 263 | 269 | 122 | 140 | 194 | 194 | 121 | 123 | 157 | 179 | 141 | 167
30 Goushi | Oued Righ| vyellow | straight semi-dry 256 | 269 | 140 | 140 | 192 | 195 | 120 | 152 | 157 | 179 | 161 | 168
31 Haloua Tolga yellow oval semi-dry 250 | 250 | 122 [ 140 | / / | 117 | 152 | 157 | 171 | 161 | 169
32 Hsﬂ;’é*:t Tolga | amber | oval | semi-dry |250|274 (140|140 | 195|209 |117 | 146 | 171|177 | 141|171
33 B':ﬁ'gﬁg:;a Oued Righ| black | ovoid soft 250 | 269 | 140 | 155 | 197 | 197 | 123|136 | / | / |141]168
34 HamGrZijetE' Oued Righ|  black "ia”rgu'a semi-dry | 250 | 254 | 140 | 155 | 194 | 197 | 152 | 152 | 169 | 179 | 141 | 168
35 Haé“g:?’:;a Oued Righ| black "ia”rg“'a soft 254|256 | 140 | 140 | / | / |123|152| / | /1 |168]168
36 EZQ{:XS} Oued Righ| black | straight | semi-dry | 263|263 |140 | 140 | 186 | 192 | 146 | 152 | 169 | 169 | 141 | 171
37| Hamri Tolga black | oval dry 254 | 256 | 140 | 155 | 194 | 194 | 117 | 123 | 171 | 177 | 141 | 166
38 | Harchaya E;'g‘;‘ brown | straight dry 256 | 260 | 122 | 140 | 194 | 105 | 117 | 123 | 177 | 179 | 141 | 167
39| Hartan |OuedRigh| brown | oval | semi-dry |250 254 140|155 186|194 |123 | 146 | 171|177 | 141 167
40 | Hathourite M’CT]Z””GC brown "ia”rgu'a soft 254 | 254 | 122 | 140 | 190 | 195 | 146 | 152 | 169 | 179 | 141 | 166
41| Hmira E’;':;f amber | straight soft 250 | 263 | 140 | 140 | 192 | 102 | 117 | 146 | 160 | 177 | 141 | 141
42| Houbless |Oued Righ| brown oval semi-dry 250 | 250 | 140 | 140 [ 194 | 194 | / / / / | 168 | 168
43| Ifkhfakhne M’Cr:;””ec brown | oval | semi-dry |254|254|122|140|192 (192|117 |146| / | / |141]141
44| Jaouzia Ee'f]'g‘;‘ brown | oval semi-dry | 250|269 |122|140| / | / |117|152| / | / |141|168
45| Khamara |Oued Righ| black oval soft 250 [ 252 | / /[ |1192(194 | / [ | 171]179 | 141|141
46 lésrsgﬁ Oued Righ| amber oval semi-dry 250 | 252 | 155 [ 155 | / / | 123136 (171|171 | 169 | 169
47|  Lamari M’Cr:;””ec brown | oval | semi-dry | 254|254 |122 140|194 |199 (117|152 |157 | 169 | 141 | 167
48 Lg’#;rsE' Ee'f]'g‘;‘ brown | straight soft | 263|269 | 140|140 | / | s |121|123|157 179 1 | 4
49| Loulou |OuedRigh| black | oval soft 250 | 256 | 140 | 140 | 197 | 197 | 136 | 152 | 160 | 171 | 141 | 141
50| Mahdia |OuedRigh| yellow | oval dry 250 | 254 | 140 | 155 | 192 | 102 | 117 | 152 | 171 | 177 | 169 | 169
51| Massohi |OuedRigh| red oval dry 256 | 263 | 166 | 166 | 194 | 207 | 117 | 146 | 171 | 179 | 141 | 171
52 | Mech Degla E;'g‘;‘ yellow | straight dry 250 | 252 | 122 | 140 | 192 | 209 | 146 | 146 | 169 | 171 | 168 | 168
53 |Melk Lahcen|Oued Righ| brown "iair;g”'a semi-dry | 254 | 256 | 122 | 140 | 197 | 197 | 117 | 136 | 157 | 169 | 141 | 169
54 A’:‘fgé’ﬁ; fe'f]':;‘ brown | oval semi-dry | 250 | 269 | 122 | 140 | 194 | 195 | 121 | 146 | 157 | 177 | 141 | 166
55 Ourije Oued Righ| brown | straight semi-dry 250 | 250 | 140 | 155 | 194 | 194 | 123 | 123 | 171 | 179 | 141 | 168
56| REGUED | i Righ| amber | straight dry 250 | 269 | 140 | 140 | 197 | 197 | 121|152 | / | / |141]168

Lmkahel
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57 Ag:;?f;dj fe'f]':;‘ yellow | oval | semi-dry |250|254|140|140| / | / |117|146]| 171|177 | 141|161
58 ;‘fﬁﬁ}i E::;? brown | oval semi-dry | 250|269 |140 | 140 | / | / |121|136| / | / |141|168
59 gﬁéﬁfﬁ Ee'f]'gf amber | straight soft 250 | 269 | 140 | 155 | 194 | 194 | 117 | 123 | 149 | 149 | 141 | 168
60 | Saout Bghal M’CT]Z“”GC black | straight | semi-dry | 250 | 252|122 | 122 | 209 | 209 | 117 | 146 | 167 | 167 | 150 | 167
61 Tg]:osl:i]fe Oued Righ| black | straight soft 250|254 | 1 | 1 196|297 / | 1 |169|171 141|168
62| Tabasrith M'C';Z””ec brown | straight soft 250 | 254 | 122 | 140 | 194 | 194 | 121 | 123 | 169 | 179 | 169 | 169
63 | Tadmama |Oued Righ red oval soft 250 | 254 | 140 | 140 [ 192 | 194 | / / | 177 | 179 | 168 | 168
64| Taferzait |OuedRigh| brown | oval | semi-dry | 256|256 |140 | 166|186 |194 | 123|152 | 171|179 | 141 | 169
65| Tagnia M’CT]Z“”GC brown | oval semi-dry | 250 | 254 | 140 | 155 | 194 | 195 | 121 | 152 | 157 | 171 | 161 | 169
66 | Takarboucht E’;l:;? black round semi-dry 254 | 256 | 140 | 140 | 186 | 195 | 117 | 146 | 157 | 177 | 141 | 161
67 | Takarmoust Ee'f:;f black | round soft 250 | 252 | 140 | 155 | 192 | 195 | 123 | 152 | 171 | 179 | 141 | 141
68 Ta'g‘;’)‘:f;““ Oued Righ| black | round soft 256 | 256 | 122 | 122 | 197 | 197 | 120 | 136 | 157 | 169 | 148 | 148
69 | Takerbrateth M’CT]Z“”“ black | round | semi-dry |250| / | / | 7 |195|195|117|117| / | / |168]168
70 | Tamazoute M'C';]Z””ec amber | oval dry 254 | 256 | 122 | 140 | 186 | 192 | 117 | 146 | 169 | 179 | 141 | 168
71| Tansslite |Oued Righ| black | straight soft 254 | 263 | 140 | 140 | 197 | 209 | 136 | 146 | 169 | 179 | 141 | 141
72 | Tanteboucht M’CQZ“”GC black | round soft 250 | 250 | 140 | 155 | 197 | 197 | 152 | 152 | 169 | 179 | 141 | 169
73 | Taourekht M’CT]Z“”GC brown | oval soft 254 | 254 | 140 | 140 | 186|195 | / | / |177|177 | 141|166
74| Tbsrithe M'C';]Z””ec brown |straight | semi-dry | 254|254 | 122 | 140 | 194 | 207 | 117 | 134 | 169 | 169 | 169 | 169
75| Tinaser M'C';Z””ec amber | oval soft 250 | 269 | 122 | 140 | 194 | 194 | 117 | 121 | 149 | 149 | 141 | 141
76 | Tindokane |Oued Righ| black | round soft 250 | 254 | 122 | 140 | 192 | 194 | 123 | 136 | 149 | 149 | 141 | 141
77| Tinhoud |Oued Righ| yellow | oval | semi-dry |250|252|140 (155194 |199 |123|136 |171|171 | 168|168
78 | Tinouajdel |Oued Righ| brown | straight semi-dry 254 | 254 | 140 | 155 | 186 | 197 | 117 | 146 | / [ | 141141
79| Toumlih |Oued Righ| brown | oval soft 250 | 254 | 122 | 140 | 192 | 194 | 117 | 152 | 157 [171 | / | /
80 | Tzoudaght |M CMOUNEC|  pack | straight soft 250 | 254 | 140 | 155 | 192 | 194 | 117 | 121 | 157 | 169 | 161 | 168

he







Volume 13, Number 4, December 2020
ISSN 1995-6673
Pages 453 — 461

JJIBS

Jordan Journal of Biological Sciences

Selenium-Supplemented Diet Influences Histological Features of
Liver and Kidney in Tilapia (Oreochromis niloticus)

Sonia Igbal *, Usman Atique ** ™", Muhammad Sharif Mughal 3, Muhammad Younus
4 Muhammad Kamran Rafique 4, Muhammad Sultan Haider °, Hafiza Sundas Igbal®,
Shahid Sherzada® and Tanveer Ali Khan’

"Department of Fisheries and Aquaculture, University of Veterinary and Animal Sciences, Lahore, Pakistan; 2Department of Bioscience and
Biotechnology, Chungnam National University, South Korea;* Department of Zoology, Government College University (GCU), Lahore,
Pakistan; “College of Veterinary and Animal Sciences, Jhang, University of Veterinary and Animal Sciences, Lahore, Pakistan;

Department of Zoology, University of Lahore,Pakistan; ® Department of Zoology, Lahore College for Women University, Lahore,
Pakistan; "Department of Zoology, University of Punjab, Lahore, Pakistan

Received: October 21, 2019; Revised: November 15, 2019; Accepted: December 15, 2019

t Indicates equal author contributions.

Abstract

Selenium is considered as an eco-toxicological paradox owing to its antioxidant and toxic properties. This study aimed at
exploring the potential impacts of selenium supplemented in feed on the histology of vital organs of tilapia (Oreochromis
niloticus). During this study, neither behavioural abnormalities nor any fish mortalities recorded in fish subjected to different
selenium levels during this trial. The results revealed significant histological changes in liver and kidney tissues, mainly
linked in a dose-dependent manner. The resultant histological changes exhibited mild or no alterations in fish that consumed
the diet having 2 mg Se/kg. However, the intensity of histopathological alterations manifested more in the liver and kidney
tissues of fish, having fed on a higher dose of selenium (8 mg Se/kg) as compared to control, 2, and 4 mg Se/kg in the feed.
In the case of the liver, there were severe cytoplasmic vacuolations of hepatocytes and central vein dilation, erythrocytes
haemolyzed, prominent vascular hypertrophy, and fibrosis of perivascular parts conspicuously noticeable leading to loss of
characteristic architecture of hepatic tissues. However, in kidney tissues, renal tubules were seen atrophied and degenerative
vacuolar changes in the renal tubular epithelial cells, pyknotic nuclei, as well as a thin layer of fibrous connective tissue
(FCT), observed which were swiftly proliferating in peritubular parts of the medulla. In conclusion, selenium incorporated in
higher concentrations damaged the vital organs in a dose-dependent manner resulting in histological alterations and proved
to be harmful to the fish. However, lower level (2 mg/kg) did not influence or have the least affected histological changes in
vital organs.

Keywords: Selenium; Liver; Kidney; Histological changes; Tilapia; Hepatocytes

Selenium (Se) is a non-metallic element and occurs in

1. Introduction

Tilapia (Oreochromis niloticus) has emerged as a
model organism gaining attention from researchers for a
variety of biological investigations such as immunology,
growth, and histological inferences, i.e. the microscopic
examination of different vital organs/tissue (Galman and
Awvtalion, 1989; Coward and Bromage, 1998; Benli and
Ozkul, 2010; Igbal et al., 2017; Guerreiro et al., 2018).
Exploring the chronic and acute toxic effects of varying
selenium levels in the aquatic ecosystem and organisms
has recently gained more attention (Lemly, 2004; Han et
al., 2011). Histological studies of kidney, liver, and
muscles have been performed to investigate the influence
of different micro-additives in the tilapia diet (Ramesh et
al., 2014; Obirikorang et al., 2018; Kokou et al., 2019;
Ismail et al., 2019) when used for beneficial purposes like
growth enhancer.

“ Corresponding author e-mail: physioatique@gmail.com.

nature in different combinations such as selenite, selenate,
and selenomethionine (Takayanagi 2001; Mechora et al.,
2013; Igbal et al., 2017). The primary natural sources of
this element for fish are the water bodies and alluvial
sediments (Patterson et al., 2010; Younus et al., 2015). It
is a well-proven antioxidant as well as an indispensable
part of numerous biological molecules like DNA and
proteins (Han et al., 2011; Moon et al., 2020; Bae et al.,
2020). Therefore, it is recognized for its critical
physiological role and is a prerequisite for the standard
functioning of various enzymes and the immune system
(Patterson et al., 2010; Ramesh et al., 2014; Sarkar et al.,
2015; Igbal et al., 2020). Selenite and selenate are
prevailing compounds of selenium existing in the aquatic
environment due to higher water solubility. Selenium
concentrations (0.1 - 0.5 mg/kg dry weight of feed)
recommended for normal physiological activities of fish
(Hilton and Hodson, 1983; Gatlin and Wilson, 1984; Han
et al, 2011). However, excessive accumulation of
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selenium in aquatic organisms caused rare haematological,
histopathological, teratogenic, and reproductive disorders
(Lemly, 2002) due to its persistent nature, bio-
accumulative properties, and toxicity.

Recent studies confirming higher doses of selenium (8
mg/kg) resulted in  inducing  histopathological
modifications and damaged the characteristic structure of
liver cells. Studies in tilapia highlighted haemosiderin
pigments, haemolysis of cells, and fatty degenerations,
whereas lower concentrations (e.g., 2 mg/kg) induced
necrotic changes (Morrison and Wright, 1999; Lemly,
2002) around blood vessels and caused haemolysis of
cells. Similarly, lower selenium concentrations enhanced
glutamate oxaloacetate transaminase (GOT) level,
glutamate pyruvate transaminase (GPT) secretions, and
lactate dehydrogenase concentration (LDH) in the target
fishes (EI-Hammady et al., 2007; Wang et al., 2018).

In most of the studies, using liver tissues as primary
reference organs while assessing the selenium effects was
due to the reported preferential selenium accumulation in
the case of examined exposed fish specimens (Hodson et
al., 1980). Selenium compounds were also capable of
protecting the internal organs from the toxicity of heavy
metals such as cadmium and mercury and palm oil
(Watanabe et al., 1997; Zulfahmi et al., 2018). Selenium is
reported as an integral component of the enzyme
glutathione peroxidase, which assumes the role in catalysis
reactions that can protect the cell membranes against
potential oxidative damages (Rotruck et al., 1973). The
use of different forms of organic selenium, for instance,
selenomethionine and seleno-yeast to improve the
bioavailability of selenium, also examined due to elevated
potentially and higher bioavailability than ordinary
inorganic selenium forms (Watanabe et al., 1997; Schram
et al., 2008).

Very interestingly, several authors reported a fine line
of difference between the edible (positive) and toxic
(harmful) role of selenium. The disparity renders it as an
existing contradiction in the field of aquatic toxicology
since it is well established as an eco-toxicological paradox
to act like both as essential micro-nutrient as well as a
toxin depending upon its level in the environment (Schram
et al., 2008; Igbal et al., 2017). Therefore, it became
critical to ascertain its role in changing the natural terrain
of liver and kidney tissues when used as micronutrients to
reveal a distinguishable line between constructive nutrient
concentration and destructive toxic limits.

Considering the grander importance of selenium, the
present study was conducted to investigate the potential
role of selenium in the histopathological changes in vital
organs in tilapia. We studied kidney and liver to witness
the possible effects of different levels of selenium
dispensed to tilapia incorporated in fish feed under
laboratory conditions.

2. Materials and Methods

2.1. Experimental site

The 90 days long study about the potential effect of
selenium on histology of selected vital organs of tilapia (O.
niloticus) was conducted in Research and Training
Facilities at the Department of Fisheries and Aquaculture,

University of Veterinary and Animal Sciences (Ravi
Campus, Pattoki), Lahore, Pakistan.

Table 1. Selected Feed Ingredients (dry weight), inclusion level
and chemical composition of experimental and basal diets

Inclusion level (g/100g)

ir. Ingredients Basal diet Treatment Treatment Treatment
(Control) 1 2 3

1  Fish meal 8 8 8 8

2 Guar meal 30 29.998 29.996 29.992

3 Soya bean meal 9 9 9 9

4 Wheat bran 18 18 18 18

5 Canola meal 8 8 8 8

6  Rice polish 24 24 24 24

7 Vitamin Premix ? 2 2 2 2

8  Selenium free 1 1 1 1
mineral premix °

9  Selenium dose ° 0.00 0.002 0.004 0.008
Total 100 g

Chemical composition

1  Crude protein 30.2 30.2 30.2 30.1

2 Crude lipid 7.3 7.2 73 7.3

3 Dry matter 86.4 86.4 86.3 86.5

4 Ash 6.8 6.7 6.6 6.9

a: Vitamin premix (1U or g/kg diet): vitamin A, 16000 1U;
vitamin D, 8000 1U; vitamin K, 14.72; thiamin, 17.8; riboflavin,
48; pyridoxine, 29.52; cyanocobalamin, 0.24, tocopherols acetate,
160; ascorbic acid (35%), 800; niacinamide, 79.2; Calcium-D-
pantothenate, 73.6; folic acid, 6.4; biotin, 0.64; inositol, 320;
choline chloride, 1500; L-carnitine, 100; b: Selenium free mineral
premix; (g /kg of diet): calcium, 5.5; phosphorus, 17.5; iron, 10;
magnesium, 2.8; copper,1.5; iodine, 0.15; manganese, 9.5; zinc,
25; cobalt, 0.13;c: Sodium selenite (Na,SeO3) in milligrams

2.2. Fish management and experimental plan

Healthy tilapia fish were collected from the nursery
ponds at the training facilities and were acclimated to
laboratory conditions in indoor cemented rectangular-
shaped tanks for two weeks duration before the
experiment. The given feed compositions were based on
selenium-graded inclusion levels along with respective
chemical composition given in table 1. Three doses of
formulated fish feed were prepared on the basis of
selenium supplementation level viz., 2 mg/kg (Treatment-
1), 4 mg/kg (Treatment-2) and 8 mg/kg (Treatment-3) of
selenium in fish feed and were properly mixed followed by
extrusion, drying and finally storage at -20°C while
considering each dose as a distinctive treatment. The
controlled diet did not receive selenium supplementation.
This trial was executed in four fixed cemented rectangular
fish tanks constructed with dimensions as 2.896 x 0.762 x
0.914 m (length x width x depth) and with 2.018 cubic
meters total water capacity. Tank 1, 2, and 3, were
designated as treatment tanks, whereas the fourth one as
selenium deficient (control). There were three replicates in
each treatment tank, as well as in the selenium-deficient
treatment tank. The stocking density fixed to 15 fish per
tank having weight ranges 10 — 25 g and fed on 30% crude
protein feed dispensed at the rate of 3% body weight thrice
per day. The physicochemical water quality was monitored
daily to manage the potential water quality stressors on
histopathological changes. We ensured continuous supply
of fresh and well-oxygenated turbine water while the
optimal water levels were maintained by discharges via
overflow pipes.
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2.3. Histopathological assessments

Samples from the excised tissues of selected vital
organs of interest viz., liver, being major detoxifying organ
and kidney, being the excretion factory, procured after
euthanizing the fishes (by using MS222) followed by
anesthesia. The removed organ samples were properly
preserved in neutrally buffered formalin solution for 24
hours, followed by dehydration of the tissues as per the
method of Lille and Fullmer (1976). The clearing,
infiltration and embedding, section cutting (5 p), and
stretching of tissues were performed after that.
Hematoxylin was the staining reagent used for tissues
nucleic acid staining. On the other hand, eosin used as
staining reagent for cytoplasm and extracellular matrix as
established by Luna (1968) and Bernet et al. (1999). Slides
were stained by using the method described by Lille and
Fullmer (1976). Then, coverslips were mounted by using
DPX followed by coding and stochastic analysis. These
slides were analyzed quantitatively to explore the
histopathological ~ alterations including  degenerated
vacuoles, necrosis, apoptosis as well as the general health
of cells that are visible by hematoxylin and eosin (H & E).

Three views per fish were conducted at 10 x and 40x and
analysis was tabulated by using the scoring system as
described by Bernet et al. (1999). Photographs were
accomplished with a trinocular microscope using a Nikon
digital camera (Bancroft and Gamble, 2007).

3. Results

The physicochemical quality of the experimental
culture environment maintained around the optimal ranges
(Table 2). No apparent disease symptoms, slow
movements, morbid, or moribund fish samples were
noticed during the study duration. Before histological
sample processing, systematic macroscopic observation of
fish, including internal and external morphology, was
performed with the help of lens and naked eye, and it did
not reveal any macroscopic abnormalities, attaching
parasites on gills and skin and no injuries were noticed.
The comparative details of histopathological alterations in
liver and kidney of tilapia (O. niloticus) fed on selenium
graded diets are mentioned in table 1.

Table 2. Records of selected physicochemical parameters in treatment and control Tanks

Water Quality Parameters ~ Treatments
Permissible limits

Control Treatment 1 Treatment 2 Treatment 3
pH 8.58+0.020 8.56+0.028 8.58+0.017 8.57+0.018 79
D.O. 6.20+0.150 6.04+0.167 6.14+0.289 6.26+0.274 >5
Temperature (°C) 30.35+0.022 30.35+0.026 30.33£0.030 30.34+0.022 15-35
TDS 396.92+26.88 378.06+£23.378 441.81+37.648 430.19+32.532 500-1200
EC (uS/cm) 649.09+14.776 659.27+34.58 663.29+30.429 697.79+23.835 300-1500
Hardness 18.1+0.012 18.2+0.014 18.03+0.018 17.9+0.015 >20
Nitrates 0.83+£0.13 0.84+0.15 0.83+0.14 0.84+0.20 0-100
Chlorides 6.5+0.11 6.9+0.19 7.0+0.13 7.0+0.18 4-160
Salinity 0.8+0 0.8+0.001 0.8+0.01 0.8+0.02 --
Ammonia N.D. 0.011+0.0034 0.012+0.0051 0.010+0.0032 0-0.05

D.O.: Dissolved oxygen, TDS: Total dissolved solids, EC: Electrical conductivity, T.A. Total alkalinity, N.D.: Not detected. All values are
mentioned in mg/L (ppm) except pH, temperature, and electrical conductivity.Our results displayed that the central vein was dilated in the
liver of control treatment fish. Moreover, mild vacuolation was also seen in hepatocytes cytoplasm. However, portal areas were not
distinctly observed. In the case of kidney tissues from control group fish, tubules were seen with the empty lumen. Haematopoietic tissues
were also present (Figure 1 a,b).

group (Central vein seems to be dilated (represented by a thin black arrow). Mild vacuolation (indicated by a star) is seen in hepatocytes
cytoplasm. Portal areas are not seen distinctly here (H&E 40X); (b) T. S. of Liver Se 2mg/ kg feed (Treatment-1) Mild degenerative
changes are seen (Less histological alterations seen); (c) T. S. of kidney control group (Tubules are seen with empty lumen (indicated by
thin arrow). Hematopoietic tissue is also present (represented by a star) (H&E 10x); (d) T.S. of kidney treated with Se 2mg/ kg feed
(Treatment-1) (Mild infiltration of mononuclear cells, vacuolation in tubular epithelial cells seen with pyknotic nuclei (represented by an
arrow). Some renal tubules are completely collapsed with their obliterated lumen (designated by a star) (H&E 40x).
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Mild degenerative changes were seen in the liver of
tilapia (O. niloticus) fish exposed to selenium (2 mg
Se/kg). Slight histopathological changes were observed in
the liver and kidney of fish exposed to 2 mg Se/kg. We
observed mild infiltration of mononuclear cells found in
the kidney of fish exposed to selenium supplemented feed
(2 mg Se/kg). Vacuolation in tubular epithelial cells seen
with pyknotic nuclei. Some renal tubules completely
collapsed with their obliterated lumen (Figure 1 c,d).

In the present study, in the liver of fish exposed to 4 mg
Se/kg, the blood vessels extremely dilated with thickening
in the wall. Fatty degeneration was also present in
parenchymal cells with peripherally displaced nuclei seen
clearly. The kidney of the fish exposed to 4 mg Se/kg
showed degeneration and fibrosis. The lumen of renal
tubules filled with eosinophilic proteinaceous mass.
Degenerative changes were evident in the linings of
epithelial cells (Figure 2 a-d).

Table 3. Comparative details of histopathological alterations in liver and kidney of tilapia (Oreochromis niloticus) fed on control and

selenium graded diets

Dose Range Histopathological changes in selected vital organs
Liver Kidney
Control Central vein dilated No distinct portal areas

Mild vacuolations in hepatocytes cytoplasm.

Tubules with the empty lumen
Hematopoietic tissues present

Treatment 1 (2 mg Se/Kg) Mildly degenerated

Treatment 2 (4 mg Se/Kg)
cytoplasm

Thickening of blood vessels leading to dilation
Fatty degeneration in parenchymal cells

Peripherally displaced nuclei

Hemosiderin pigments in blood vessels
Vascular congestion in blood vessels

Mild infiltration of mononuclear cells

Pyknotic nuclei

Vacuolations in tubular epithelial cells

Renal tubules collapsed with the obliterated lumen

Infiltration of fat in the vacuoles of the hepatocyte Degeneration

Fibrosis

The lumen of renal tubules filled with an eosinophilic
proteinaceous mass

Degenerative changes in epithelial cells

Congestion of blood vessels

Treatment 3 (8 mg Se/Kg) Fibrosis in the perivascular area

Severe vacuolations in hepatocytes cytoplasm
Fibrous connective tissue tracts indicate fibrosis

Vascular hypertrophy
Central vein dilated
Haemolysed erythrocytes

Dilated central vein with the empty lumen
Hemosiderin pigment in a central vein

Renal tubules undergoing atrophy
Degenerative vacuolar changes in renal tubules
Pyknotic changes in epithelial cells nuclei
Hyaline casts in the tubular lumen

Sloughing of tubular epithelial cells

The thin layer of fibrous connective tissue in
peritubular areas

Figure 2. Comparison between Liver (L) and Kidney (K) histological chal

e CAgs i (K)
nges treated by Se 4 mg.kg. (a) T. S of Liver treated with Se

4mg/kg (Treatment-1) (Blood vessel is extremely dilated with thickening in its wall (represented by a star). Fatty degeneration is also

present in parenchymal cells with peripherally displaced nuclei seen clearly (represented by arrow) 40x H&E Stain); (b) T.S of Liver treated
with Se 4mg/kg (Treatment-2) (Vascular congestion is seen with degenerative changes in blood vessel wall (represented by arrow). At some
places haemosiderin pigment is also visible, 40x H&E.); (c) T. S. of Kidney treated with Se 4mg/kg (treatment-2) (Lumen of renal tubules is
filled with eosinophilic proteinaceous mass (represented by star). Degenerative changes are evident in lining epithelial cells are also seen.
40x H&E); (d) T. S. of Kidney treated with 4mg/kg (Treatment-2) (Lumen of blood vessel is dilated with congestion (represented by arrow)
H&E 40x).
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Table 4. A histopathological score of the liver of tilapia fed on
control and selenium graded diets (n=5)

Table 5. A histopathological score of the kidney of tilapia fed on
control and selenium graded diets (n=5)

Histopathological ~ Control Treatment Treatment Treatment

Histopathological ~ Control Treatment Treatment Treatment

Change 1 2 3 Change 1 2 3

Focal necrosis - - + + General necrosis - - ++ ++

Vacuolation + - + + Pyknotic nuclei  + + - o+

Hemorrhage . ) i * Vacuolations - + + +++

Pyknotic - - + +++ L

hepatocytes Fibrosis - - +++ +++

Hypertrophy - - - ++ Congested blood  + - +++ ++
cells

Congested blood - - ++ +++

cells Atrophy - - + +++

Fibrosis + - + et Hemorrhage - - ++ ++

!n:_llatm?atory cell + - ++ + Tumor ) } } )

infiitration (benign/malignant)

Tumor - - - -

(Benign/malignant)

Where - Symbolizes no significant histopathological alterations; +
Mild alterations; ++ Moderate alterations; +++ Severe alterations

Where - Symbolizes no significant histopathological alterations; +
Mild alterations; ++ Moderate alterations; +++ Severe alterations

i gl A Y O S

Figure 3. Comparison between Liver (L) nd Kidney (K)histoloical changes uder Se 8 mg/kg treatment. (a) T. S. of Liver treated

¥ d l-(ﬁ_) . \" : ;““ -(_K)

with Se 8mg/kg (Treatment-3) (Severe vacuolation is present in hepatocytes cytoplasm indicate fatty change (represented by arrowhead).
Fibrous connective tissue tracts are also present indicates fibrosis (black arrow) 40x; H&E); (b) T. S. of Liver treated with Se 8mg/kg
(Treatment-3) (Dilated central vein with empty lumen is seen (indicated through black arrow). Haemosiderin pigment is also present
(represented by arrowhead). Unstained fat vacuoles seen in hepatocyte cytoplasm (represented through star) (H&E 40x); (c) T. S. of Liver
treated with Se 8mg/kg (Treatment-3) (Vascular hypertrophy (represented through double arrow) with thickened wall is seen. In
perivascular area fibrosis is also seen) (H&E 40x); (d) T. S. of Kidney treated with Se 8mg/kg (Treatment-3) (Renal tubules are undergoing
atrophy (represented by double arrow). Degenerative vacuolar changes are seen in many renal tubules (indicated through thin arrow) (H&E;
40x); (e) T. S. of Kidney treated with Se 8mg/kg (Treatment-3) (Hyaline casts are present in tubular lumen (indicated by thin arrow).
Pyknotic changes are seen in epithelial cells nuclei) (H&E; 40x); (f) T. S. of Kidney treated with Se 8mg/kg (Treatment-3) (Thin layer of
fibrous connective tissue (FCT) is seen in peritubular areas at many places (indicated through thin arrow). Tubular epithelial cells are also

undergoing sloughing) (H&E; 40x).

The occurrence of histopathological modifications was
much evident in the kidney of the fish exposed to selenium
dose of 8 mg/kg supplemented in the feed as compared to
the control, 2, and 4 mg Se/kg. However, the liver of fish
exposed to 8 mg/kg Se, vascular hypertrophy with
thickened wall was also seen. In the perivascular area,
fibrosis was also seen. In the kidney of fish exposed to 8
mg Se/kg, renal tubules were undergoing atrophy.
Degenerative vacuolar changes were also seen in many
renal tubules (Figure 3 a-f). The histopathological scores
of liver and kidney of tilapia fed on control and selenium

graded diets are presented in Tables 4 and 5. The results
indicated moderate to severe alterations in the liver and
kidney of O. niloticus in the 2 mg/Kg and 8 mg/Kg
selenium treatments. Critical changes in pyknotic
hepatocytes, blood cells, and Fibrosis were predominant in
the liver in 8 mg/Kg selenium treatment while severe
vacuolations, fibrosis, and atrophy were observed in the
kidney in the same treatment.
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4. Discussion

Histopathological studies are accomplished to explore
the preliminary effects or responses as well as acute
exposure results to environmental chemical stressors
because of the ability of fish to respond to the direct
impact as well as secondary effects caused by the
mounting stress (Atique et al., 2020a; Khanom et al., 2020;
Saeed et al., 2020). The liver and kidney are the vital
organs that can respond to such changes (Bernet et al.,
2004; El-Hammady et al., 2007). The liver is also one of
the essential digestive glands in fish and is the largest
extramural organ. Liver in fish is supposed to carry out the
essential physiological activities including but not limited
to homeostatic maintenance, plasma protein synthesis,
storage (e.g., energy, vitamins, and trace metals), nutrient
assimilation, bile production, and detoxification. The fish
liver may or may not contain pancreatic tissues. The
kidney is the principal excretory organ for water
elimination, particularly vital to freshwater fishes due to its
reabsorption mechanisms for water-salt maintenance. The
water quality holds the key of the balanced regulatory
functions in fish in controlled (Haider et al., 2016; Batool
et al., 2018; Haider et al., 2018; Khan et al., 2018) and
natural waters (Atique and An, 2018; Atique et al., 2019;
Atique et al., 2020b; Atique and An, 2020; HaRa et al.,
2020). The teleost kidney is partly comprised of
haematopoietic, excretory parts, phagocytic, and endocrine
tissues. The fish kidney may or may not be fused in the
structural arrangement. During response generation to the
uncomplimentary developments in or outside of the body,
they can be studied as indicative organs as they undergo
various histological changes.

Mild degenerative changes were observed in liver and
kidney tissues of tilapia (O. niloticus) fed on 2 mg/kg diet.
Our results of the present study are corroborating with El-
Hammady et al. (2007), who revealed less or negligible
histopathological modifications in fish exposed to a lower
dose of selenium, i.e., 2 mg /kg in the feed. Noticeably, the
colour of the liver in fish exposed to 2 mg/kg was of dull
grey-red when matched to other selenium graded treatment
tilapias, i.e. 4 mg/kg and a higher dose of 8mg/kg of feed.
It may have been caused by the mild degenerative
alterations linked to selenium dose (Gatlin and Wilson,
1984). It is imperative to consider that a healthy fish is not
only categorized based on absence or presence of
histopathological changes because it may exhibit mild or
moderate  histological alterations or inflammatory
responses owing to physical reactions (Bernet et al., 2004).
In this study, slight infiltrations of the mononuclear cells in
the kidney of fish were witnessed in the lower level of
selenium-supplemented treatment, i.e., 2 mg/kg of feed.
Our results conform with Peebua et al. (2008), who
discovered vacuolations in many tubules as well as nuclear
pyknosis in the fish kidney.

To the next level of selenium-graded diet effects, the
liver in fish devouring the 4 mg/kg feed resulted in the
dilation of the lumen of blood vessels and thickening in
their walls. Fatty degeneration was also noticed in the
parenchymal cells with clearly displaced peripheral nuclei.
The kidney of the same treated group denoted
degeneration and fibrosis. The lumen in renal tubules was
observed to be filled with eosinophilic proteinaceous mass.
Also, several degenerative changes were marked in the

lining of epithelial cells. Similar results were corroborated
by the application of Bernet et al. (1999) protocol that
supported our conclusions. The outcomes were in a match
with the findings of EI-Hammady et al. (2007), who also
recorded the degenerative variations as well as fibrosis in
fish kidney fed on similar diet regimes.

Moreover, hepatic cells degeneration and hemorrhages
were also distinguishable. The blood vessels dilation was
noticed very prominently (Hilton et al., 1980). In the
previous studies, renal tubular degeneration as well as the
perturbed circulatory mechanism like hemorrhages
observed in the cultured fish have been concomitant of an
antibiotic treatment (Smith et al., 1973; Roberts, 2012),
whereas, the necrosis of renal haematopoietic tissues,
which are indeed very sensitive, may arise due to various
biotic and toxic situations or medications (Roberts, 2012).

Frequency and histopathological alterations score
recorded in our study were very conspicuous in the liver
and Kidney tissues processed from 8 mg/kg selenium
incorporated feed. Tilapia (O. niloticus), when fed on a
high dose of selenium (8 mg/kg), different sections of liver
exhibited hemosiderin pigments along with hemolysis of
cells and fatty degenerations. Such abnormal deposition of
fat in the fish liver from treatment 3 resulted due to the
excessive fat production as well as its utilization (Lemly,
2002). Desai et al. (1984) put forth similar observations
having said that the fatty degenerative changes in the liver
of tilapia linked with the reduction of an energy
consumption level or on the contrary, argued at the
enhanced amount of fat synthesis.

In the same pattern, uptake and increase of selenium
levels in trout (Salmo gairdneri) tissues inhabited for a
prolonged duration while feeding at supplemented
selenium dose (3pg/kg) diet may result in toxicity (Hilton
et al., 1980). If trout are exposed to selenium added feed
(4.29 and 15.00 ug/g), its detoxification into methyl
derivatives and seleno-proteins inside the liver.

Our findings also corroborate with Peebua et al. (2008),
who confirmed that hepatocytes indicate necrosis,
accumulated lipid vacuoles, hydropic swelling as well as
the vacuolation present in the liver. It further argued that
tubular cells go through hydropic blisters, the lipid
vacuoles accumulate in the cytoplasm of the tubular
epithelial cells along with pyknotic nuclear alterations
(Morrison and  Wright, 1999). Therefore, such
histopathological changes of hepatocytes indicated
towards the hydropic degeneration, as well as the
accumulation of lipid vacuoles and necrotic changes in the
liver, are essential. On the other hand, the
histopathological changes in kidney tissues included the
mass of vacuoles in tubular cells and stark necrotic areas
and tubular degeneration. Our findings corroborate with
the observations of Oulmi et al. (1995) in the case of O.
mykiss and Gupta and Kumar (2006) in C. mrigala. Both
groups observed small granules in the cytoplasmic region,
haemolysis of cells in addition to nuclear deformations of
the epithelium in the proximal tubules.

The overall findings of our study corroborate with the
investigations of Hilton et al. (1980), who published his
observations conveying that when selenium level exceeded
the limit of 0.38 pg/g, escalated uptake of selenium in liver
witnessed. Ramesh et al. (2014) and El-Hammady et al.
(2007) both identified that the liver damages could be seen
in case of excessive accumulation of sodium selenite that
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ultimately leads to liver toxicity (Lemly, 2002). The liver
is so definitely prone to selenium toxicity being the main
selenium storage organ, as well as for detoxification
(Hodson et al., 1980). Also, degenerative structural
changes in tissues of the liver occur when the fish is
exposed to an increased concentration of selenium
(Sorensen et al., 1984). Besides, toxicants lead to liver cell
necrosis and vascular degeneration (Malarvizhi et al.,
2012).

5. Conclusion

It is concluded that dietary selenium could inflict tissue
damages if fed to juvenile tilapia in considerably higher
concentrations. However, it inflicted minimal tissue
damages when fed at lower levels incorporated in fish
feed. Such significant variations in selenium toxicity in
vital organ tissues suggested a higher degree of complexity
in the selenium toxicity mechanism. However, the present
study paved the way towards the recommendation of lower
levels of selenium supplemented in the fish feed for tilapia,
which could be very useful for fish health.
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Abstract

To evaluate the effects of Myrmecodia pendens bulb extract (MBE) inclusion on the growth and blood profile of catfish
(Clarias gariepinus), a group of fish were fed with 1% MBE (T) and compared with a control (C). After 30 days of feeding,
the growth, survival and blood profiles were compared between the two groups. Surviving fish from each group were
distributed into five subgroups: C without injection (CG1), C with Aeromonas hydrophila injection (CG2), C injected with
A. hydrophila and antibiotics (CG3), T without injection (TG4) and T with A. hydrophila injection (TG5). Survival and
blood profile post-injection were evaluated for 48 h. After 30 days of feeding, the growth, survival and blood profiles of fish
fed MBE was higher than the control. Meanwhile, 24 h post-bacterial injection, fish CG2 showed significantly reduced
survival (70%), erythrocytes (2.15 x 10° uL™), platelets (39.48 x 10° uL™) and haemoglobin (4.24 g dL™). However,
increases in leucocytes (49.55 x 10° uL™) and lymphocytes (49.32 x 103 pL™) were found in fish TG5. This finding
demonstrated the usefulness of MBE inclusion in the diet of C. gariepinus for improving growth, survival, blood profile and

resistance to A. hydrophila.

Keywords: Clarias gariepinus, Myrmecodia pendens, survival, blood profile, Aeromonas hydrophila

1. Introduction

One of the most significant pathogens in many fish
cultures, causing mass mortality, is Aeromonas species
(Hoai et al., 2019). Aeromonas hydrophila, an
opportunistic ~ Gram-negative  pathogen  living in
freshwater, has been identified as one of the Aeromonas
species that causes mass disease outbreaks in fish such as
Siniperca chuatsi (Chen et al., 2018) and Carassius
auratus (Linnaeus 1758) (Dharmaratnam et al., 2018).
Previous research has revealed that A. hydrophila
intramuscular injection into Pangasianodon
hypophthalmus (Sauvage) resulted in a virulent reaction
and decreased immune response (Tamamdusturi and
Yuhana, 2016).

To tackle mass mortalities of fish cultures, some fish
farmers use antibiotics to prevent virulent reactions to A.
hydrophila (Sinclair et al., 2016), as commonly used for
haemorrhagic septicaemia disease in Pangasianodon
hypopthalmus (Xuan et al., 2018). Nevertheless, antibiotics
are expensive, and their inappropriate application may
induce environmental deterioration and negatively affect
farming bio-environments (Sinclair et al., 2016). In
addition, the increasing market demand for eco-friendly
fish products is necessary. As an alternative, researchers

“ Corresponding author e-mail: rudyagung.nugroho@fmipa.unmul.ac.id.

have attempted to use various plant extracts as a natural
antimicrobial agent.

A potential plant that can be used as an antimicrobial
agent source to increase survival and immunocompetence
in fish is the ant nest plant (Myrmecodia sp). The
Myrmecodia species, which has been taxonomically
determined as M. tuberosa and M. pendens, is widely used
in West Papua, East Kalimantan and several regions in
Indonesia as a herb with significant therapeutic value
(Hertiani et al., 2010). Local people have used this species
as part of herbal remedies for several medicinal
applications, such as ulcers, haemorrhoids, nosebleeds,
backaches, allergies, uric acid disorders, strokes, coronary
heart problems, Tuberculosis, tumours, cancers and
lactagogum (Soeksmanto et al., 2010). M. pendens, an
epiphyte plant, attaches to large trees and can be found in
bubbles underneath the rod (Hamsar and Mizaton, 2012).
Previous studies have reported that qualitatively,
Myrmecodia contains several important secondary
metabolite compounds, namely phenolics, flavonoids,
alkaloids, saponins and steroid/triterpenoids (Sari et al.,
2017) that are potentially beneficial for medical purposes.

According to Gartika et al. (2018), M. pendens bulb
extract (MBE) can inhibit and eradicate Streptococcus
mutans biofilms. Hertiani et al. (2010) also found that M.
tuberosa Jack’s quorum-sensing has a relationship with the
pathogenicity of Pseudomonas aeruginosa and
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Staphylococcus aureus. Meanwhile, an ethyl acetate
fraction of methanolic extracts of Myrmecodia tubers
reduced the growth of Streptococcus sanguis ATCC 10566
(Fatriadi et al., 2018), and a previous study of Myrmecodia
species in fish also found that 0.5-1% Myrmecodia extract
is useful for enhancing the growth and blood profile status
of P. hypopthalmus (Nugroho et al., 2019).

Although there has been a significant amount of
research regarding Myrmecodia species, there has been
relatively little focus on the aquaculture field. Thus, it is
necessary to perform in-depth research on the application
of M. pendens in fish, particularly with respect to its role
as a therapeutic agent for tackling bacterial pathogens.
This study investigated the effects of MBE on the survival
and blood profile (including erythrocytes, leucocytes,
haemoglobin value (Hb) and platelets (PLT) in C.
gariepinus when challenged with A. hydrophila.
Differential leucocytes such as lymphocytes, monocytes
and granulocytes, all of which are pivotal blood indices in
the immune system of C. gariepinus, were also determined
during pre- and post-challenge tests.

The immune status of catfish is related to their blood
profiles, which are important in monitoring the health
status of fish (Shen et al., 2018). Blood profiles such as
erythrocytes, leucocytes, Hb, and PLT in fish are pivotal
tools that can be used to determine physiological and
pathological status in fish (Aliko et al., 2018). Leucocytes
or white blood cell counts are generally used as fish health
status indicators; they relate to components of the innate
immune system and involve immunological function
regulation in fish (Velazquez-Carriles et al., 2018).
Immunological function related to physiological responses
in fish can also be measured by alterations in both total
and differential leucocyte counts. These counts have been
used as regular indicators in the health status and immune
competence of various fish (Jaafar et al., 2016; Aliko et al.,
2018).

2. Materials and Methods

2.1. Plant materials

M. pendens bulbs were purchased from a local market.
To make a powder, bulbs were dried, cut into small pieces
and ground into a powder. This powder was extracted
using 95% ethanol for two days, filtrated, evaporated and
stored at 4 °C until it was used as a crude extract (MBE).
Every 75 g of M. pendens bulb powder in 1 L of 95%
ethanol produced 18 g crude extract.

2.2. Control and treatment diet preparation

The control diet was a commercial pellet and was
obtained from a local commercial market (Hi Pro Vite FF-
888). The control diet contained 36—-38% protein, 2% lipid,
2% crude fibre, 10% ash and 12% moisture. The treatment
diet was prepared by adding 1% MBE to the control diet.
The optimum MBE addition (1%) was determined from
previous experiments. Both control and treatment diets
were repelletised using a mincer, dried in an oven at 50 °C
and allowed to cool to room temperature. All diets were
stored in a dark plastic bag prior to being given to fish.

2.3. Fish preparation and experimental setup

Six-hundred fish (average initial weight 27.36 g) were
obtained from a local breeding fish farm in Samarinda,

East Kalimantan, Indonesia. All fish were acclimated at
the Animal Physiology, Development, and Molecular
Laboratory, Mulawarman University, East Kalimantan for
five days. The fish were then randomly distributed into
two groups (C and T) with triplicate groups of 40 fish per
replicate group. Each fish was then placed in an individual
plastic tank (60 L capacity, 40 L of freshwater in each
tank). For 30 days (pre-challenge), fish in each group were
fed with control or treatment diets at a rate of 3% of body
weight three times per day. Temperature, pH, and
dissolved oxygen (DO) were checked once a week with a
routine thermometer and an HM-7 pH meter (TOA-DKK
Corporation, Japan). Nitrate, nitrite and ammonium were
also checked weekly using chemical test kits (Salifert test
kit™). Siphoning was carried out daily to remove uneaten
food and faeces before renewing the water. Forty percent
of the water volume was renewed every day and
maintained at 40 L of water in every plastic tank.

2.4. Challenge test

On the final day of the feeding trial (day 30), all
surviving fish in both control and treatment groups were
distributed as follows: the control group was randomly
divided into triplicates of three subgroups (30 fish per
subgroup): control (C) subgroup fish without bacterial
injection (CG1), control subgroup fish with bacterial
injection (CG2) and control subgroup fish with bacteria
and antibiotic (Gentamycin sulphate 0.1%) injection
(CG3). The treatment group of fish was randomly
distributed into triplicates of two subgroups (30 fish per
subgroup): treatment (T) fish group with no injection
(TG4) and with bacterial injection (TG5). All bacterial
injections were performed with 20 pL of A. hydrophila at
10° cfu mL intraperitoneally.

2.5. Sampling and analytical procedure

On the first and final days of pre-challenge, the weight
of all fish was measured to calculate the initial weight,
final weight, body weight gain (BWG), daily weight gain
(DWG), average weekly gain (AWG) and specific growth
rate (SGR). Feed properties such as feed conversion ratio
(FCR) were also determined. At the end of the pre-
challenge test, blood profile, such as the number of
erythrocytes (10° pL™) and leucocytes (10° uL™),
haemoglobin (g dL™), lymphocytes (10° pL%), monocytes
(10° pL™Y), granulocytes (10° pL™) and PLT (10° pLt) was
determined. The survival rate of the fish in each group was
noted every week during the pre-challenge test. During the
challenge test, the survival and blood profile of fish (N =3
fish per subgroup) was taken and measured every 24 h
interval until 48 h. Blood profile measurement was
performed using a Mindray BC2800 Auto Haematology
Analyser (Mindray®Shenzhen, China).

2.6. Statistical analysis

Data are expressed as means + standard error (SE) and
were analysed using SPSS version 22 (SPSS, Inc., USA).
Survival data were firstly transformed to arcsine. Blood
parameters such as erythrocytes, leucocyte, Hb and
differential leucocytes before the challenge test were
analysed with a t-test to determine the significance of
differences between control and treatment groups.
Meanwhile, two-way ANOVA was used to evaluate
survival, erythrocytes, leucocytes, Hb, PLT as well as data
regarding the number of lymphocytes, monocytes and
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granulocytes in the post-challenge test. A Duncan Multiple
Range post hoc test was used to determine significant
differences. All test results were reported as significant if P
values were less than 0.05.

3. Results

During the pre-challenge test, the temperature, pH and
DO value were noted as follows: 28.1 °C + 0.3, 7.17 £ 0.2
and 8.1 + 0.3 mg L-1. The nitrate, nitrite and ammonia
values in all tanks were below the limits of detection. The
growth of both control and treatment groups of fish fed 1%
MBE in the diet are presented in Table 1.

Table 1. Growth parameters and Survival of Clarias gariepinus
fed 1% of Myrmecodia pendens bulb extract for 30 days

Table 2. Blood parameters of Clarias gariepinus fed 1% of
Myrmecodia pendens bulb extract for 30 days

Parameters Groups

Control Treatment
Erythrocyte (10°uL™) 2.11+0.02 3.34£0.08"
Leucocyte (10%uL?) 38.51+0.06° 48.48+0.14°
PLT (10°%uL™) 40.84+0.02° 41.80+0.05°
Hb (g dL™) 5.75+0.03 6.55+0.03"
Lymphocyte (10%uL?) 33.09+0.03° 43.39+0.16°
Monocyte (10°uL™) 1.06+0.01% 1.20+0.02*
Granulocyte (10°uL™Y) 1.04+0.005 2.32+0.085"

Parameters Groups

Control Treatment
Initial weight (g) 27.36+0.11% 27.72+0.18%
Final weight (g) 50.52+1.00% 67.11+0.81°
BWG (g) 23.16+0.97° 39.38+0.80"
AWG (g/week) 2.89+0.12* 4.92+0.10°
DWG (g/day) 0.41+0.01* 0.70£0.01°
SGR 1.19+0.03* 1.61+0.02°
FCR 2.00+0.09* 1.18+0.02°

Note: Control group = group of fish without Myrmecodia pendens
bulb extract in the diet. Treatment group = group of fish with
Myrmecodia pendens bulb extract supplementation in the diet.
MeanzStandard error (SE) followed by different letter superscript
(a, b) at the same row indicate significantly different (P < 0.05).
BWG = Body weight gain, AWG = Average weekly gain, DWG =
Daily weight gain, SGR = Specific growth rate, FCR = Feed
conversion ratio.

After 30 days of the feeding trial, the growth of fish fed
MBE in the diet was significantly higher (P<0.05)
compared to the control group, as shown in the final
weight, BWG, AWG, DWG and SGR. The FCR of fish
fed 1% MBE in the diet (1.18+0.02) was significantly
better than the control group. Significantly higher survival
(t-test, P < 0.05) (Figure 1) and erythrocytes, leucocytes,
Hb, PLT, lymphocytes and granulocytes (Table 2) were
also found in fish fed MBE in the diet. However,
monocytes were not affected by 1% MBE inclusion in the
diet.
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Figure 1. Survival of Clarias gariepinus fed 1% Myrmecodia
pendens bulb extract in the diet for 30 days. * = significantly
difference at P<0.05. C = control group of fish without
Myrmecodia pendens bulb extract supplementation. T =
Treatment group of fish with Myrmecodia pendens extract
supplementation in the diet for 30 days.

Note: Control group = group of fish without Myrmecodia pendens
bulb extract in the diet. Treatment group = group of fish with
Myrmecodia pendens bulb extract supplementation in the diet.
MeanzStandard error (SE) followed by different letter superscript
(a, b) at the same row indicate significantly different (P < 0.05).
PLT = Platelets, Hb = Haemoglobin.

In the challenge test, fish in the control subgroup
injected with A. hydrophila (CG2) showed significantly
reduced survival (Figure 2). As can be seen in Table 3,
there was a significant decrease in the number of
erythrocytes (2.15 x 10° uL™h), platelets (39.48 x 10° pL™)
and Hb (4.24 g dL™%) in the control subgroup injected with
A. hydrophila (CG2) at 48 h post challenge. However,
increases of leucocytes (49.55 x 10% uL™) and lymphocytes
(49.32 x 10 pLY) were found in fish TG5. Meanwhile,
fish in the control subgroup injected with A. hydrophila
and antibiotic (CG3) had relatively constant erythrocytes
and monocytes, whereas an increase of leucocytes and
granulocytes was observed 24 h post challenge. The Hb of
fish in the subgroup CG3 was also gradually reduced until
48 h post challenge. Nevertheless, lymphocytes increased
24 h post challenge. Further, fish fed 1% MBE in the diet
and injected with A. hydrophila (TG5) showed relatively
constant erythrocytes and Hb values. The leucocytes,
lymphocytes, monocytes and granulocytes were increased
at 24 h post injection.
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Figure 2. Survival rate of Clarias gariepinus in challenge test.
Significantly decreased (*) of survival was found in fish groups
without Myrmecodia pendens extract supplementation and
injected with Aeromonas hydrophila. CG1 = subgroups fish
without bacterial injection, CG2 = control subgroups fish with
bacterial injection, CG3 = control subgroups fish with bacteria
and antibiotic injection. TG4 = subgroups MBE-fed fish with no
injection. TG5 = Subgroups of MBE-fed fish with bacterial
injection.
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Table 3. Blood parameters and differential leucocyte of Clarias gariepinus during challenge test

Control groups

Treatment groups

Parameters Time
CG1 CG2 CG3 TG4 TGS
Erythrocyte 0 12.09+0.030° 12.1340.03° 12.28+0.02° 13.41£ 0.166" 13.28+0.0541°
(10°uL?) 24 12.1740.018° 22.2240.19° 22.4240.03® 13.74+0.028° »3.52+0.008°
48 12.2620.008° 12.1520.02° 22.1020.05° 13.740.038° 1,3.380.067°
Leucocyte 0 138.58£0.071°  ;38.43+0.11° 137.9420.664° 148.3520.270° 148.62+0.084°
(10°uL™) 24 138.44+0.2631*°  ,45.39+0.89° ,43.51+0.301° 148.78+0.029° 148.48+0.35°
48 138.0620.3781*  ,46.53+0.86° 345.8420.031° 148.7920.042° 349.5520.33"
PLT 0 140.84+0.014°  ;40.83+0.045° 141.33+0.335 142.83+0.110° 141.76+0.020°
(10°uL™) 24 140.83£0.037°  ,39.15+0.282% 1241.8420.054° 142.7420.063" ,42.67+0.013%
48 140.7520.029°  ,39.48+0.384% 2341.5320.280° 142.9120.023° ,42.380.247
Hb 0 15.7940.02° 15.7240.07° 15.66+0.04° 16.55+0.035" 16.56+0.059"
(gdL?) 24 15.49+0.06° 25.47+0.05° 25.630.07% 16.7240.067" 126.53+0.015¢
48 15.46+0.06° 34.24+0.08° 34.68+0.03° 16.76+0.011° 16.56+0.028°
Lymphocyte 0 133.1520.013°  ;33.04£0.04° 133.1020.07° 143.162 0.056" 143.6320.26°
(10°uL?) 24 133.15£0.017°  ,43.80+0.66° 244.47+0.24° 143.53+0.065" ,49.000.01°
48 233.24+0.031°  ,43.19+0.60° 348.17+0.30° 143.5620.008" ,49.32+0.28°
Monocyte 0 11.05+0.017° 11.08+0.015° 11.20£0.034° 11.24%0.035° 11.17£0.03°
(10°uL™) 24 11.034#0.0006°  ;1.18+0.017° 11.08+0.012° 11.3740.037° 11.4440.23°
48 11.03£0.0009°  ;1.17+0.005° 11.14£0.052° 11.47£0.018° 11.21%0.02°
Granulocyte 0 11.0420.006° 11.050.068" 11.0320.005% 12.2140.147° 12.4420.021°
(10°uL™) 24 ,1.030.001° 22.71£0.095° 22.78+0.031° 22.10£0.063" ,1.8620.088°
48 31.0240.0009°  32.84+0.062° 32.91£0.014° 32.31£0.056" 31.8020.025°

Note: MeantStandard error (SE) follow by different letter superscript (a, b,c,d,e) at the same row indicate significantly different (P < 0.05).
Meanwhile, different letter subscript (1,2,3) follow by MeanzStandard error (SE) at the same column indicate significantly different (P <
0.05). CG1 = subgroups fish without bacterial injection, CG2 = control subgroups fish with bacterial injection, CG3 = control subgroups fish
with bacteria and antibiotic injection. TG4 = subgroups MBE-fed fish with no injection. TG5 = Subgroups of MBE-fed fish with bacterial

injection. PLT = Platelets, Hb = Haemoglobin.

4. Discussion

Plant extracts containing active phytochemicals and
various hioactive ingredient activities such as such as
flavonoids, alkaloids, saponins, quinones, triterpenoids,
tannins and phenolics have been claimed to be beneficial
as a supplementation in the diet of aquaculture species
(Afzali and Wong, 2019). The present findings revealed
that the supplementation of 1% MBE can significantly
enhance the growth at pre-challenge and survival of
Clarias gariepinus, either pre or post challenge with A.
hydrophila. Similarly, survival rate of A. hydrophila-
infected silver catfish (Rhamdia quelen) bath with
Hesperozygis ringens (Benth.) has also been reported
(Rosa et al., 2019). According to Nugroho et al. (2019) and
Nugroho et al. (2017), the phytochemicals from
Myrmecodia may boost the innate immune system and
improve survival rates of Siamese fighting fish (Betta sp)
against A. hydrophila. Tilapia (Oreochromis niloticus)
injected with Boesenbergia pandurata, Solanum ferox,
Zingiber zerumbet also had significantly higher survival
than controls with no injection (Hardi et al., 2018).

The Myrmecodia pendens is abundant in secondary
metabolite plant ingredients such as flavonoids (Lestari et

al., 2019). Maulida et al. (2018) found that flavonoids have
a strong antioxidant property that enhanced superoxide
dismutase (SOD), catalase (CAT) and glutathione
peroxidase (GSH-Px) activity, and reduced
malondialdehyde (MDA) levels (Xie et al., 2018).
Increases in such antioxidant enzymes may be useful for
tackling free radical formation and decreasing lipidic
superoxide damage, further increasing the growth and
survival of C. gariepinus. Besides flavonoids, the
biological properties of tannins for boosting fish survival
have also been widely reported. For example, tannins from
Terminalia catappa leaves improved the survival of A.
hydrophila-infected Betta sp (Nugroho et al., 2016;
Nugroho et al., 2017). Ashraf and Bengtson (2007)
revealed that tannin can reduce harmful chemicals and
improve the survival and growth of striped bass (Morone
saxatilis) larvae. Further, phenolics found in the bulbs of
M. pendens may also improve survival and immune
function stimulation in C. gariepinus, while the application
of phenolics from liquorice roots (Glycyrrhiza glabra L) in
diets of Nile tilapia (Oreochromis niloticus) improved
their survival (El Mesallamy et al., 2015).

The current findings demonstrated that there were
significantly reduced erythrocytes and Hb counts
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following A. hydrophila injection. This result is similar to
Ayik (2009), who reported reduced erythrocytes and Hb in
rainbow trout (Oncorhynchus mykiss) infected with
Pseudomonas putida. The decreased count of erythrocytes
and Hb in both control and treatment subgroups may be
due to haemolytic activity caused by A. hydrophila
infection (dos Santos et al., 2017). According to Yu et al.
(2005) and Janda and Abbott (2010), A. hydrophila can
produce several haemolytic toxins with virulence
activities, causing haemolytic anaemia. In contrast, fish
leucocytes were found to increase gradually following
injection with bacteria. The improvement of leucocytes
post injection could be due to their ability to combat
bacteria invading the fish immune system. These findings
are similar to a past study, which found increased
leucocyte levels in juvenile and adult Victoria Labeo
(Labeo victorianus) challenged with A. hydrophila (Ngugi
et al., 2015). The biochemical mechanism(s) that lead to
MBE-fed fish leucocytes being increased during infection
is(are) yet to be clearly determined. Nevertheless, Sujatha
et al. (2019) observed that flavonoids have antibacterial
properties and can inhibit bacterial growth, reduce the
erythrocyte haemolysis counts that are caused by bacterial
infection, protect erythrocyte membranes (Asgary et al.,
2005), cause erythropoiesis and maintain the heme iron
(Shatoor, 2011).

Activated platelets can release cytokines and
chemokines, modulating the immune function that relates
to pathogenesis (Faggio et al., 2017). The current study
found that the PLT of subgroups of MBE-fed fish (TG5) in
the challenge test had increased significantly. However,
decreased PLT was observed in the control subgroup
(CG2) following 48 h post injection. This finding is in
accordance with a previous study revealing that Clarias
gariepinus injected with 2.00 ppm aqueous extracts of
Lepidagathis alopecuroides leaves showed the highest
value of PLT (Gabriel et al., 2009). Phytochemicals from
bulb extracts of M. pendens containing flavonoids were
reported to have various benefits, such as platelet function
modulation (Vallance et al., 2019) and provision of
antioxidants with positive effects against pathogens. In
addition, some flavonoids possess anti-platelet aggregation
effects (Faggio et al., 2017).

The lymphocytes, monocytes and granulocytes lead to
the production of antibodies and respond to antigens that
act as mediators both in cellular and humoral immune
processes (Soltanian and Fereidouni, 2016). Fish with and
without MBE in the diet were found in the present work to
significantly increase lymphocytes, monocytes and
granulocyte following 24 h post A. hydrophila injection.
The lymphocyte counts of all fish subgroups stabilised
after 24 h, whereas the granulocytes of the subgroups of
MBE-fed fish were constant 48 h post challenge. Based on
Sivagurunathan et al. (2011) report, monocytes which play
an important role in protecting fish against bacteria via the
immune defence system, can transform into macrophages,
which phagocytose pathogens at the first recognition site
and subsequent infections. Meanwhile, Neutrophils, one of
the granulocyte types, are also involved in bacterial
phagocytosis activity during initial infections.

5. Conclusion

Myrmecodia pendens bulb extract inclusion in the diet
of Clarias gariepinus is beneficial for enhancing blood
indices and improving immune function. A diet containing
1% Myrmecodia pendens bulb extract in the feed of
Clarias gariepinus is recommended for protecting fish
against Aeromonas hydrophila. However, further research
is required to determine the role of the active
phytochemical ingredient in the MBE that is involved in
immune function system in fish, including cellular and
molecular responses. Finally, field research is also
necessary before applying MBE extract as an
immunostimulant to tackle bacterial disease in fish
cultures.

Acknowledgement

The current project is funded by Kemenristekdikti
(Ministry of Research and Technology General Higher
Education) through Penelitian Dasar Unggulan Perguruan
Tinggi (PDUPT) 2019, contract number
179/UN.17.41/KL/2019. All authors also thank the
Research Center of Medicine and Cosmetic from Tropical
Rainforest Resources, PUI PT OKTAL, Mulawarman
University for its support, and the Faculty of Mathematics
and Natural Sciences, Mulawarman University, East
Kalimantan, Samarinda for the various facilities provided.

References

Afzali S and Wong W. 2019. Effects of dietary supplementation
of Sonneratia alba extract on immune protection and disease
resistance in goldfish against Aphanomyces invadans. Trop
Biomed., 36: 274-288.

Aliko V, Qirjo M, Sula E, Morina V and Faggio C. 2018.
Antioxidant defense system, immune response and erythron
profile modulation in gold fish, Carassius auratus, after acute
manganese treatment., Fish Shellfish Immunol. 76: 101-109.

Asgary S, Naderi G and Askari N. 2005. Protective effect of
flavonoids against red blood cell hemolysis by free radicals., Exp
Clin Cardiol. 10: 88.

Ashraf M and Bengtson DA. 2007. Effect of tannic acid on feed
intake, survival and growth of striped bass (Morone saxatilis)
larvae., Int J Agric Biol. 9: 751-754.

Ayik SB. 2009. Hematological parameters and erythrocyte
osmotic fragility in rainbow trout, Oncorhynchus mykiss,
experimentally infected with Pseudomonas putida., JFAS. 4: 246-
253.

Chen N, Jiang J, Gao X, Li X, Zhang Y, Liu X, Yang H, Bing X
and Zhang X. 2018. Histopathological analysis and the immune
related gene expression profiles of mandarin fish (Siniperca
chuatsi) infected with Aeromonas hydrophila. Fish Shellfish
Immunol., 83: 410-415.

Dharmaratnam A, Swaminathan TR, Kumar R and Basheer V.
2018. Aeromonas hydrophila associated with mass mortality of
adult goldfish Carassius auratus (Linnaeus 1758) in ornamental
farms in India. Indian J Fish., 65: 116-126.

dos Santos AC, Sutili FJ, Heinzmann BM, Cunha MA, Brusque
ICM, Baldisserotto B and Zeppenfeld CC. 2017. Aloysia triphylla
essential oil as additive in silver catfish diet: Blood response and
resistance against Aeromonas hydrophila infection. Fish Shellfish
Immunol., 62: 213-216.



468 © 2020 Jordan Journal of Biological Sciences. All rights reserved - Volume 13, Number 4

El Mesallamy AM, El-Marakby HI, Souleman AM and EI-Naby
FSA. 2015. Evaluation of phenolic extract of licorice roots in diets
of Nile tilapia (Oreochromis niloticus). Egypt Pharmaceut J., 14:
117.

Faggio C, Sureda A, Morabito S, Sanches-Silva A, Mocan A,
Nabavi SF and Nabavi SM. 2017. Flavonoids and platelet
aggregation: a brief review. Eur J Pharmacol., 807: 91-101.

Fatriadi F, Kurnia D and Satari MH. 2018. Antibacterial activity
of ethyl acetate fraction from methanolic extracts of ant-plant
tubers towards Streptococcus sanguis ATCC 10566. Padjadjaran
J Dentistry., 30: 190-193.

Gabriel U, Obomanu F and Edori O. 2009. Haematology, plasma
enzymes and organ indices of Clarias gariepinus after
intramuscular  injection with aqueous leaves extracts of
Lepidagathis alopecuroides., Afr J Biochem Res. 3: 312-316.

Gartika M, Pramesti HT, Kurnia D and Satari MH. 2018. A
terpenoid isolated from sarang semut (Myrmecodia pendans) bulb
and its potential for the inhibition and eradication of
Streptococcus mutans biofilm. BMC Complement Altern Med., 18:
151.

Hamsar MN and Mizaton HH. 2012. Potential of ant-nest plants
as an alternative cancer treatment. J Pharm Res., 5: 3063-3066.

Hardi E, Saptiani G, Kusuma |, Suwinarti W and Nugroho R.
2018. Evaluation of traditional plant extracts for innate immune
mechanisms and disease resistance against fish bacterial
Aeromonas hydrophila and Pseudomonas sp. In: IOP Conference
Series: Earth and Environmental Science., p 012003.

Hertiani T, Sasmito E, Sumardi and Ulfah M. 2010. Preliminary
study on immunomodulatory effect of sarang-semut tubers
Myrmecodia tuberosa and Myrmecodia pendens. Online J Biol
Sci., 10: 136-141.

Hoai TD, Trang TT, Van Tuyen N, Giang NTH and Van Van K.
2019. Aeromonas veronii caused disease and mortality in channel
catfish in Vietnam. Aquaculture., 734425.

Jaafar RM, Ohtani M, Kania PW and Buchmann K. 2016.
Correlation between leukocyte numbers and body size of rainbow
trout. Open J Immunol., 6: 101.

Janda JM and Abbott SL. 2010. The genus Aeromonas:
taxonomy, pathogenicity, and infection. Clin Microbiol Rev., 23:
35-73.

Lestari W, Yusry WN, Iskandar SH, Ichwan SJ, Irfan NI and
Suriyah WH. 2019. Gene expression of selected apoptotic markers
in human oral squamous carcinoma HSC-3 cell line treated with
Myrmecodia pendans plant extract. Makara J Health Res., 23: 10.

Maulida NF, Yanuaritamala B, Yanuar A, Saputri FC and Mun'Im
A. 2018. Optimization of Microwave-Assisted extraction to obtain
optimum antioxidant activity and anthocyanin concentration from
Myrmecodia pendens tubers using response surface methodology.
Pharm Res., 10: 253.

Ngugi CC, Oyoo-Okoth E, Mugo-Bundi J, Orina PS, Chemoiwa
EJ and Aloo PA. 2015. Effects of dietary administration of
stinging nettle (Urtica dioica) on the growth performance,
biochemical, hematological and immunological parameters in
juvenile and adult Victoria Labeo (Labeo victorianus) challenged
with Aeromonas hydrophila. Fish Shellfish Immunol., 44: 533-
541.

Nugroho RA, Hardi EH, Sari YP, Aryani R and Rudianto R. 2019.
Growth performance and blood profiles of striped catfish
(Pangasianodon  hypophthalmus) fed leaves extract of
Myrmecodia tuberosa. Nusantara Bioscience., 11: 89-96.

Nugroho RA, Manurung H, Nur FM and Prahastika W. 2017.
Terminalia catappa L. extract improves survival, hematological
profile and resistance to Aeromonas hydrophila in Betta sp. Arch
Pol Fisheries., 25: 103-115.

Nugroho RA, Manurung H, Saraswati D, Ladyescha D and Nur
FM. 2016. The effects of Terminalia catappa leaf extract on the
haematological profile of ornamental fish Betta splendens.
Biosaintifika: Journal of Biology and Biology Education., 8: 241-
248.

Rosa I, Rodrigues P, Bianchini A, Silveira B, Ferrari F, Bandeira
Junior G, Vargas A, Baldisserotto B and Heinzmann B. 2019.
Extracts of Hesperozygis ringens (Benth.) Epling: in vitro and in
vivo antibacterial activity against fish pathogenic bacteria. J Appl
Microbiol., 126: 1353-1361.

Sari YP, Kustiawan W, Sukartiningsih S and Ruchaemi A. 2017.
The potential of secondary metabolites of Myrmecodia tuberosa
from different host trees. Nusantara Bioscience., 9: 170-174.

Shatoor AS. 2011. Acute and sub-acute toxicity of Crataegus
aronia syn. azarolus (L.) whole plant aqueous extract in wistar
rats. Am J Pharmacol Toxicol., 6: 37-45.

Shen Y, Wang D, Zhao J and Chen X. 2018. Fish red blood cells
express immune genes and responses. Aquaculture Fisheries., 3:
14-21.

Sinclair HA, Heney C, Sidjabat HE, George NM, Bergh H, Anuj
SN, Nimmo GR and Paterson DL. 2016. Genotypic and
phenotypic identification of Aeromonas species and CphA-
mediated carbapenem resistance in Queensland, Australia. Diagn
Microbiol Infect Dis., 85: 98-101.

Sivagurunathan A, Amila Meera K and Xavier Innocent B. 2011.
Investigation of immunostimulant potential of Zingiber officinale
and Curcuma longa in cCrrhinus mrigala exposed to p.
Aeruginosa-haematological assessment. IJRAP., 2: 899-904.

Soeksmanto A, Subroto M, Wijaya H and Simanjuntak P. 2010.
Anticancer activity test for extracts of sarang semut plant
(Myrmecodya pendens) to HeLa and MCM-B2 cells. PJBS., 13:
148.

Soltanian S and Fereidouni MS. 2016. Effect of Henna (Lawsonia
inermis) extract on the immunity and survival of common carp,
Cyprinus carpio infected with Aeromonas hydrophila. IAR., 8:
247-261.

Sujatha R, Siva D and Nawas P. 2019. Screening of
phytochemical profile and antibacterial activity of various solvent
extracts of marine algae Sargassum swartzii. WSN., 115: 27-40.

Tamamdusturi R and Yuhana M. 2016. Administration of
microencapsulated probiotic Bacillus sp. NP5 and prebiotic
mannan oligosaccharide for prevention of Aeromonas hydrophila
infection on Pangasianodon hypophthalmus. JFAS., 11: 67.

Vallance TM, Ravishankar D, Albadawi DA, Osborn HM and
Vaiyapuri S. 2019. Synthetic Flavonoids as Novel Modulators of
Platelet Function and Thrombosis. Int J Mol Sci., 20: 3106.

Velazquez-Carriles C, Macias-Rodriguez ME, Carbajal-Arizaga
GG, Silva-Jara J, Angulo C and Reyes-Becerril M. 2018.
Immobilizing yeast f-glucan on zinc-layered hydroxide
nanoparticle improves innate immune response in fish leukocytes.
Fish Shellfish Immunol., 82: 504-513.

Xie J, Wang W, Dong C, Huang L, Wang H, Li C, Nie S and Xie
M. 2018. Protective effect of flavonoids from Cyclocarya paliurus
leaves against carbon tetrachloride-induced acute liver injury in
mice. Food Chem Toxicol., 119: 392-399.

Xuan T, Hoang HA and Tam L. 2018. Stability and activity of
TG25P phage in control of Aeromonas hydrophila in striped
catfish pond water. AJSTD., 21: 64-70.

Yu H, Zhang Y, Lau Y, Yao F, Vilches S, Merino S, Tomas J,
Howard S and Leung K. 2005. Identification and characterization
of putative virulence genes and gene clusters in Aeromonas
hydrophila PPD134/91. Appl Environ Microbiol., 71: 4469-4477.



Volume 13, Number 4, December 2020
ISSN 1995-6673
Pages 469 - 475

JIBS

Jordan Journal of Biological Sciences

In vitro Antibacterial Activity of Cell Free Fermentation
Supernatant of Passiflora edulis forma flavicarpa Sims. Fruit
Fermented by de Man, Rogosa and Sharp Media

Safarini Marwah."?, 1if H. Rosyidah'? Ni M.Mertaniasih*, Muhammad
N.S.B.Hamzah®, Kholis A. Novianti!, Riesta Primaharinastiti', Dian Rahmawaty* and
Isnaeni Isnaeni®
'Department of Pharmaceutical Chemistry, 2Magister student of Magister Program, Faculty of Pharmacy, *Doctoral student of Doctoral
Program, Faculty of Pharmacy, Universitas Airlangga, Mulyorejo, Surabaya 60115, “Department of Microbiology, Faculty of Medicine,

UniversitasAirlangga, Mayjen Prof. DR.Moestopo 6-8, Surabaya 60268, Indonesia;*PAPRSB Institute of Health Sciences, Universiti Brunei
Darussalam, Tungku Link, Gadong BE1410, Brunei

Received: September 25, 2019; Revised: December 9, 2019; Accepted: December 21, 2019

Abstract

Antibacterial activities of cell free fermentation supernatant (CFFS) of passion fruit (Passiflora edulis forma flavicarpa
Sims.) fermented in de Man-Rogosaand Sharpe (MRS) broth media against Staphylococcus spp., Methicillin-Resistant
Staphylococcus aureus (MRSA), and Extended Strain Methicillin-Resistant (ESBL) Escherichia coli have been investigated.
The fermentation broth was derived from 24 and 48 hours cultures collection after rotary shaking incubation at 37°C. A
bioassay was performed using well diffusion agar method on nutrient agar media, incubated at 37°C for 24 hours. Minimum
inhibitory concentration and potency of the CFFS were determined using kanamycin, streptomycin, vancomycin,
erythromycin, and amoxicillin as standards. It was found that the fermentation broth containing 32 x 10* CFU/g exhibited
inhibitory activity against S. Aureus ATCC 25923 and S. epidermidis FN-6 after 24 hours similar to 48 hours fermentation.
The anti-bacterial activities of 24 hours fermentation supernatant against all the test bacteria were almost similar. The
characteristic of the CFFS indicated the acid property with pH of 3+ 0.1. Lactic acid bacteria were detected by biochemical
identification based on catalase, Gram staining, motility, H,S, indol, Simon citrate, and VVoges Proscower tests. Thin layer
chromatography-contact bioautography was developed by KH,PO, solution as eluent and E.coli as a test bacterium showed
two spots by which two clear inhibition zones were obtained. The prospective of CFFS passion fruit as a potential

antibacterial substance source is recommended for future development.

Keywords: Antibacterial activity, passion fruit, fermentation supernatant, Staphylococcus spp, ESBL, MRSA.

1. Introduction

Nowadays, the use of natural ingredients as raw
materials in drug development is beginning to be in
demand among the pharmaceutical industry communities.
According to World Health Organization (WHO) data,
about 80% of the world population are using products
based on medicinal herbs. Plants, especially those with
ethnopharmacological uses, have been the primary sources
of medicine for early drug discovery (Sofija, 2017).
During the last 10 years, the discovery of new antibiotic
drugs is not considered comparable with the prevalence of
antibacterial resistance, so research for the discovery of
antibiotic raw materials began to be directed at natural
sources (Asirvathamdoss, et al., 2008).

Passion fruit (Passiflora edulis), a member of the
Passifloraceae family, is also well-known as markisa fruit.
It has more than 500 species (Paull and Duarte, 2012; Reis
et al., 2018). The plant originated from Brazil and has

scattered to other countries in Asia, Australia, Africa,
India, South America, and the Caribbean. It has other
variants that can be identified by the color of their fruits
such as yellow which is P. edulis forma flavicarpa, purple
which is P. edulis forma edulis, and orange which is P.
edulis var. caerulea (Reis et al., 2018). The plant parts
(flower, leaves, stem, fruits, and roots) have several
medicinal effects and have been used traditionally. The
flower is the part that is used mostly for its calming effect,
anticonvulsant and antihypertensive properties, which are
useful for patients with anxiety and insomnia. However, it
is not as potent as Passiflorain carnata flower (Ramaiya et
al., 2014). Meanwhile, the fruits are almost round or oval
in shape; about 4cm to 8cm in diameter, and mainly used
as food since they have a juicy orange pulp. The pulp is
sweet-sour in flavicarpa variant and sweeter in both edulis
and caerulea variant. The skin is tough, smooth, and waxy
but wrinkles when it is ripe. The seed is numerous, hard,
small, and pitted inside the fruit. It has many common
names according to the country they are grown in such as

“ Corresponding author e-mail: isna.yudi@gmail.com;isnaeni@ff.unair.ac.id.
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‘markisa’ in Indonesia and Malaysia, ‘limangkan’ in Laos,
‘maracuya peroba’ in Portugal, ‘maracuja-do-campo’ in
Brazil (Paull and Duarte, 2012; Aziz, 2016).

The fruits contain good amount of nutrients which are
good for dietary consumption and have numerous
phytochemicals such as glycosides including flavonoids
(Ingale and Hivrale, 2010), e.g. luteolin-6-C-chinovoside,
luteolin-6-C-fucoside,  cyanogenic  glycosides, e.g.
passibiflorin, epipassibiflorin, passicapsin, passicoriacin,
epipassicoriacin, cyanogenic-b-rutinoside, epitetraphyllin
B, amygdalin, prunasin, triterpenoid  glycosides,
e.g.passiflorine), and salicylate glycosides. Other
chemicals such as b-carboline alkaloids harman, harmine,
harmaline and harmalol, phenols, carotenes, and g-lactones
are also found in the fruit (Bernes et al., 2007). Passion
fruit is a fruit that has a high nutritional value where there
are many multimineral contents and various vitamins, as
well as high carbohydrates and water (Zibadi and Watson,
2004). These compounds may become the prospect of
antimicrobial, antioxidant, anticancer,and anticarcinogenic
(Ramaiya et al., 2014; Oliveira et al., 2016). Reis et al
(2018) mention that the compound is also associated with
antiplatelet, antiviral, antiallergic, and anti-inflammatory
activities. Furthermore, the plant parts of the passion fruit
including the peel extract and the pulp are positively tested
for antibacterial and antifungal activity on certain
microbial tested (4). It has been reported that antibacterial
and antifungal compound has been isolated by Birner and
Nicolls as cited by Ramaiya et al (2014).

In recent years, there have been many studies on the
antimicrobial activity of the Passiflora edulis plant by
which is strong to moderate inhibition both in Gram-
positive and Gram-negative has been exhibited. Extracts
from the leaves and flowers of the plant Passiflora edulis
are able to inhibit the growth of pathogenic bacteria such
as V. Cholerae, Pseudomonas aeroginosa, Escherichia
coli, Bacilus subtilis (Ingale and Hivrale, 2010),
Salmonella typhi, Staphylococcus aureus, Streptococcus
pyrogens, and Bacebuspenilis (Asirvathamdoss, et al.,
2008).

There have been numerous studies of passion fruit for
its phytochemical properties; however, there are no reports
concerning the antibacterial activities of the pulp of fruit
fermented by de Man Rogose and Sharp (MRS) media
against pathogenic bacteria. Zahroh (2014) has reported
lactic acid bacteria (LAB) isolated from the passion fruit
Passiflora edulis var. Sims. Some LAB have been known
as sources of bioactive substances included antimicrobial.
This study has performed antibacterial activities of cell-
free fermentation supernatant (CFFS) of Passiflora edulis
forma flavicarpa fruit against ESBL Escherichia coli,
MRSA, and some species of Staphylococcus and non-
ESBL Escherichia coli. Screening active substances by
Thin Layer Chromatography-contact bioautography have
also been reported.

2. Materials and Method

2.1. Plant source and determination

The yellow passion fruits (Figure 1) were collected
freshly from a local farm in Sidoarjo, harvested in April
2019. The passion fruit plant was identified and
determined based on the taxonomy character of leaf,
flower, fruit, steam plant, and recommended by

Herbarium Malangensis, Department of Biology,
Faculty of Math and Science, Universitas Negeri
Malang as Passiflora edulis forma flavicarpa, Sims.

2.2. Sample preparation, fermentation, and
characterization

The passion fruits were washed and dried before they
were divided into two parts and the 5 gram of fruit pulps
were weighed and put into 50 mL of MRS broth media to
be fermented with rotary shaker at 150 rpm and at 37°C for
48 hours. The fermentation broth was taken after 24 hours
of fermentation, centrifuged, and the supernatant was
collected for characterization and bioassay.

2.3. Determination of Total Plate Count (TPC)

The supernatant was then made into a serial dilution of
1:10 until 107 using sterile normal saline solution. Each of
the serial dilutions was inoculated on the MRS (Oxoid,
UK) agar and incubated at 37°C for 24 hours. Cell growth
was observed and the plating colonies were counted using
bacteria colony counter.

2.4. Inoculum preparation.

The selected bacteria strain was transferred aseptically
to sterile saline water, vortex, and then the turbidity was
measured using spectrophotometer against the sterile
saline water to obtain 25% Transmittance (about 10°
CFU/ml of bacteria) turbidity or optical density at 580nm
(Isnaeni et al., 2019).

2.5. Bacterial inhibitory activity.

Screening inhibitory activity of the passion fruit was
performed after 24 and 48 hours fermentation. The
bioassay was done by well agar diffusion method using
NA media and Staphylococcus aureus ATCC 25923,
Escherichia coli ATCC 8739, ESBL and MRSA bacteria
obtained from RSUD Dr. Soetomo as test bacteria. The
test media were prepared by pour plate method. 10-12 mL
of melted NA (45-50°C) were poured into the empty sterile
petri disk, used as a base layer. The seed layer was
prepared by adding 3-5 pL of 25 % transmittance of the
test bacteria inoculum into 8 mL of the melted NA, mixed
well with vortex, poured on the surface of the base layer,
and allowed it to solidify. The well was made by bored
with 7 mm in diameter. Each well reservoir was filled with
50 pL of the solution test. Incubation was performed at
37°C for 24 hours. Growth inhibitory zone diameter was
measured by digital caliper (Isnaeni, 2019).

2.6. Thin Layer Chromatography-contact bioautography

The developing chamber used was CAMAG Chamber
(10x10) with lid and was prepared aseptically. Hence, the
size of the TLC plate used was 6cm x 10cm and it was
dried at 100°C for 20 minutes before developing. The
solvent used was 7.5% of KH,PO, solution. The samples
used were 20uL for each spot and “overspot” loading was
used to concentrate the samples on one spot over again
after the previous spot has dried. The samples were CFFS
of passion fruit of 24-hour fermentation, streptomycin
(100ul/ml), and kanamycin (100uL/ml) used as standard.

The Contact Bioautography was performed after the
developed TLC plate had completely dried from the
residual solvent and contacted, silica gel side down, onto
the Escherichia coli seed layer as the test bacterium in the
petri dish. The agar plate and the contacted plate were
stored in the refrigerator for 1 hour to allow the diffusion
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of the active substances in the chromatogram into the seed
layer. Furthermore, the plate was removed from the agar
plate,then incubated for 24 hours at 37°C. The growth of
the E. coli and the inhibition zone were observed.

2.7. Minimum Inhibitory Concentration.

Determination of the minimum inhibitory concentration
(MIC) of the passion fruit CFFS was done using the agar
dilution method, where a number desired volume of the
supernatant (1ml, 2ml, and 3ml) were mixed with the NA
media. Then it was inoculated with six test bacteria by
streaking using Ose needle about 1cm on the surface of the
NA medium. Multiple replicates were performed on the
same agar plate. The agar plates were then incubated at
37°C for 20-24hours. An agar plate without the passion
fruit CFFS was performed as the negative control. Serial
dilution of CFFS had been applied form 100%, 75%, 50%,
25%, 12.5%, and 6.25% of concentration on the paper disk
with volume capacity of 10uL, placed on the surface of
NA agar inoculated by E.coli as a test bacterium. Zone of
growth inhibitory activity was observed after 20-24 hours
of incubation.

3. Results

3.1. Characteristic of Free Cell Fermentation
Supernatant

Performance of the fermentation broth of passion fruit
in MRS media (Table 1) was brownies in color, pH value
6+0.1 before and decreased to 3+0.1 after 24 and 48 hours
fermentation. Total plate count in MRS and NA media was
133 10°® and 32 x 10* CFU / mL respectively. Several
colonies suspected Lactobacilli and Streptococci were
found, based on the identification of the isolates with

biochemical reactions (Gram staining, catalase, and
motility test, conformed to vitek-2).

Table 1.Characteristic of CFFS passion fruit fermented in MRS
media

Parameters Characteristics

Organoleptic Liquid, browns colour

Odor Specific smell of passion fruit

pH 6 + 0.1 (0 hours), 3+0,1 (24 hours)
Lﬁ?\;g;?;e countin MRS and 33 103 and 32x10°CFU/mI
Inhibitory activity at 0 hour - (S. aureus and E.coli)
incubation

Inhibitory activity at 24 hours + (S. aureus and E.coli)

incubation

Inhibitory activity at 48 hours + (S. aureus and E.coli)

incubation

Lactic acid bacteria screening + based on Gram staining,
morphology, catalase and motility test,
conformed to
VITEK-2

3.2. Antibacterial activity

The CFFS of passion fruit screening growth inhibitory
activity against S. aureus ATCC 25923 showed that the
potency of the CFFS after 24 hours and 48 hours
fermentation was almost similar (Table 2 and Figure 1), as
well as the activity against S. epidermidis FN-6 (Figure 2),
ESBL, and non-ESBL E. coli after 24 hours of
fermentation (Figure 3). Subsequent tests were carried out
for fermented broth after incubation for 24 hours on
several Staphylococcus spp. and E. coli (Table 2). The agar
well diffusion test performed to 5 different strains of E.
coli showed that the CFFS of passion fruit presented
inhibitory activity against five different strains of E. coli
with the zone of inhibition diameter from 13.80 mm to
22.05 mm (Figure 4).

Table 2. Inhibitory activities of CFFSpassion fruit after 24 hours fermetation againts various test bacteria

Zone of growth Inhibition (mm)

Bacteria CFFS Van 8ppm  Cefat 8 ppm Strep 8 ppm  Am 16 ppm Ery 8 ppm
Exteded Spectrum Beta Lactamase 17,78 £ 0,60
Escherichia coli ATCC 8739 17,47 +0.57
ESBL E.coli6110 15,10 +1,17
ESBL E.coli6024 16,33+0,31
ESBL E.coli5949 20,65 + 0,69
Staphylococcus aureus ATCC 25923 17,76 £1,12 16.63+0.05 20.00+0.00 22.98+3.15 19.88+0.65 21.35+0.00

MRSA 1513 +1.03

Staphylococcus epidermidis FNG-1 15,68 + 0,86
Staphylococcus epidermidis FNG- 2 16,83+ 0,47
Staphylococcus epidermidis FNG- 3 15,80 + 0,68
Staphylococcus epidermidis FNG-4 16,48+ 0,41
Staphylococcus epidermidis FNG-5 16,99 + 0,39
Staphylococcus epidermidis FNG-6 15,43 +0,44
Staphylococcus epidermidis FNG-7 16,16 + 0,59
Staphylococcus epidermidis FNG-8 17,03+0,24
Staphylococcus epidermidis FNG-9 17,06 £ 0,24
Staphylococcus epidermidis FNG-10 17,80+1,12

Diameter of agar hole =7 mm.Van= Vancomycin, Cefad= Cefadorxil, Strep= Streptomycin, Am = Amoxycilin , Ery = Erythromycin

Figure.1. Growth inhibitory activity of passion fruit CFFS in
MRS media against S. aureus ATCC 25923 after incubation at
37°C for 24 hours (A) and 48 hours (B).

Figure.2. Growth inhibitory activity of paséion fruit CFFS in
MRS media against S. epidermidis FN-6 (A) and S. aureus
ATCC 25923 (B) after incubation at 37°C for 24 hours.
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3.3. Minimum inhibitory concentration

The MIC of CFFS passion fruit was performed after
antibacterial sensitivity was done. Figure 5 depicted the
sensitivity of CFFS against six test bacteria. The agar
dilution test of the CFFS had shown that the negative
control agar plate (without CFFS addition) was covered
with full growth of all test bacteria, while the agar plate
with 1mL of the CFFS had shown inhibition to most of the
inoculated area with few insignificant bacterial growths.
Furthermore, the agar plate with 2mL and 3 ml of the
CFFS had completely inhibited all microbial growth

Figure.3. Growth inhibitory activity of passion fruit CEFS in (Table 3). Table 3 showed the susceptibility test of the
MRS media against ESBL 6110 (A), non-ESBL E.coli (B), and agar dilution test against the test bacteria. In addition,
ESBL 6024 (C) after incubation at 37°C for 24 hours. determination of MIC using serial dilution of 10 uL CFFS
25 100%, 75%, 50%, 25%, 12.5%, and 6.25 % applied on the
sterile paper disk indicated that 75% of exhibited zone of
g growth inhibitory activity were less than 13 mm,
z meanwhile the 50% CFFS solution did not exhibit
Fh inhibitory activity.
Egz 10 3.4. Statistical analysis
z Statistical analysis using Kruskal Wallis test was
] performed to evaluate the significant difference of
ol inhibitory activity of the CFFS against bacterial tests.

C S @”Q@@ ‘?,g;@ @ .‘? @ 6\ & 6\ & @@\ From the analysis results, it was obtained Asymp sig value

& & && & L& o o oF oF o that was 0,000. CFFS provided the greatest inhibitory
o é,q, %Q. %@v A activity on ESBL E. coli 5949 and the smallest one in
Bacteria strain Staphylococcus epidermidis FNG-6.

Figure 4.Average diameter (mm) of zone inhibition of CFFS
againts test bacteria

Table 3. Sensivitity test of six test microbial against passion fruit CFFS after 24 hours using streak method

Volume of CFFS added to 10 ml nutrient agar media

. Positive Control
Bacteria . 1mL 2mL 3mL
(Without CFFS)

R1 R2 R3 R1 R2 R3 Rl R2 R3 R1 R2 R3

ESBL + + + + - - - - - - - -

E ESBL6110 + + + - - - - - - - - -

E ESBL6024 + + + - - - - - - - - -

E ESBL5949 + + + - - - - - - - - -

E ESBL8739 + + + - - + - - - - - -

SA ATCC 25923 + + + - - + - - - - - -
R = Replicate

Figure 5. Sensitivity of six test bacteria against CFFS on Nutrient Agar mediaESBL E. coli, 2. NA-broth, 3. ESBL 6024, 4. ESBL 5949,
non-ESBL E.coli ATCC 8739, S.aureus ATCC 25923, M-Media: media without CFFS, M-1 mL: NA Media + 1 mL of CFFS, M-2 mL: NA
Media + 2 mL of CFFS.
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4. Discussion

Passion fruit, as well as other fruits, is a suitable habitat
for the growth of lactic acid bacteria (Askari et al., 2012)
and even probiotics, due to their adequate nutritional
content. White and Sharareh (2018) have reported the
results of their research on the fermentation process of
Lactobacillus rhamnosus GR-1 using apple, orange, and
grape juice. The main fermentation products that can be
directly detected and dominant are lactic acids and other
organic acids, thereby reducing the pH value in the
fermentation process. In this study, pH value of the CFFS
decreased at 24 hours of evaluation from 6 to 3. It was
reported that passion fruit by-product stimulates the
growth and folate production by starters and probiotic
cultures in fermented soymilk (Mac et al., 2017). The
fermentation process using inulin apparently accelerates
growth by up to 10 times compared to being stored in a
refrigerator. The potential of the CFFS passion fruit as
lactic acid bacteria by which many useful substances
produced by fermentation processes might prospectively
develop.

In this study, it has also been proven that before the
fermentation process, the viability of the cell colonies in
MRS media was less than 30 and increased to 32 x 10
CFU / mL after 24 hours of incubation. The MRS is a
selective medium for the growth of lactic acid bacteria
(Askari et al., 2012). Before the fermentation process,
CFFS passion fruit also did not show inhibitory activity
against all test bacteria (Table 1). Antimicrobial activity of
dried fruit has been widely reported (Aziz et al., 2006).
This phenomenon proves the importance of the presence of
active compounds in fruit (Ingale and Hivrale, 2010; Reis
et al., 2018) as antimicrobial. Asirvathamdos et al. (2008)
have reported in-vitro antimicrobial activity of passion
fruit extract, but the effect of the fermentation process in
selective media MRS for probiotic growth and
antibacterial activities has not yet been reported.
Fermentation with MRS media leads to increase the
population of lactic acid bacteria that are able to produce
lactic acid and other organic acids, as well as other active
ingredients that can act as anti-bacterial. Therefore, the
CFFS passion fruit was not only effective as a source of
active compounds, but also a source of lactic acid bacteria
that have various activities. The accumulation of inhibitory
activity against pathogenic microbes is very interesting to
be further studied in order to detect the dominant
component contributing as an antibacterial.

Pathogenic bacteria used as test bacteria ESBL, MRSA,
and non-ESBL E.coli and Staphylococcus spp. are usually
resistant bacteria group against methicillin and beta lactam
antibiotics, in which in this research was represented by
vancomycin,  meropenem,  cefadroxil, amoxicillin,
streptomycin, kanamycin, and erythromycin. The
antibiotics standard solutions used at the CFFS passion
fruit showed intermediate until sensitive against some test
bacteria at 100%/50uL with MIC of 10% (Table 2, Figures
5 and 6). Antibacterial activity data from CFFS compared
with various bacteria test were analyzed using the IBM
SPSS ver 24 program. From the results of normality
testing requiring one group of samples that had a sig value
<0.05, we could obtain abnormal data distribution results.

Statistical analysis was using the non parametric
Kruskall Wallis method with a confidence degree of 0.95
(o = 0.05). From the analysis results, it was obtained
Asymp sig value of 0,000, so that the p value was<0.05. It
can be said that there were significant differences between
the antibacterial activity of CFFS with the type of bacteria
test. CFFS provides the greatest inhibitory activity on
ESBL E. coli 5949 and the smallest one on Staphylococcus
epidermidis FNG-6. However, this phenomenon cannot
prove the inhibitory potential of bacteria based on their
Gram bacteria. The CFFS has a broad spectrum activities,
but its inhibitory potential will depend on these individual
bacterial strains. Therefore, further research is needed for
this matter. In the future, it is interesting to examine the
passion fruit CFFS activities on Mycobacterium
tuberculosis (MTB) and Multi Drugs Resistant (MDR)-TB
and other MDRs. On the other hand, the CFFS has
potential opportunity to improve as an antimicrobial
instant preparation.

The results of active substances identification by TLC-
contact bioautography showed that CFFS contained two
active compounds and the TLC chromatograms could be
detected by UV lamps (Figure 7), but the Rf value of
active compound on the TLC-bioautograms was still
needed to be further investigated, whether it was derived
from the same compounds as detected with UV lights.
Based on the TLC chromatogram developed by a single
eluent of KH,PO, solution with a pH of 6.5, which was
able to eluate the active compound with Rf 0.4-0.5
(tailing), the active compound was predicted to be polar.
The TLC-bioautography method was very suitable for
screening active compounds for both identification and
separation through eluent system optimization. A very
simple method can separate the active compound
components from natural ingredients, two or more
compounds from the same class, for example, the
antibiotic streptomycin aminoglycosides and kanamycin
(Febri et al, 2019) that have been validated (Isnaeni et al.,
2019).

Figure 6. Determination of MIC of 10 pL CFFS on the paper disk
against S. aureus (A) and E. coli (B) on NA mediaat 100%, 75%,
50%, 25%, 12.5%, and 6.25% concentration.

Figure 7. TLC-Chromatogram of CFFS on Silica Gel GF,s4 using
7.5% KH,PO, solution as eluent under UV lamp detection (A) and
TLC-contact bioautogram using E.coli as a test bacterium (B).
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5. Conclusion

Cell-free fermentation supernatant of passion fruit
(Passiflora edulis forma.flavicarpa Sims.) is recommended
to be developed as a source of active substances for
antibacterial against pathogenic bacteria event for multi
drugs resistant. The active substance might be a polar
compound. Furthermore, isolation, separation, and
purification to obtain the active isolates or novel
substances are very interesting to be studied in the future.
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Abstract

Klebsiella pneumoniae (K. pneumoniae) is a pathogenic bacteria responsible for a wide spectrum of infections in both
hospital and community settings. A total of 66 isolates of K. pneumoniae were collected from different clinical sources in
Palestine. The aim of this study was to determine the frequency of virulence genes in K. pneumoniae isolates using PCR
technique, hypermucoviscosity (HMV) phenotype and antibiotic resistance profile. Rate of resistance to antibiotics was as
follows: Trimethoprim/sulphamethoxazole (89%), Amoxicillin/clavulanic acid (82%), Aztreonam (77%), Tetracycline
(71%), Ceftriaxone (67%), Imipenem (59%), Kanamycin (58%), Ceftazidime (56%), Levofloxacin (44%) and Ciprofloxacin
(40%). In addition, isolates recovered from urine samples showed higher resistance (P < 0.05) against Imipenem,
Ceftriaxone, Ceftazidime and Amoxicillin/clavulanic acid than isolates recovered from throat swabs. The prevalence of
multidrug resistant K. pneumoniae isolates was 90.9%. Moreover, 5% of isolates were positive for HMV phenotype test. The
prevalence of capsular polysaccharide genes among K. pneumoniae isolates was as follows: cps (100%), K1 serotype
(21.1%), K2 serotype (11.7%), p-rmpA2 (15.2%), c-rmpA (7.6%), P-rmpA (12.1%), and magA (0.0%). The results of this
study showed that 87% of rmpA genes are detected in non K1/K2 isolates and approximately 25% of tested isolates carried
K1 serotype or K2 serotype or both serotype genes. Based on distribution of virulence factors, 3 (4.5%) strains were
identified as probable hypervirulent K. pneumoniae. The presence of K1 or K2 or both serotype genes in these isolates
together with other genes such as rmpA and high level of drug resistance should make bacteria a highly infectious agent,
which leads to failure of treatment. Overall, this study demonstrates the significant role of rapid diagnosis and proper

treatment of infections caused by this pathogen.

Keywords: K. pneumoniae, virulence factor, rmpA genes, K1 serotype gene, K2 serotype gene, magA gene, capsule polysaccharide

synthesis (cps) gene, Palestine.

1. Introduction

Klebsiella pneumoniae is considered as a widespread
human pathogen that is responsible for a broad spectrum
of infections in both hospital and community settings.
Klebsiella pneumoniae is also considered as a common
animal pathogen associated with multiple infections,
including mastitis in dairy cows (Janda and Abbot, 2009;
Pan et al., 2015). Pathogenicity of K. pneumoniae depends
on different virulence factors including lipopolysaccharide
antigen (O-antigen), fimbriae, capsular polysaccharides (K
antigen) and siderophores (Schembri et al., 2005; Vuotto
et al., 2017). Each of these factors plays a particular
function in the pathogenesis depending on the mode of
infectivity and the type of infection (Janda and Abbott,
2006).

The incidence of bacterial infections has been
increasing in the past few decades. This has led to the
continuous and uncontrolled use of antibiotics for
prevention and treatment in most parts of the world.
Consequently, the emergence of multidrug resistance
(MDR) among different strains of pathogens including K.
pneumonia has increased. One of these mechanisms used

“ Corresponding author e-mail: adwang@najah.edu.

for transmitting multi-drug resistance among microbial
pathogens is horizontal spread of antibiotic resistance
genes among bacteria. The efflux pump systems are
among the most important causes of MDR (Wasfi et al.,
2016).

The capsule is considered one of the most essential
virulence factors in K. pneumoniae, which is associated
with biofilm formation and protection of the pathogen
from phagocytosis, serum bactericidal activity and
antimicrobial peptides (Struve and Krogfelt, 2003; Lin et
al., 2013; Pan et al., 2015). Currently, there are about 79
capsular types recognized in different Klebsiella sp. strains
(Pan et al., 2015). Some of these types are K1 and K2
serotypes, which are considered as the most virulent from
non-K1/K2 strains (Lin et al., 2004). Another gene, which
is known as mucoviscosity associated gene A (magA) is
restricted to the capsule gene cluster serotype K1 and the
chromosomal K2 capsule associated gene A (k2A) for the
K2 serotype (Yu et al., 2006; Doud et al., 2009). This gene
is more prevalent in strains isolated from human liver
abscesses (Fang et al., 2004; Lee et al., 2006). Existence
of this gene in these strains is associated with
hypermucoviscosity (HMV) phenotype and eradication
resistance by human serum and phagocytosis (Fang et al.,
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2004; Lee et al., 2006). The rmp (regulator of the mucoid
phenotype) genes play a pivotal role in hyper-production
of mucoid phenotype in K. pneumoniae strains. The rmpA
gene is plasmid-mediated (p-rmpA) or chromosomal-
mediated (c-rmpA), which gives the strains a highly
enhanced mucoviscous phenotype, regulates the capsular
polysaccharide synthesis and participates in neutrophilic
phagocytosis resistance (Yeh et al., 2007; Cheng et al.,
2010; Ko et al., 2017). In addition, it was shown that rmpA
gene is associated with strains related to invasive
infections (Yu et al., 2006).

Molecular detection of capsule polysaccharide genes
and other associated genes has been reported in different
countries. A recent study conducted in Brazil showed that
the prevalence of K2 serotype and K1 serotype genes
among K. pneumoniae isolates was 4% and 0%,
respectively (Ferreira et al., 2019). Several studies carried
out in Iran showed that the prevalence of virulence factors
in K. pneumoniae isolated from different clinical samples
was 6.9%-27.82%, 6.96%-32.9%, 13.91%-20.2% and
3.8% for of K1 serotype, K2 serotype, rampA and magA
genes, respectively (Ranjbar et al., 2019; Moghadas et al.,
2018; Zamani et al., 2013; Feizabadi et al., 2013). In Iraq,
it was found that 100% of clinical isolates of K.
pneumoniae had capsule polysaccharide synthesis (cps)
gene ,18.6% had K1 serotype, 32.6% had K2 serotype, 7%
had KI1\K2 serotypes and 41.9% were non-K1/K2
serotypes. Other genes were also detected such as magA,
rmpA, rmpAl and rmpA2 and the prevalence was 25.6%,
48.8%, 44.2% and 44.2%, respectively (Abdul-Razzaq et
al., 2014). Also, it was shown that 57.5 % K. pneumoniae
had K1 capsular serotype, 27.5 % had K2 serotype and 15
% had non-K1/K2 serotype. In addition, the prevalence of
magA, k2A and rmpA genes was 57.5 %, 27.5 % and 27.5
%, respectively (Al-Jailawi et al., 2014).

A recent study from China, the hypermucoviscosity, as
well as magA, K1 and K2 serotypes in K. pneumoniae
isolates accounted to 30.7%, 45.4%, 40.5%, and 19.0%,
respectively (Zhang et al., 2019). In another study carried
out in China, the hypervirulent K. pneumoniae was
recognized in 31.4% of the infected patients with
bacteremia, and in this study 4 serotypes K1, K2, K20, and
K57 were identified (Liu et al., 2014). In Taiwan, it was
found that 98% of K. pneumoniae strains recovered from
liver abscess were magA™® (Fang et al, 2004).
Additionally, it was shown that 38.5% of tested K.
pneumoniae isolates had a HMV phenotypes. The
existence of rmpA and/or rmpA2 gene was confirmed in
approximately 91% of these isolates, while these genes
found only in about 18% of the isolates did not show
HMV phenotype. The K1 and/or K2 serotypes were
present in 16.5% of the isolates, the rmpA and/or rmpA2
gene were detected in 46.2% of the isolates, with rmpA
found in 38.5% and rmpA2 in 45.1% of the isolates. The
magA gene was shown to coexist in 8.8% isolates with K1
serotype (Lee et al., 2010). Another study conducted in
Taiwan showed that the frequency of K1 and K2, rampA
and HMV phenotype was 0.0% and 7.7%, 0.0% and 0.0%
respectively, from K. pneumoniae peritoneal dialysis-
related peritonitis,while the frequency was 5.6%, 9.3%,
29.6% and 27.8% for K1, K2, rampA and HMV
phenotype, respectively, from K. pneumoniae isolated
from urinary tract infection (Lin et al., 2015). In Spain, 53
of invasive and hypermucoviscous phenotypic K.

pneumoniae isolates, 30.2% of these isolates had a
genotype magA™*/rmpA**¢, 22.6% magA “/rmpA™, and
the remaining 47.2% magA "/rmpA™°. Results of this
study showed that all isolates had a genotype
magA™*/rmpA* were K1 serotype, while 75% of the
isolates that had a genotype magA */rmpA*™® were K2
serotype (Cubero et al., 2016).

This study aimed to determine the frequency of
virulence factor encoding genes in K. pneumoniae isolates,
such as cps, K1 serotype and K2 serotype genes, magA, p-
rmpA ,c-rmpA, and p-rmpA2 using PCR technique, from
patients in Northern West Bank-Palestine. Additionally,
we wanted to determine the phenotypic characterization
including HMV and antibiotic resistant phenotypes for
these isolates. This report based on detection of these
virulence genes using PCR seems to be the first report
from Palestine.

2. Materials and Methods

2.1. Bacterial Strains Collection and Identification

A total of 66 non-duplicate isolates of K. pneumoniae
were collected from clinical sources as shown in Table 1.
These isolates were recovered from in-patients and out-
patients from different hospitals in Northern West Bank-
Palestine during 2019 (Table 1). Duplicate isolates were
excluded. Identification of these isolates was carried out in
laboratories of these hospitals by APl 20 E system and
confirmed using conventional methods in microbiology
research laboratory, at An-Najah National University.
Table 1. Source of 66 of K. pneumoniae isolates collected from
different hospitals.

Hospital Sample source (n) Total
wound urine Sputum Trap swab  Blood

N 5 1 0 1 12

w 0 3 0 0 0

T 0 1 0 1 0 2

J 0 6 0 2 0 8

TH 0 2 0 0 0 2

R 0 23 0 10 0 33

S 0 3 2 1 0 6

Total= 5 43 3 14 1 66

N: An-Najah National University Hospital; W: Alwatany
Hospital; T: Al-Turk Hospital; J: Jenin Governmental Hospital;
TH: Thabet Hospital, R: Rafidia Hospital; S: Nablus Specialist
Hospital.

2.2. Antibacterial Resistance

Antimicrobial susceptibility was determined according
to the Clinical and Laboratory Standard Institute (CLSI)
using the disk diffusion method (CLSI, 2017). All K.
pneumoniae isolates were examined for resistance to
Ceftazidime (CAZ, 30pg), Ciprofloxacin (CIP, 5pg),
Aztreonam (ATM, 30pg), Imipenem (IPM, 10 pg),
Levofloxacin (LEV, 10upg), Ceftriaxone (CFX, 30upg),
Trimethoprim/Sulphamethoxazole (SXT, 1.25/23.75ug),
Tetracycline (TE, 30ug), Kanamycin (K, 30ug) and
Amoxicillin/Clavulanic acid (AMC, 20/10 ug). The plates
were incubated at 37°C for 18-24 hrs. The inhibition zones
were measured, and isolates were classified as resistant,
intermediate or susceptible according to the criteria
recommended by CLSI guidelines (CLSI, 2017). The K.
pneumoniae isolates resistant to three or more classes of
antimicrobial agents were considered MDR strains. The
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reference strain of K. pneumoniae ATCC 13883 was used
as a quality control in all of the experiments of
antimicrobial susceptibility testing.

2.3. String Test for Hypermucoviscosity

The string test for HMV detection was carried out as
described previously (Fang et al., 2004). The tested strains
were inoculated on 5% sheep blood agar plates and
incubated at 37°C overnight. A standard bacteriologic loop
was used to stretch a mucoviscous string from the colony.
Hypermucoviscosity was defined by the formation of
viscous string, which has a length of >5 mm, when a loop
was used to stretch the colony on blood agar plate (positive
string test).

2.4. DNA lIsolation and PCR Amplification
2.4.1. DNA isolation

Genome of K. pneumoniae was prepared for PCR
according to the method described previously (Adwan et
al., 2013). Briefly, the cells were scraped off an overnight
MHA plate, washed with 800 pL of 1X Tris-EDTA buffer
(10 mM Tris-HCI, 1 mM EDTA [pH 8]), centrifuged, and
the pellet was resuspended in 400 pL of sterile double
distilled H O, and boiled for 10-15 minutes. The cells
were incubated on ice for ten minutes. The debris were
pelleted by centrifugation at 11,500 X g for five minutes.

The DNA concentration was determined using a nanodrop
spectrophotometer (Genova Nano, Jenway). The DNA
samples were stored at -20°C.

2.4.2. PCR Amplification

The presence of 7 virulence genes was investigated
using uniplex PCR. Primer sequences, size of amplicons
and the annealing temperatures for detection these genes
are presented in Table 2. For detection of these genes, each
PCR reaction consisted of 12.5 uL of PCR premix with
MgCI2 (ReadyMixTM Tag PCR Reaction mix with
MgCl12, Sigma), 0.2 uM of each primer, 3 pL (50-100 ng)
of DNA template. A negative control without a DNA
template and a positive control strain (department
collection) possessing a tested genes were used during
PCR. The cycling conditions were: initial denaturation for
3 minutes at 94°C; followed by thirty-five cycles of
denaturation at 94°C for fifty seconds, annealing
temperature for each pair of primers is mentioned in Table
2 for fifty seconds, and extension at 72°C for two minutes,
followed by a single final extension step at 72°C for five
minutes. The PCR products were resolved by
electrophoresis on 1.5 % agarose gel to determine the size
of amplified fragments after staining with a final
concentration of 0.5 pg/ml ethidium bromide.

Table 2. Target genes for PCR amplification, primer sequences, size of amplicons and annealing temperatures used.

gene Primer sequence 5'—3’ Ta* Amplicon size
cpsF GCT GGT AGC TGT TAA GCC AGG GGC GGT AGC G .
cps 59°C 398 Brisse et al., 2004
cpsR TGT ACA AGA TCC ATT TTC AGC CCCGCTGTC G
K1 K1F GTA GGT ATT GCA AGC CAT GC .
50°C 1046 Linetal., 2015
serotype  K1R GCC CAG GTT AAT GAATCC GT
K2 K2F GGA GCC ATT TGA ATT CGG TG .
50°C 1121 Linetal., 2015
serotype K2R TCC CTA GCA CTG GCT TAAGT
prmpA2F CTT TAT GTG CAATAAGGATGT T
p-rmpA2 50°C 451 Lee et al., 2010
prmpA2R CCT CCT GGA GAG TAAGCATT
c-rmpA crmpAF TGG CAG CAG GCA ATATTG TC
53°C 1006 Fang et al., 2007
crmpAR GAA AGA GTG CTT TCA CCC CCT
prmpAF TAC TTT ATATGT AAC AAG GAT GTA AAC ATAG
p-rmpA 56°C 441 Fang et al., 2007
prmpAR CAG TAG GCA TTG CAG CAC TGC
magAF TAG GAC CGT TAATTTGCT TTG T
magA 52°C 795 Struve et al., 2005

magAR GAA TAT TCC CAC TCC CTC TCC

*Ta: Annealing temperature

2.5. Statistical Analysis

Generated data was analyzed by Z-test using SPSS
software version 20. A P < 0.05 values were considered
statistically significant.

3. Results

3.1. Antibacterial Resistance

In general, the results of this study showed that
bacterial isolates had high resistance rate to most
antimicrobial agents tested. These isolates showed high
resistance rate against Trimethoprim/sulphamethoxazole
(89%), Amoxicillin/clavulanic acid (82%), Aztreonam
(71%) and Tetracycline (71%), while these isolates
showed resistance rate 44% and 40% against Levofloxacin
and Ciprofloxacin, respectively. The antimicrobial
resistance profile of these isolates is presented in Table 3.
Also, results showed that about 91% of the isolates were

MDR. In addition, isolates recovered from urine samples
showed higher resistance (P < 0.05) against Imipenem,
Ceftriaxone, Ceftazidime and Amoxicillin/clavulanic acid
than isolates recovered from throat swabs. Data are
presented in Table 4. However, the prevalence of antibiotic
resistance was not significant (P < 0.05) between isolates
recovered from males and females. Data are presented in
Table 5.
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Table 3. Antibiotic resistance profile of 66 K. pneumoniae
isolates recovered from different clinical samples.

Antibiotic resistance

Antibiotic n (%)*
S I R

Imipenem 20(30) 7(11) 39(59)
Ceftriaxone 17(26) 5(8) 44 (67)
Ceftazidime 26(39) 3(5 37 (56)
Aztreonam 13 (20) 2(3) 51 (77)
Ciprofloxacin 28 (42) 11 (17) 27 (41)
Levofloxacin 36 (54) 1(2) 29 (44)
Kanamycin 13 (20) 15(22) 38 (58)
Trimethoprim/sulphamethoxazole 7 (11) 0 (0) 59 (89)
Amoxicillin/clavulanic acid 7(11) 5(8) 54 (81)
Tetracycline 19 (29) 0 (0) 47 (71)

*n: number of isolates; S: Susceptible; I: Intermediate; R:

Resistant

Table 4. Antibiotic resistance rates according to the source of

isolates.
Antibiotic Sample source (n)** Total
Urine Throat Wound Sputum Blood
n=43 swab n=5  trap n=1
n=14 n=3
Imipenem 27 4 5 (100) 2 1 39 (59)
(62.8)* (28.6)* (66.7) (100)
Ceftriaxone 31 6 3(60) 3(100) 1 44 (67)
(72.1)* (42.9)* (100)
Ceftazidime 26 4 3(60) 3(100) 1 37 (56)
(60.5)* (28.6)* (100)
Aztreonam 34 10 3(60) 3(100) 1 51 (77)
(79.1) (71.4) (100)
Ciprofloxacin 16 5 2 (40) 3(100) 1 27 (41)
(37.2) (35.7) (100)
Levofloxacin 20 4 1(20) 3(100) 1 29 (44)
(46.5) (28.6) (100)
Kanamycin 25 6 3(60) 3(100) 1 38 (58)
(58.1) (42.9) (100)
Trimethoprim/ 39 12 5 (100) 2 1 59 (89)
Sulphamethoxazole (90.7) (85.7) (66.7)  (100)
Amoxicillin/ 39 6 5(100) 3(100) 1 54 (81)
clavulanic acid (90.7)* (42.9)* (100)
Tetracycline 31 9 4(80) 2 1 47 (71)

(72.1) (64.2)

(66.7) (100

*significant at p < 0.05; **n: number of isolates

Table 5. Antibiotic resistance rates according to the to patients'

3.2. Hypermucoviscosity Testing

Results of the current study showed that among 66 of
K. pneumoniae isolates, only 3 (5%) isolates recovered
from urine, sputum trap and throat swab displayed
hypermucoviscous phenotype. These isolates showed
multidrug resistance to different tested antibiotics. In
addition to cps gene, these isolates carried K1/K2 (urine
sample), p-rmpA2 (sputum trap sample); however, the
third isolate (throat swab) was negative for other tested
genes.

3.3. Detection of Virulence Genes

Virulence related genes were studied by uniplex PCR.
The prevalence of cps, K1, K2, p-rmpA2, c-rmpA, P-rmpA
and magA genes among K. pneumoniae isolates was 100%,
21.1%, 11.7%, 15.2%, 7.6%, 12.1% and 0.0%,
respectively. Data are presented in Figure 1 and Table 6.
Results in Table 6 indicate the presence of statistically
significant difference (p < 0.05) in the prevalence of p-
rmpA2 and P-rmpA genes between isolates recovered from
urine and throat swab samples in favor of throat swab
samples.

L12 3 4567 L

100-hp
Figure 1. Uniplex PCR profile specific for genes responsible for
capsular polysaccharides production. Lanes L represent 100-bp
ladder; lane 1 represents cps gene (398-bp); lane 2 represents K1
serotype gene (1046-bp); lane 3 represents K2 serotype gene
(1121-bp); lane 4 represents c-rmpA gene (1006-bp); lane 5
repesents magA gene (795-bp); lane 6 represents p-rmpA2 gene
(451-bp) and lane 7 represents p-rmpA gene (441-bp) .

Table 6. Virulence gene profiles of 66 K. pneumoniae recovered
from different sample sources.

gender.
Antibiotic Gender Total
Male (38)  Female (28)
Imipenem 21(55.2) 18 (64.2) 39 (59)
Ceftriaxone 23 (60.5) 21 (75) 44 (67)
Ceftazidime 18 (47.3) 19 (67.8) 37 (56)
Aztreonam 27 (71) 24 (85.7) 51 (77)
Ciprofloxacin 12 (31.5) 15 (53.5) 27 (41)
Levofloxacin 14 (36.8) 15 (53.5) 29 (44)
Kanamycin 22 (57.8) 16 (57.1) 38 (58)
Trimethoprim/ 34 (89.3) 25(89.2) 59 (89)
Sulphamethoxazole
Amoxicillin/clavulanic acid 31(51.5) 23(82.1) 54 (81)
Tetracycline 27 (71) 20 (71.4) 47 (71)

Virulence Sample source (n) Total
gene Urine Throat Wound Sputum Blood
n (%)**  (43) swab (5) trap (3) (1)

(14)
cps 43 (100) 14(100) 5(100) 3(100) 1 (100) 66 (100)
K1 10(23.2) 3(21.4) 1(20.0) 0(0.0) 0(0.0) 14(21.2)
K2 9(209) 1(7.1) 1(200) 0(0.0) 0(.0) 11(11.7)
p-rmpA2 3(7)* 5(35.7)* 1(20) 1(33.3) 0(0.0) 10(15.2)
c-rmpA  5(16.7) 0(0.0) 0(.0) 0(.0) 0(0.0) 5(7.6)
P-rmpA 2 (4.7)* 6(42.9)* 0(0.0) 0(0.0) 0(0.0) 8(12.1)
magA 0(0) 0(O0) 0(.0) 0(.0) 0(©.00) 0(.0

*significant at p < 0.05; **n: number of isolates

The findings of the current study showed that 32
(48.5%) K. pneumoniae isolates carried 2 or more
virulence genes. The most predominant patterns were cps,
K1 serotype, K2 serotype (10.6%) and cps, p-rmpA2
(7.5%). The data presented in Table 7 indicate the
presence of statistically significant difference (p < 0.05) in
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the prevalence of cps, p-rmpA, p-rmpA2 pattern between
isolates recovered from urine and throat swab samples in
favor of throat swab samples. Also, results showed that
87% of p-rmpA, c-rmpA, p-rmpA2 genes are detected in
non K1/K2 isolates and approximately 25% of tested K.
pneumoniae carried K1 serotype or K2 serotype or both
serotype genes. In addition, distribution of these virulence
genes between MDR isolates and non-MDR isolates
showed the presence of statistically significant difference
(p < 0.05) in the distribution of p-rmpA gene between
isolates recovered from urine and throat swab samples in
favor of throat swab samples. Data are presented in Table
8. While distributingon of virulence genes according to
patients' gender, results showed the presence of
statistically significant difference (p < 0.05) in the
distribution of p-rmpA gene between isolates recovered
from males and females in favor of isolates recovered from
females. Data are presented in Table 9.

Table 7. Virulence patterns identified among 66 K. pneumoniae
recovered from different sample sources.

Table 9. Virulence gene profiles of 66 K. pneumoniae isolates
distributed according to patients' gender

Virulence gene Gender (n)** Total

n (%) Male (38) Female (28)

CPS 38 (100) 28 (100) 66 (100)
K1 9 (23.6) 5(17.8) 14 (21.2)
K2 6 (15.7) 5(17.8) 11 (11.7)
p-rmpA2 2(5.2)* 8 (28.5)* 10 (15.2)
c-rmpA 4 (10.5) 1(3.5) 5 (7.6)
p-rmpA 3(7.8) 5(17.8) 8(12.1)
magA 0(0.0) 0(0.0) 0(0.0)

Virulence Sample source (n) Total
gene Urine Throat Wound Sputum Blood

pattern (43) swab  (5) trap (3) (1)

n (%)** (14)

cps, K1, K2 5(11.6) 1(7.1) 1(20) 0(0.0) 0(0.0) 7(10.6)
cps, p-rmpA 2 (4.6)  2(143) 0(0.0) 0(0.0) 0(0.0) 4(6.1)

cps, p-rmpA, 0(0.0)* 4 0(0.0) 0(0.0) 0(0.00 4(6.1)
p-rmpA2 (28.6)*
cps, K1 2(4.6) 2(143) 0(0.0) 0(0.0) 0(0.0) 4(6.1)

cps, p-rmpA2 2 (4.6) 1(7.1) 1(20) 1(33.3) 0(0.0) 5(7.5

cps, c-rmpA 3 (7.0) 0(.0)0 0(0.0) 0(0.0) 0(0.0) 3(45)

cps, K1, K2, 2 (4.6) 0(0.00 0(0.0) 0(0.0) 0(0.0) 2(3.0)

c-rmpA

cps, K2 2(4.6) 0(0.00 0(0.0) 0(0.0) 0(0.0) 2(3.0)

cps, K1, p-  1(2.3) 0(.00 0(0.0) 0(0.0) 0(0.0) 1(1.5)

rmpA2

Cps 24(55.8) 4(28.6) 3(60) 2(66.7) 1(100) 34 (51.5)
Total 43(100) 14 (100) 5(100) 3 (100) 1(100) 66 (100)

*significant at p < 0.05; **n: number of isolates

Table 8. Distribution of virulence genes in MDR isolates and
non-MDR isolates.

Virulence genes  MDR isolates Non-MDR isolates Total

n (%) n (%)
cps 60 (100) 6 (100) 66 (100)
K1 12 (20) 2(33.3) 14 (21.1)
K2 10 (16.7) 1(16.7) 11 (16.7)
p-rmpA2 8(13.3) 2(33.3) 10 (15.2)
c-rmpA 5(8.3) 0(0.0) 5(7.6)
p-rmpA 5(8.3)* 3 (50)* 8(12.1)

n: number of isolates; *significant at p < 0.05

In addition, in this study 3 (4.5%) strains were
identified as probable hypervirulent K. pneumoniae.
These strains carried cps, K1, K2, c-rmpA (n=1) and cps,
K1, p-rmpA2 (n=1). All these probable hypervirulent
strains were MDR.

*significant at p < 0.05; **n: number of isolates

4. Discussion

Klebsiella pneumoniae is a major pathogen that can
cause nosocomial and community acquired infections.
This pathogen harbors numerous virulence factors, which
help this microorganism to cause infections. The isolates
of K. pneumoniae had high-level of resistance rate against
most antimicrobial agents tested and most of them were
MDR isolates. This may be due to misuse of antibiotics at
clinical settings. This is also influenced by the deficiency
of a clear national antibiotic policy and over-the-counter
antibiotic availability in this country (Adwan et al., 2014,
2016a; 2016h). Additionally, rates as high as 84% of MDR
K. pneumoniae isolates were detected in other studies
(Ferreira et al., 2019). Antibiotic efflux pumps are
considered as one of the most important antimicrobial
resistance mechanisms used by this pathogen. Existence of
the multidrug efflux pump system is significantly
correlated with the MDR pattern (Wasfi et al., 2016;
Ferreira et al., 2019).

The results of this study indicate that all tested K.
pneumoniae isolates carried the cps gene, which agrees
with previously published research (Abdul-Razzaq et al.,
2013; 2014). The presence of capsule in K. pneumoniae is
considered one of the most vital virulence determinants. It
helps in biofilm formation and enhances resistance to
antibiotics by minimizing the binding of antimicrobial
peptides to bacterial surface. In addition, it is an important
factor that contributes in protecting the pathogen from
phagocytosis process as well as serum bactericidal activity
(Struve and krogfelt, 2003; Chung et al.,2008; Lin et al.,
2013; Pan et al., 2015; Theophano et al., 2017).

In this study, among the 66 K. pneumoniae isolates
collected from different clinical specimens, 3 (5%) isolates
showed HMV phenotype. One of these isolates carried
K1/K2 serotype genes, and the other carried p-rmpA2 gene.
However, the third isolate was negative for all tested
genes. Two of these 3 isolates, which showed HMV
phenotype, were magA™*/rmpA™®. This may be due to
these strains having mutations in these genes, which might
have a potential effect on the primer annealing sites. Our
findings agree with Cubero et al.,2016, who found that
47.2% of hypermucoviscous isolates were magA™*/rmpA
V¢, However, this result is in conflict with previous studies
carried out in Taiwan (Yu et al.,2006) and Iran (Zamani et
al., 2013; Shakib et al.,2018) which showed that 38.5% of
K. pneumoniae isolates in Taiwan were positive to HMV
phenotype, and 14.3% and 60.95% of K. pneumoniae
isolates were positive to HMV phenotype in Iran. In a



480 © 2020 Jordan Journal of Biological Sciences. All rights reserved - Volume 13, Number 4

study carried out by Shakib et al.,(2018), only 30% of
isolates which had HMV phenotypes were rmpA*™ or
magA™*®. Another study in Iran showed that 33.48% of K.
pneumoniae isolates were positive to HMV phenotype
(Nahavandinejad and Asadpour, 2017). In Taiwan, most of
the strains which showed positive HMV phenotype
(91.4%) were rmpA*™™ or rmpA2**¢, while these genes
were found only in 17.9% of the isolates without HMV
phenotype (Yu et al.,2006). In another study in Taiwan, it
was found that the frequency of both rampA and HMV
phenotype was 0.0% from K. pneumoniae peritoneal
dialysis-related peritonitis. However, the frequency of both
rampA and HMV phenotype was 29.6% and 27.8%,
respectively, from K. pneumoniae isolated from urinary
tract infection (Lin et al,, 2016). In a recent study in China,
45.7% of K. pneumonia showed HMV phenotype (Liu and
Guo, 2019). Furthermore, K. pneumoniae isolates
exhibited the hypermucoviscosity phenotype were not
limited to magA gene (Nahavandinejad and Asadpour,
2017). These conflictions in results could be related to the
sample source. In most of those studies, K. pneumoniae
isolates were invasive and collected from liver abscess and
meninges infections.

According to K markers, K. pneumoniae can be
grouped into 4 serotypes including K1 group, K2 group,
K1/K2 group, and non K1/K2 group. Results of this study
showed that the prevalence of K1 serotype was higher than
K2 serotype. These results were consistent with a
previously published reports (Lee et al., 2010; Al-Jailawi
et al., 2014; Cubero et al., 2016; Akbari et al., 2017;
Thonda and Oluduro, 2018; Ranjbar et al., 2019; Zhang et
al., 2019). However, these were in contrast to other studies
(Lin et al., 2004; Feizabadi et al., 2013; Abdul-Razzaq et
al., 2014; Lin et al., 2015; Moghadas et al.,2018; Ferreira
et al., 2019). In a recent study in Iran carried out by Shakib
et al., (2018), 70 K. pneumoniae isolates collected from
different clinical sources, demonstrated that the incidence
of K2 serotype gene among these isolates was 0.0%
(Shakib et al., 2018). In another study in Iran, the
frequency of K1, K2 and non-K1/K2 serotypes was
10.77%, 6.15%, 83.07%, respectively (Akbari et al.,
2017). In the current research, approximately 25% of the
isolates carried the K1 or K2 or K1/K2 serotype genes,
which gives an indication that these isolates are more
virulent than other isolates.

Outcomes of this research showed that the prevalence
of magA gene was 0.0% among K. pneumoniae isolates
recovered from different sources. This result was in
contrast to other studies which showed that the prevalence
of this gene ranged from 1.4%-98% (Fang et al., 2004;
Struve et al., 2005; Zamani et al., 2013; Nahavandinejad
and Asadpour, 2017; Shakib et al., 2018; Thonda and
Oluduro, 2018). The presence of magA gene in clinical
isolates of K. pneumoniae plays an important role in
serious infections such as septicemia, bacteremia, and
pneumonia as well as lung and liver abscesses (Chung et
al., 2007), HMV, protecting the pathogen from phagocyte
and serum bactericidal activity (Lee et al., 2006). This
gene is considered as a diagnostic marker of invasive K.
pneumoniae strains. Numerous studies have shown that
magA is more prevalent among K1 serotype strains (Struve
et al., 2005; Yu et al., 2006; Lin et al., 2006; Abdul-
Razzaq et al., 2014). This may be due to that this gene is

located in cps gene cluster K1 of K. pneumoniae (Yu et al.,
2006; Hsueh et al., 2013).

Results of the current study showed that the frequency
of p-rmpA ,c-rmpA ,p-rmpA2 with the prevalence of
(12.1%), (7.6%) and (15.2%) respectively. Most p-rmpA,
c-rmpA and p-rmpA2 genes are detected in non K1/K2
isolates. This result is consistent with a previously
published study (Abdul-Razzaq et al., 2014), which
showed that rmpA genes were more prevalent in non
K1/K2 serotype isolates. Results of our study were in
contrast to previously published report (Al-Jailawi et al.,
2014), which showed that rmpA genes were more
prevalent in serotype K2. In this study, the frequency of
rmpA genes among isolates was 28.8%, while the
frequency of these genes in literature ranged from 15%-
46.2% (Lee et al., 2010; Al-Jailawi et al., 2014;
Nahavandinejad and Asadpour, 2017; Thonda and
Oluduro, 2018). The rmpA genes are plasmid or
chromosomal-mediated (prmpA or crmpA ), which confers
highly enhanced mucoviscous phenotype and participates
in neutrophilic phagocytosis resistance (Yeh et al., 2007;
Ko et al., 2017). The coexistence of magA and the rmpA or
rmpA2 genes in the K. pneumoniae isolates increased the
occurrence of expression of the HMV phenotype in these
isolates (Lee et al., 2010). In addition, it was shown that
rmpA*™® extended-spectrum B-lactamases (ESBL-) K.
pneumoniae strains had greater pathogenic potential than
rmpA™®  ESBL-K. pneumoniae and non-ESBL-K.
pneumoniae strains (Lin et al., 2016).

It is important to note that genes encoding rmpA, K1, or
K2 were highly associated with the hypervirulent variant
of K. pneumoniae (Ferreira et al., 2019), which can cause
serious community acquired infection. In this study, 3
(4.5%) strains were identified as probable hypervirulent K.
pneumoniae. These strains carried cps, K1, K2, c-rmpA
(n=2) and cps, K1, p-rmpA2 (n=1). All these probable
hypervirulent strains were MDR. This result is consistent
with a recent report from Egypt, which showed that 6.2%
strains were identified as probable hypervirulent K.
pneumoniae (EL-Mahdy et al., 2018). However, this result
was in contrast to another study from Brazil, which
showed that there was no strains with molecular
characteristics of the hypervirulent K. pneumoniae
(Ferreira et al., 2019).

According to the results obtained in this study,
approximately 25% of isolates were found to be positive
for either K1 serotype or K2 serotype or both K1 and K2
serotype genes. In addition, the presence of rmpA genes in
these isolates gave an indication that some of these isolates
may be more highly virulent than others. The presence of
these virulence factors accompanied by high level of drug
resistance should make bacteria a highly infectious agent
and lead to failure of treatment. This study explained the
significance and the value of rapid diagnosis and proper
treatment of infections caused by K. pneumoniae in order
to achieve prevention of complicated infections.
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Abstract

The study of protein structure is an important research area in computational biology. Several algorithms have been used to
predict the structure of the protein, but still it is a time consuming and challenging task as the dataset is increased day by day.
The Proposed Work Enhanced Fuzzy Random Forest (EFRF) scrapes information from various websites allowing us to get
class labels for our unsupervised data set. Afterward, Feature Vectors have been used to generate a transformed view of the
protein sequences, which are then used as input to the proposed EFRF classifiers for prediction of secondary structure like
alpha, Beta sheet, and Coil. Subsequently, Nave Bayers (NB), Support Vector Machine (SVM) classifiers have been used to
compare and contrast precision and accuracy. The experiment shows that the proposed solution EFRF achieves an accuracy

of 96% compared to the SVM 75 % and NB 41%.

Keywords: Protein, Machine learning, Protein secondary structure, Random forest, Fuzzy, Bioinformatics and Feature Vector.

1. Introduction

Proteins are the multifaceted and essential building
blocks for living organisms. They show a vital role in the
development of cell body, structure, and functions.
Different Proteins are made up of different structures,
resulting in unique functionality. They are made from
peptide bonds and amino acids sequence. Amino acid is
made up of the carboxylic and amino groups. They help in
the formation of a peptide bond by releasing H20. Mainly,
proteins are formed from twenty different amino acids, and
each twenty amino acids have been represented by a
Universal coding scheme. When each of these amino acids
joins together, they form a chain called polypeptide chain.
Out of twenty different amino acids, nine are marked as
vital for the human body, as nine of these amino acids
need to be taken as supplements. As drug development
requires a particular knowledge of the binding sites of
candidate compounds, a well-predicted structure helps in
the computational screening and optimizing candidate
compounds. Identifying the mechanism by which a protein
functions and how it folds is of great curiosity for
researchers and developers.

Prediction of protein function and structure is a
challenging task in bioinformatics (Kumar, 2015). A
suitable structure prediction mechanism helps the
researcher in finding the essential functions. In the past,
different computation techniques have been developed for
prediction of primary, secondary, tertiary, and quaternary
structure (Quan et al., 2016; Brender and Zhang, 2015;
Carnevali et al., 2003; Lee et al., 1996; Mandal and Jana,

“ Corresponding author e-mail: manisekharsr@gmail.com.

2012; Benitez and Lopes, 2010). While extracting protein
secondary structure, selection of the right algorithm and
feature extraction techniques are very important. Many
statistical methods have been proposed, but their
computation performance is not sufficient for huge and
multifaceted biological datasets. Meanwhile, as the data
size is increasing by date, still it is a challenging task for
prediction of protein secondary structure, resulting in
incessant growth of high throughput analytical model.
However, identification of protein secondary structure
helps in the understanding of protein tertiary structure and
also offers perception of protein function.

Currently, researchers are working on Machine
learning and template-based learning methodologies for
structure prediction. A multi-classifier can perform quite
better than the single classifier and allows it to handle a
complex and huge dataset. Subsequently, extend its
support in handling missing data and reducing noise level
Bonissone et al.(2008a, 2008b).

Random Forest works on the principle of the decision
tree. It is one of the most popular algorithms in
bioinformatics, as it is comparatively easy to use and
robust against imperfect records for experimental
biological problems (Yang, 2010; Smolarcyzk and Stapor,
2018; Cao et al., 2016; Jo and Cheng, 2014). In (Bankapur
and patil, 2018), authors have used SXGbg and CE
approaches for feature extraction. After successful retrieval
of the essential features, the author has used different
machine learning for classification like KNN, SVM, and
RF for structure prediction. As sequence finding and
resolution play an important role in protein structure,
prediction author (Hu, et al., 2018) used loop with 2-15
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amino acids and matrix score to cover more area for
protein structure computation. (Li et al., 2011) has used RF
algorithm for secondary structure prediction. They have
developed a method called ProC_S3, working on an RR
contact map, and with top 600 features. (Jai and Hu, 2011)
Proposed a method for predicting B -hairpin motifs using
the RF algorithm by incorporating several properties.
There result shows that RF performs better compared to
other algorithms.

In proposed work author has presented a method called
EFRF for the identification of protein secondary structure.
The work focuses on the creation of multi-classifier by
incorporating random forest (RF) technique (Breiman,
2001), subsequently feature vector has been generating.
For inadequate values, random forest is constructed using
fuzzy techniques. The integration of Random forest with
fuzzy logic makes system more dynamic and helps in
overcoming ambiguous data (Bonissone et al., 2010), but
the accuracy of system also depends upon the selected
features; if the selected features are not effective even the
good algorithm can result in poor accuracy. In this work
we have selected features which have direct correlation
with 3D structure of the protein; later, these features are
combined in a matrix to improve the efficiency of the
vector.

This paper is organized as follows: section Il provides a
brief discuss about the different approaches used in protein
structure prediction. In section Ill, a proposed EFRF
methodology and its architecture for protein secondary
structure are proposed and discussed. Section 1V illustrates
the implementation of the proposed work. Later, Dataset
and achieved result are discussed in section V. Finally,
section VI discusses the conclusion part.

2. Related Work

As evolutionary and syntactical based evidence is not
adequate for extraction of valuable feature from the protein
sequences, (Sudha et al., 2018) proposed an Enhanced
Artificial Neural Network (ANN) for prediction of protein
Structural Class and Fold Recognition. They have used
physic chemical information and FCS technique for
feature extraction by integrating FCS methodology. The
result shows that Enhanced ANN performs well in RDD,
EDD, TG, DD datasets. Here computation is based on the
limited features. Performance can be further increased by
introducing evolutionary and syntactical feature and also
by latest feature extraction techniques.

A bio-inspired computing approach for prediction of
protein secondary structure is presented in (Yavuz et al.,
2018). Here the computation is performing in two different
stages; in first stage, they used clonal selection algorithm
(CSA) for data training. Later in the second stage, they
used a deep learning technique called multilayer
perceptron for classification. The result shows that dataset
trained from CSA performs well. The proposed solution
aims to improve by introducing fuzzy logic in
classification.

(Hasic et al., 2017) uses a multi neural network method
and consensus function for prediction of proteins
secondary structure. These methods result in lowering the
hypothesis space, which in turn helps in finding the best
result. They have focused more on identifying and

prediction of alpha helices and beta sheets from the CB513
and 25PDB datasets. (Kathuria et al., 2018) uses a machine
learning techniques for identification of unknown protein
structures. They used Amide frequencies and RF classifier
for prediction of protein secondary structure. The result
shows that the model performs better in amides dataset.
ROC curve and area have been used for validation of
model. Multi classification techniques can be involved
during secondary protein structure prediction to achieve
more accuracy.

The work of (Zhang et al., 2016) used chaos game
concept for prediction of protein secondary structure from
the given sequence of proteins. The accuracy of structure
is depending upon the likeness of protein data. This issue
can lead to the unwanted structure prediction. They used a
time series technique, feature vector of 36 dimension and
CGR to overcome this issue. The prediction accuracy can
be further increased by incorporating Random tree
learning techniques.

3. Proposed Solution

Machine learning techniques have been universally
used in Bioinformatics domain and other related areas.
They provide a platform for developers in creation of
automatically learning system with the capability of
improvement from experience. Decision Tree is one of the
most widely used analytic methods in Machine learning.
Collection of Decision trees is known as a Random Forest.
However, RF can work effectively when applied to large
dataset, whereas they can be unstable when training value
deals with small distribution. To overcome this issue,
fuzzy logic has been incorporated in tree construction
(Bonissone et al., 2010).

Steps followed in the proposed approach to predict
secondary protein structure are as follows:

Step 1: Parallelized collection and analysis of data:
Protein Data is collected parallel and stored in local driver
for structure prediction. Later cleaning and optimization
procedure is applied by removing DNA and RNA from the
stored dataset.

Step 2: Design and generation of feature vectors: This
step illustrates the process of identification & selection of
necessary features; subsequently it combines in a matrix to
improve the efficiency of vector.

Step 3: Prediction of protein secondary structure using
EFRF techniques: The classifier takes a vector as an input,
subsequently integrating fuzzy concept and RF for protein
structure prediction.

The steps given above are showed in Figure 1. Here
data is extracted from protein data bank parallel. Later, the
protein dataset is cleaned and analysis for efficient
computation of the model. Subsequently, feature vector is
computed from the given sequence data by incorporating 3
compositions, 3 to 15 transition values with the given
frequency and protein length. Finally, the protein structure
is predicted using proposed EFRF, SVM & NB.
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Figure 1. Proposed EFRF Architecture for protein structure
prediction

3.1. Parallelized collection and analysis of data

Selenium is used for extracting protein data from
websites by processing the HTML Web Page and
extracting data for manipulation to a local storage. Once
the protein sequences are stored locally, the application
can run without an internet connection. Protein Data Banks
contain millions of sequences and the whole process was
parallelized using Java and multithreading to increase
computational performance. The sequence data that is
collected from the internet had a mix of protein and non-
protein data (such as DNA and RNA) which was filtered
and cleansed as per requirement. Figure 2, describes the
Data preprocessing stages. Here the unstructured data is
extracted from protein data bank, subsequently cleaned
with required attributes using parallel computation and
drives. Later Post processed data is stored in a local
machine with features and labels.

properties. Here, sequence of protein is converted from a
heterogeneous size to a feature vector of homogeneous
size.

The twenty amino acids are segregated into three
different categories based on their values corresponding to
the properties. The physical and chemical properties taken
into account are Hydrophobicity, Polarizability, Polarity,
and Van Der Waals Volume. These 20 amino acids are
categories into three clusters (Chinnasamy et al., 2005)
corresponding to their values and properties, as shown in
Table 1.

Table 1. Secondary structure classes attribute with corresponding
classes

Attribute Cluster 1 Cluster 2 Cluster 3

Class Coil Helix Strand

Hydrophobicity C,F,I,L,MV, D,E,K,N,Q, A, G H,P,S,

R T,Y

Polarizability = F,H,K,M,R, A,C,D,G,P, E,I,L,N,V,
W, Y S, T Q

Polarity D,E,H,K,N,Q, C,F,I,LLM, AG,ST,P
R V,W,Y

Vander Waals F, H, K, M, R, A DG ST CEILN,
Volume W, Y P,QV

Protemn.txt H Data Preprocessing J

Feature
calculation

Retrieve
Derived features
Cleaned Data with

features

Post processed data with
features and labels

Necessary
Features

Web
seraping
Drivers.

Figure 2. Proposed parallelized data proposing system design in
EFRF

3.2. Design and Generation of feature vectors

Design and Development of Feature Vector is a
measurable entity that is used to describe a feature of the
objects. Selection of feature vectors is key factor in
improving the performance of the predictor algorithm. For
structure prediction, the features selected need to have
direct correlation to the 3D structure of the protein. Here,
four different features are selected for structure prediction:
these are Hydrophobicity, Polarizability, Polarity and Van
der Waals Volume. These features are combined in a
matrix to improve the efficiency of the vector.

3.2.1. Generating Feature Vector:

The proposed work involves a single dimensional
feature vector that is unique to each protein sequence. A
vector of length 105 is generated for each protein sequence
based on values of certain physical and chemical

The feature vectors 23 made up of separate individual feature
vectors that are as follows:

Composition Feature Vector (Comp;): The composition
feature vector is computed as follows

Comp; =((Tg;)/SeqLen)100; )
In equation 1, “Comp;” represents the percent composition of

each group, “Tg” tells group total and “SegLen” denotes the
sequence length

Transition Feature Vector (Trs;;): Trs;; shows the group
occurrence percentage foe group i to j for the value of one,
two, and three.

Transition Feature Vector (Tij): Tij is characterized by
the t frequency percen with which group i is followed by
group j or vice versa where i, j takes the values 1, 2 or 3
respectively.

Distribution Feature Vector (DFV): The DFV
comprises five values from three groups that represent the
sections of the given sequence value, also specify the first
residue of a given group is located, and where other are
located.

Percentage Frequency Feature Vector (PFFV): The
PFFV defines the length as 20 and lists out the different
percentage of these 20 amino acids in the given protein
sequence data.

3.2.2 Calculations for Feature Vectors:

This section shows the computation of feature vector
values based on their properties. A property can have 3
compositions, 3 to 15 transition values with the given
frequency and protein length. The section below elucidates
the calculation of the feature vector.

e 3 composition values with 4 properties: 3 x 4 =12

3 transition values with 4 properties: 3 x 4 =12

15 transition values with 4 properties: 15 x 4 = 60
Percentage frequency of each amino acid: 20 x 1 =20
Length of protein: 1

Feature Vector: 12 + 12 + 60 + 20 + 1 = 105
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3.3. Prediction of protein secondary structure using
Enhanced Fuzzy Random Forest methodology

The proposed EFRF system architecture is showed in
Figure 3; it illustrates the process of protein secondary
structure prediction. The stored dataset is converted from
amino acid sequence to feature vector by using selected
features and feature vector algorithm. Subsequently in
parallel, protein data is extracted in FASTA format with
amino acid sequence & feature vector. Then, these
optimized values are given as an input with required
features. Afterwards, proposed EFRF, SVM, & NB
classifiers are applied on it for protein secondary class
prediction. The workflow of the system is a monolithic
architecture. The data set comprises eight thousand
cleansed sequences stored locally. The user interface takes
a protein sequence as input and based on the feature
vectors a scoring matrix is generated. Subsequently, the
Feature Vector is used as input for the classifiers.

Post processed data
with features and
labels

Protein
Repository

Sequence to feature

Vector conversion

Dataset with
feature/ feature
vector/ labels

Amino Acid

Sequence

EFRF/SVM/
NB Classifiers

Predicted protein
secondary structure / class

Figure 3. Proposed EFRF Data Post-Processing System Design
for secondary structure prediction

(Jang, 1994; Janikow, 1998; K M Lee et al., 1999;
Pulkkinen and Koivisto, 2008) illustrate the different
methodologies in which fuzzy logic is combined positively
with decision tree. According to RF (Breiman, 2001)
progression of each node step by step and subsequently
during the tree construction process each node will get
split randomly with the available attributes. Finally, new
process of split will perform based on random selection.

Fuzzy Random forest (FRF) (Bonissone et al., 2010)
can be used for protein structure prediction; the proposed
work uses fuzzy partition method for each inner node
(INod) of the trees (Cadenas, Garrido and Martinez, 2009).
INod;, INod,, INods,.... INods, are the state values
generated from membership method (linogi) @S sShown in
equation 2. Here the construction of the tree size is a key
point.

INod
Vx €E X ! Hivoa; (¥) =1 @

According to (Bonissone, 2010; Chinnasamy, 2005)
split of tree depends on numerical values and membership
values (x1r, ng); these values help in finding the tree (Tr)
with node (Nd). The membership value helps in the
splitting process of the tree (Tr). If the membership degree
value is more than zero, the split will happen according to
equation 3. Here ‘CN’ is represented as child node, ‘Tr’ is
represented as tree

A(Tr, CN) (sample) * X(Tr, node) (Sample) U fuzz_set_prt (Sample) (3)

Fuzzy random forest matrix (MFRF) 11 is used in
classification problems; it classifies data to a given class
and also generates the state of the node leaf (Le) and tree
(Tr), subsequently also supporting in decision making 11

as shown in equation 4
FuzzyAggre(classi,MFRF)=

Total tree no._of leafnode
> > (MFRF)
tree=1 leafjex=1

tree,leafindex,clas
4

4. Implementation

In this work, two different classified NB (Robles et al.,
2004) and SVM (Cortes and Vapnik, 1995; Cai et al. 2002)
are compared with the proposed EFRF algorithm. The
proposed model accepts primary protein sequences from
the user; subsequently, Feature Vectors are generated from
the entered sequence and then analyzed to predict class
labels for each entered sequence. The protein sequences
vary in length and can be categorized based on various
physical and stereo chemical properties; these properties
determine the feature vector generation. The attributes
used to describe the sequence in the article include
Polarity, Hydrophobicity, Polarizability and Van der
Waals Volume.

The proposed EFRF model is categorized into three sub
modules: initial, intermediate and final modules

Initial sub-Module: Initially used an unsupervised data
set from the Protein Data bank which needed a lot of data
preprocessing before actually using the data present in the
data set. The data set contained about four hundred
thousand sequences which were a mixture of DNA, RNA
and Protein sequences. Firstly, extract the protein
sequences from the data set since those records were the
only meaningful records for this project. The other
parameters were Sequence ID, Sequence Type, Sequence
Length, Sequence Name and the Primary Sequence itself.
This model requires the Class Label, the Secondary
Structure of Protein. This unsupervised dataset had to be
converted into a supervised dataset.

Intermediate Sub-Module: It displayed the results of
the sequence with their frequency percentages. The
percentage in the output is responsible for categorizing
them into the final secondary structure.

The dataset (PDB) used had about eight thousand
protein sequences to handle. So, this manual process took
around two hours for two hundred sequences. Further,
Selenium driver is used for web scraping. This allowed us
to automate the retrieval process and increase efficiency of
the conversion. The total time it took to retrieve and
analyze all the sequence and to create a class label for each
and every sequence out of the eight thousand protein
sequences was about seven hours. Since this was not
optimal performance, we converted the script so as to run
on six different threads on six different Google Chrome
tabs so as to achieve parallelization. The whole retrieval
and data aggregation process took about two hours.

Final Module: After the conversion of the unsupervised
dataset into a supervised data set, three classifiers namely
NB, SVM and EFRF were used for predicting the
secondary structure of protein. These classifiers are
operating extremely differently from each other.
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The attributes sent to these classifiers were the feature
vectors and the class label with the classifiers for
prediction. These classifiers take up to 75% of the dataset
for training, and the rest for testing to provide an insight of
how accurate the predictions turn out to be. Here, Feature
Vector is used to create a Vector having consistent values
to the chemical properties of the protein sequence.
Algorithm 1 focuses on overall protein secondary structure
prediction; the algorithm takes protein primary sequence
as an input and generates corresponding protein secondary
structure. Lines 2 to 4 compute the necessary feature
vector score by incorporating secondary structure
attributes as shown in algorithm 2. Finally, feature vector
score is input to the classifier for protein secondary
prediction as shown in line 5to 7.

shown in line 9. Further, for each outcome of the random
tree, vote is calculated as show in line 11. Finally lines 12
to 17 compute the votes for each attributes resulting in
protein structure prediction.

Algorithm 3: Enhanced Fuzzy Random Forest

Algorithm 1: Proposed EFRF with Feature Vector Scoring

Input: Primary Protein Sequence
Output: Protein secondary structure
1. begin
Compute feature vector score
Apply Algorithm 2
return vector score
Generate protein secondary structure
Apply Algorithm 3
return protein class

NG~ WN

end

Algorithm 2 shows the proposed Feature Vector
Scoring process. The algorithm takes Protein sequence as
an input and subsequently computes Composition,
Transition and distribution values are as shown in line
number 2 to 7. Line 8 computes the frequency of the given
sequence of each array. Finally, line 12 to 14 computes the
vector score for the given sequence of array. Similarly, the
process is applied to the different amino acid sequences.

Input: Feature Vector of size 1 x 105
Output: Predicted Protein Structure
1. TrainingModel ()

2. begin

3. k =RandomSelectFeatures() (From m features, k

<<m)

4. d = FuzzyBestSplit(k)

5. i=0

6. while ((i < n) && (n! =1)) do

7. d = FuzzyBestSplit(d)

8. BuildFuzzyForest(d, i)

9. PredictionFromTrainedModel()

10. targetOutcome[n] =

RandomDecisionTree(k) {AlphaHelix, RandomCaoil,
EtendedStrand}

11. votes[m] ==

CalculateVotes(targetOutcome[i]){i = 0, 1, n =size}{m <<

n}

12. max =0

13. i=0

14. while (i < n) do

15. if (max < votes[j] {j =0, 1, ..m})

16. max = votes][j]

17. return max

18. end

Algorithm 2: Proposed Feature Vector Scoring process

Input: Primary Protein Sequence
Output: A vector score for the Sequence
1. Procedure find Feature Vector (sequenceSQ)

2. begin

3. for each property do

4, divideAA --> 3Groups

5. calcComposition(SQ) --> return compArr
6. calcTransition(SQ) --> return transArr
7. calcDistribution(SQ) --> return distArr
8. for each AA do

10. calcf requencyof AAINSQ

11. return PFArr

12. for each in array do

13. fv[]+ = array

14. return fv

15. end

5. Results and Discussions

5.1. Dataset

A sample dataset of protein sequence extracted from
the protein data bank (PDB) is shown in Figure 4. The
dataset is split into three parts: Initial Dataset, Intermediate
Supervised Dataset, and Supervised Dataset. The section
below illustrates the step by step process of data
conversion.

5.1.1. Initial Dataset

This data is directly obtained from the data bank. It
requires preprocessing in order to be useful in sequence
prediction. The files “pdbseq.res.txt” and “pdbNS.txt”
focus on the necessary sequences after removing RNA and
DNA sequences.

Algorithm 3 discusses the procedure for protein
structure prediction such as Helix, Coil and strand class.
Here features vector is given as an input; subsequently for
the corresponding feature vector and protein sequence a
necessary structure will be predicted. Line 1 focuses on the
calling part of the training model for protein class
prediction; subsequently random features is selected in line
3. Next, line 4 stores the node split values to a variable
called “d”. Later, line 6 performs the node split using
fuzzy; afterwards, line 8 builds a RF using fuzzy concept,
consequently predicting the class using training model.
The predicted Helix, Coil, & Strand is stored in a target as

|>191m_A mol:protein length:154 MYOGLOBIN
MVLSEGENQLVLHVWAKVEADVAGHGQDILIRLFKSHPETLEKFDRVKHLKTEAEMKASEDLKKHGVT]
»1021 A mol:protein length:165 T4 LYSOZYME
MNIFEMLRIDEGLRLKIYKDTEGYYTIGIGHLLTKSPSLNAAAKSELDKATGRNTNGVITKDEAEKLF
»102m_A mol:protein length:154 MYOGLOBIN
MVLSEGENQLVLHVWAKVEADVAGHGQDILIRLFKSHPETLEKFDRFKHLKTEAEMKASEDLKKAGYT]
»1031_A mol:protein length:167 T4 LYSOZYME
MNIFEMLRIDEGLRLKIYKDTEGYYTIGIGHLLTKSPSLNSLDAAKSELDKAIGRNTNGVITKDEAEK
»103m_A mol:protein length:154 MYOGLOBIN
MVLSEGENQLVLHVWAKVEADVAGHGQDILIRLFKSHPETLEKFDRFKHLKTEAEMKASEDLKKAGYT]
»1841 A mol:protein length:166 T4 LYSOZYME
MNIFEMLRIDEGLRLKIYKDTEGYYTIGIGHLLTKSPSLNAAKSAAELDKATGRNTNGYITKDEAEKL

31841 B mol:protein length:166 T4 LYSOZYME

Figure 4. Sample Protein dataset from PDB (Protein Data Bank)

pdb_seqgres.txt: It contains the following information:
Protein Sequence ID, Class, Molecule Type, Protein,
Length of the sequence, Name of the sequence, Primary
Protein Sequence as displayed in figure 5.
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10lm A mol: protein length: 134 MYOGLOBIN
MVLSEGEWQLVLHVWAKVEADVAGHGQDILIRLFKSHPETLEKFDRVKHLK
TEAEMKASEDLKKHGVTVLTALGAILKKK GHHEAELKPLAQSHATKHKIPIK
YLEFISEATHVLHSRHPGNFGADAQGAMNKALELFRKDIAAKYKELGYQG

Figure 5. pdb sequence.txt file

Useful attributes: Protein Sequence ID, Type, Primary
Protein Sequence

Cleansed Dataset : Considers only Protein Sequence
after discarding RNA and DNA sequences from the data
bank.

pdb_NS.txt: It contains the following information:
Name of the sequence, Primary Protein Sequence as
showed in figure 6.

MYOGLOBIN
MVLSEGEWQLVLHVWAKVEADVAGHGQDILIRLFKSHPETLEKFDRVKHLKTE

SEAITHVLHSRHPGNFGADAQGAMNKALELFRKDIAAKYKELGYQG

AEMKASEDLKKHGVTVLTALGAILKKKGHHEAELKPLAQSHATKHKIPIKYLEF]

Figure 6. Sample pdb NS.txt file

5.1.2. Intermediate Supervised Dataset:

Intermediate dataset is an unsupervised dataset
obtained directly from the Protein Data Bank. It does not
have a class label for the sequence of amino acids and
various other parameters as shown in “contenttest.txt” file.

ContentTest.txt : It contains the following information:
Name of the sequence, Primary Protein Sequence, Class
Label (Secondary Structure Prediction), Percentage of the
Secondary Structure Percentage in the Sequence as
displayed in figure 7.

MYOGLOBIN
MVLSEGEWQLVLHVWAKVEADVAGHGQDILIRLEKSHPETLEKFDRVKHLKTE
AEMKASEDLKKHGVTVLTALGAILKKKGHHEAELKPLAQSHATKHKIPIKYLEFT
SEAITHVLHSRHPGNFGADAQGAM NKALELFRKDIAAKYKELGYQG

Alpha helix: 75,32

Figure 7. Sample ContentTest.txt file

5.1.3. Supervised Dataset:

The supervised dataset has been created by web
scraping from enter here the website from where we
scraped and the class label obtained is used as the class
label for the amino acid sequence which along with the
sequence length forms our supervised dataset. As shown in
“contentTest.csv” file.

ContentTest.csv : It contains the following information:
Name of the sequence, Primary Structure Sequence, Class
Label (Secondary Structure Prediction) as presented in
figure 8.

MYOGLOBIN MVLSEGENQLVLHVWARVEADVAGHGQDIIRLFKSHPETLEKEDR
VKHLKTEAE
MKASEDLKKHGVTVLTAL GAILKKK GHHEAELKPLAQSHATKHKIPIKYLEFISEAL
HVLHSRHPG NFGADAQGAMNKALELFRDIAAKYKELGYQG, Alpha belx

Figure 8. Sample ContentTest.csv file

5.2. Feature Vector Input

The feature vector of length 105 is constructed by
taking into the properties of the amino acid sequence
which includes Hydrophobicity, Polarity, Polarizability
and Van Der Waals Volume. Individual Composition,
Transition and Distribution values for each of the
properties are generated and together with the sequence
length and percentage frequency of each amino acid are
combined to constitute the feature vector. An array of
floating point values that are fed as attributes to the
classifiers are displayed in Figure 9.

(025609756, 042682928, 031707317, 040243903, 0.34146342, 023609756,
0.37804878, 0.3292683, 0.29268292,., 008336384, 0.083363834, 0.0121951213,
0.0121951215, 0.024390243, 82.0]

Figure 9. An array of floating point values

Now the sequence, after validation, is converted into a
vector which consists of floating point values. This vector
is called a feature vector. The feature vector is then
provided as input to the classifiers for prediction purposes.
The use of Feature Vector is to generate a Vector
containing corresponding values to the chemical properties
of the protein sequence.

5.3. Classifier’s for prediction of protein secondary
structure

In this work, authors use three different classifiers for
prediction of protein secondary structure. Initially, NB
(Chinnasamy et al., 2005) classifier is used for structures
prediction, as it performs well in multi class environment.
Subsequently, as the dataset contains large dimension
feature vector; authors have also used a SVM (Cortes and
Vapnik, 1995; Cai, 2002) for prediction of structures.
Finally, the proposed model EFRF is integrated using
Fuzzy concept, RF and Feature vector concepts for
prediction of protein structures. This section focuses on the
accuracy measures, precision measures and Normalized
Confusion Matrix for Proposed EFRF, SVM & NB.

5.3.1. Accuracy-Measures for Proposed EFRF, SVM & NB

Figure 10 & Figure 11 shows the two graphs generated
from the dataset with splits of 60% of the dataset used for
training in the first case and 75% of the dataset used for
training in the other case. The Accuracy of NB classifier
varies within the range size of approximate 0.27 with the
variation in the size of datasets from 1000 to 8000. The
observed variations are against the expected behavior that
the increase in size of training dataset should lead to
increase in accuracy. This concludes that our Feature
Vector does not work well for the NB Classifier.

The Accuracy of SVM varies within range size of 0.02
with the variation in the size of dataset. This behavior is



© 2020 Jordan Journal of Biological Sciences. All rights reserved - Volume 13, Number 4 489

parallel to the expected behavior as accuracy increases
with the increase in size of dataset. Although there may be
a slight decrease in the values of accuracy with the
increase in the dataset size, this may be neglected due to
the reason that this small variation can sometimes occur as
a result of overfitting. Overall, the classifier has a good
accuracy of 76%. Thus, SVM is a suitable classifier for the
feature vector.

The Accuracy of proposed EFRF varies within range
size of 0.03 with the variation in the size of dataset. The
graphs show almost a linear relationship. This behavior
sharply coincides with our expected behavior as accuracy
increases with the increase in size of dataset. As a result,
the classifier does an excellent work in predicting all the
three structures. Overall, the classifier has a good accuracy
of 96%. Thus, EFRF is the most suitable classifier for the
feature vector.

Table 2 and figure 10 show the dataset of size 1000,
2000, 3000,4000, 5000, 6000, 7000, 8000 with 60:40 data
split proposed EFRF give an accuracy of 92.9%, 95.2%,
94.4%,95.0%,95.0%, 96.5%, 95.7%, 95.5% whereas SVM
give an accuracy of 77.3%, 76.9%, 75.8%, 75.5%, 78.0%,
77.6%, 76.0%, 75.8% and NB gives an accuracy of 77.5%,
49.8%, 48.5%, 45.1%, 45.3%, 46.5%, 46.5%, 41.8%. The
result show that proposed EFRF perform better compare to
other algorithms.

Table 2. Accuracy-Measure: Comparative Results among SVM,
NB & the proposed methods EFRF with 60:40 Data split.

Table 3. Accuracy-Measure: Comparative Results among SVM,
NB & proposed methods EFRF with 75:25 Data split.

Enhanced Fuzzy
Random Forest
Dataset size (EFRF)

Support Vector  Naive Baye’s
machine (SVM) (NB)

1000 92.8 76 74.8
2000 96 78.8 49

3000 96.9 75.3 441
4000 96.1 76.7 42.6
5000 96.8 715 454
6000 96.2 78 49.9
7000 96.2 75.5 49

8000 96.3 75.3 415

Enhanced Fuzzy
Random Forest
Dataset size ~ (EFRF)

Support Vector Naive Baye’s
machine (SVM) (NB)

1000 93 77.3 775
2000 95 76.9 49.8
3000 94.4 75.8 48.5
4000 95.1 755 45.1
5000 95 78 453
6000 96.5 77.6 46.5
7000 95.7 76 46.5
8000 95.5 75.8 41.8
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Figure 10. Graph with Accuracy-Measure: Outcomes Among
SVM, NB & proposed methods EFRF with 60:40 Data split.

Similarly, table 3 and figure 11 illustrate the dataset of
size 1000, 2000, 3000,4000, 5000, 6000, 7000, 8000 with
75:25 data split the proposed EFRF give an accuracy of
92.9%, 96.0%, 97.0%, 96.1%, 96.8%, 96.2%, 96.1%,
96.2% whereas SVM give an accuracy of 76.0%, 78.8%,
75.3%, 76.7%, 77.5%, 78.0%, 75.5%, 75.3% and finally
NB gives an accuracy of 74.8%, 49.0%, 44.1%, 42.6%,
45.4%, 49.9%, 49.0%, 41.5%. The result show that
proposed EFRF performs better compare to other
algorithms.

ACCURACY OF IFRF, SVM, NBE ALGORITHMS WITH 75:25
SPLIT
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Figure 11. Graph with Accuracy-Measure: Outcomes Among
SVM, NB & proposed methods EFRF with 75:25 Data split.

The section 5.3.1 provides a brief discussion on how
the accuracy and results varied across the classifiers. In
this NB, classifier yielded an accuracy of approximately
47%. This low accuracy is the consequence of poor
prediction of sequences which are Random Coil. In order
to find a better classifier which suits the given feature
vector, SVM is incorporated. SVM produced an overall
accuracy of 78%, hence showing competence with our
developed feature vector. But still, the classifier fails when
predicting the structure of most of the Alpha Helix
sequences. Finally, the EFRF classifier gives an excellent
accuracy of 96% showing a strong capability of success
with the Feature Vector.

5.3.2. Precision-Measures for Proposed EFRF, SVM &
NB

The precision measures for the Proposed EFRF, SVM
& NB are shown in table 4. The Precision value of the
proposed EFRF system is 96.2% whereas for the SVM and
NB is 72.9% & 41.5% for the dataset of size 8000. This
shows that proposed EFRF performs well when compared
with SVM & NB. Similarly, Table 4 and figure 12
illustrate the dataset of size 1000, 2000, 3000,4000, 5000,
6000, 7000, 8000 with 60:40 data split the proposed EFRF
give a precision of 92.9%, 95.2%, 94.4%, 95%, 95%,
96.5%, 95.7%, 95.5% whereas SVM give a precision of
74.5%, 75.7%, 73%, 72.6%, 75.7%, 74.7%, 72.7%, 73.7%
and later NB gives a precision of 77.5%, 49.8%, 48.5%,
45.1%, 45.3%, 46.5%, 46.5%, 41.8%. The result tells that
proposed EFRF performs well compared to other
algorithms.
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Table 4. Precision -Measure: Comparative Results among SVM,
NB & proposed methods EFRF with 60:40 Data split.

Enhanced Fuzzy
Random Forest
Dataset size (EFRF)

Support Vector  Naive Baye’s
machine (SVM) (NB)

1000 92.9 74.5 775
2000 95.2 75.7 49.8
3000 94.4 73 48.5
4000 95 72.6 45.1
5000 95 75.7 453
6000 96.5 747 46.5
7000 95.7 727 46.5
8000 95.5 73.7 41.8
PRECISION OF IFRF, S¥M, NB ALGORITHMS WITH 60:40
SPLIT
e 4+

PRECISION %

DATASET SIZE

Figure 12. Graph with Precision -Measure: Outcomes Among
SVM, NB & proposed methods EFRF with 60:40 Data split.

Table 5 and figure 13 discuss the dataset of size 1000,
2000, 3000,4000, 5000, 6000, 7000, 8000 with 75:25 data
split the proposed EFRF give a precision of 92.9%,96%,
97%, 96.1%, 96.8%, 96.2%, 96.1%, 96.2, % whereas SVM
give a precision of 73.8%, 78.3%, 72.9%, 74.2%, 75.1%,
75.8%, 71.9%, 72.9% and later NB gives a precision of
74.8%, 49%, 44.1%, 42.6%, 45.4%, 49.9%, 49%, 41.5%.
The result tells that proposed EFRF performs well
compared to other algorithms.

Table 5. Precision -Measure: Comparative Results Among SVM,
NB & proposed methods EFRF with 75:25 Data split. Best
Results Are Bolded Per Row

Enhanced Fuzzy
Random Forest
Dataset size (EFRF)

Support Vector  Naive Baye’s
machine (SVM) (NB)

1000 92.9 73.8 74.8
2000 96 78.3 49

3000 97 72.9 44.1
4000 96.1 74.2 42.6
5000 96.8 75.1 45.4
6000 96.2 75.8 49.9
7000 96.1 71.9 49

8000 96.2 729 415

PRECISION OF |FRF, SVM, NB ALGORITHMS WITH 75:255PLIT

PRECISION $

Figure 13. Graph with Precision -Measure: Outcomes among
SVM, NB & the proposed methods EFRF with 75:25 Data split.

5.3.3. Normalized Confusion Matrix for Proposed EFRF,
SVM & NB

The Confusion Matrix for the NB Classifier 25 with the
predicted values normalized between 0 and 1 is shown in
Figure 14. From the matrix, it can be concluded that the
classifier does a good work in predicting 87% of Alpha
helix structure correctly. Also, the classifiers performance
in predicting the Extended Strand sequences correctly is
above average at 69%. However, when it comes to
predicting the Random Coil sequences, the classifier
Performance is very bad with only 3 percent of the testing
sequences predicted correctly.

Normalized Confusion Matrix

o8

Alpha helix 0.03
07
06
05

tended strand 0.06
04
03
02

Random cosl 03
01

Alpha helx Extended strand  Random coil
Predicted label

Figure 14. Normalized Confusion Matrix for Naive Bayes

SVM is very effective in cases when the number of
dimensions is very large. The Confusion Matrix for the
SVM Classifier with the predicted values normalized
between 0 and 1 is shown in Figure 15. From the matrix, it
can be analyzed that the classifier does an excellent work
in predicting the structure of Extended Strand and Random
Coil correctly for almost all the testing sequences.
However, the performance of the classifier fails when it
comes in predicting the structure of Alpha helix sequences.
Consequently, only 28% of the testing sequences are
predicted correctly as Alpha helix. With an overall
accuracy of 76%, SVM was a good classifier for the
feature vector.
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Normalized Confusion Matrix

10

Alpha belix oz28 0.0
os
0.6

tended strand oo 0.0
0.4
0.2

Random cosl 004 0.0
0.0

Alpha helix Extended strand Random coil

Predicted label

Figure 15. Normalized Confusion Matrix for Support Vector
Machines

In the prospect for a better classifier to improve the
accuracy, the proposed work EFRF integrates Fuzzy
concept with RF Classifier. The Confusion Matrix for the
EFRF Classifier with the predicted values normalized
between 0 and 1 is shown in Figure 16. From the
confusion matrix, it can be inferred that the classifier does
an excellent work in correctly predicting all the three
structures for almost all the testing sequences.

Normalized Confusion Matrix

Alpha heln

tended strand 0.03

Random coil 4 0.02

00
Alpha hedix Extended strand Random cod

Predicted label

Figure 16. Normalized Confusion Matrix for Enhanced Fuzzy
Random Forest

5.4. Evaluation of models

There are different measures used in the validation of
predicted values. The section below discusses the
performance measure using Root Mean squared error, and
Correlation.

Root Mean squared error (RMSE): RMSE is used to
compute the error rate of a model. It calculates the
differenence between expected result (ER) and observed
result (OR) with its square root of the same. RMSE
computation process is showed in equation 5, here ‘ER’
expected result, ‘OR’ observed result and ‘k’ is the
number of instance.

|
|[E (ORi—ER{)"2
k

RMSE= (5)

Correlation: Correlation helps in computation of
statistical relation between expected result (ER) and
observed result (OR). Correlation computation process is
shown in equation 6, here ‘ER’ expected result, ‘OR’
observed result and ‘k’ is the number of instance.

Correlation =
Ef: J[ERi—Mean ERi )(ORi—Msan ORi)

(6)
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Table 6 shows the computed RMSE, correlation and
predicted accuracy for the proposed model EFRF, NB and
SVM. The result shows that EFRF outperform when
compared with the NB and SVM for the value of RMSE
and Correlation. Here the proposed EFRF model has the
lowest RMSE value of 0.33 whereas for SVM is 0.99 and
NB is 1.5. Similarly, EFRF has the highest correlation
value of 0.95 whereas for SVM is 0.55 and NB is 0.38.
Table 6. Performance Measure among NB, SVM, & proposed
method EFRF

Model RMSE Correlation Accuracy %
Naive Baye’s (NB) 1.5 0.38 415
Support Vector 0.99 0.55 753
Machine (SVM)

Enhanced Fuzzy  0.33 0.95 96.3
Random Forest

(EFRF)

6. Conclusion

The proposed work EFRF uses a Machine Learning
model in prediction of the two-dimensional structures of
the protein from their amino acid sequences. The model
takes the primary protein sequence as input and outputs the
structural class through which the protein folds. These can
be used in various Drug developments, which in particular
requires knowledge of the binding sites of the candidate
compounds, a well-predicted structure helps in the
computational screening and optimizing candidate
compound. The unsupervised dataset to train our Machine
Learning model is a linear chain of amino acids that forms
the primary structure of the protein. The extracted
information from various websites allows us to get class
labels for our unsupervised data set. Subsequently
generates a unique Feature Vectors for each protein
sequence  based on  Polarity,  Hydrophobicity,
Polarizability, and Van der Waals Volume. Later, various
classification models are used to analyze and predict class
labels for each sequence. For the given dataset, NB
classifier yielded an accuracy of approximately 47%. This
low accuracy is the consequence of poor prediction of
sequences, which are Random Coil. Whereas SVM
produced an overall accuracy of 78%, hence shows
competence with our developed feature vector. But still,
the classifier fails when predicting the structure of most of
the Alpha Helix sequences. Later, the proposed EFRF
classifier gives an accuracy of 96%, showing a strong
capability of success with the developed Feature Vector.
Finally, the model is further validated using RMSE and
correlation. The computed result shows that the EFRF
model has the lowest RMSE value of 0.33, whereas for
SVM is 0.99, and NB is 1.5. Similarly, EFRF has the
highest correlation value of 0.95, whereas for SVM is
0.55, and NB is 0.38.
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Abstract

Biogenic Silver Nanoparticles (AgNPs) were synthesized using aqueous plant extract of Portulaca oleracea
L.(Portulacaceae) at 75'C in 20min. AgNPs were confirmed by UV-visible spectra. Highest absorbance peak was found at
420nm; FTIR showed the peaks at 515.24 cm™ with significant changes upon reduction, biogenic AgNPs. Dmean number
was found to be 52.26 nm and zeta potential -29.1mV. AgNPs crystalline particle size was found in range of 28.8 nm to
30.08 nm by XRD. Scanning Electron Microscopy (SEM) analysis confirms AgNPs were spherical in shape. The biogenic
synthesized AgNPs showed distinct zone of inhibition against all bacterial leather isolates ranging from 14.66+1 to
20.33+1.52 mm. Minimum inhibitory concentration (MIC) values of the biosynthesized silver nanoparticles against bacterial
isolates ranged from 4-20 pug/ml. Experimental outcomes propose that the biogenic silver nanoparticles showed efficient
antibacterial activity against leather deteriorates and can be used for preservation of leather.

Keywords: leather deteriorates, MIC, SEM, Zeta potential

1. Introduction

Nanotechnology is a recent field that is used in research
nowadays, creating an impression in all domains of human
life. Biogenic synthesis of nanoparticles has proven to be
better methods over physical and chemical methods due to
slower kinetics and their stabilization. There are multiple
opportunities to develop greener processes for the
manufacture of nanoparticles. Due to involvement of
hazardous chemical, low material conversions, high energy
requirement, and difficult, wasteful purification in physical
and chemical methods, biosynthesis of silver
nanoparticles using plant extract and microorganism has
been practiced. The most predominant method for the
synthesis of silver nanoparticles is using plant extract
owing to easy availability, cost efficiency, eco-
friendliness, and non-toxicity (Firdhouse et al., 2012).
Argimone mexicana, Tridax procumbens L., Jatropa
curcas L., Calotropis gigantea L., Solanum melongena L.,
Datura metel L., Carica papaya L. and Citrus aurantium
L. leaf extracts were involved in green synthesis of silver
nanoparticles, and evaluations of their antimicrobial
activities were studied for Aspergillus flavus, Escherichia
coli and Pseudomonas aeruginosa and were found to be
highly effective ((Khandelwal et al.,2010;
Rajasekharreddy et al.,2010). Plants extracts usually
include various polyphenols, such as flavonoids, which act
as the best reducing agent useful in the synthesis of silver
nanoparticles. Luteolin or rosmaric acid reducing
substances are found in Ocimum sanctum, Portulaca
olerecea. Reducing agents are most conceivably
responsible for the conversion of Ag* to Ag® which occurs

“ Corresponding author e-mail: savitaakate@gmail.com.

during the formation of enol/keto form of those
substances. The resulting forms revealed promising
antibacterial properties against microorganism such as
Escherichia coli, Staphylococcus aureus and S. typhi,
Proteus spp. (Muthumary et al. 2011).

The leather is a richest source of nutrients for
microorganisms. The fibrous proteins present in leather are
collagen (98%), elastin (1%) and keratin (1%) (Tissier and
Chensais, 2000). Leather making is an important socio-
economic activity for several countries throughout the
world and used everywhere in daily life. The
decomposition of collagen, the major component of
leather, has been studied more extensively. Raw hides
deteriorated easily and their deterioration depends on a
number of factors: time, temperature, moisture content,
and the state of the hide. Collagenase activity by
Clostridium spp., Bacteriodes spp., and Staphylococcus
aureus had earlier been reported (Jaouadi et al. 2013).
During the manufacture processes of finished leather from
raw hide, the bacterial flora of leather was found to be
changed. Bacillus spp. was the most prevalent, and was
found in nearly all steps of the tanning process. Not
surprisingly, Bacillus spp., especially Bacillus cereus and
Bacillus subtilis , have been correlated with the majority of
cases of deterioration of hides and skins (Baird, 1998).
However, not much previous research has been done to
inhibit growth of bacterial leather isolates (leather bacterial
growth) using pure biogenic silver nanoparticles.
Therefore, the present work was undertaken to study
biogenic silver nanoparticles synthesis and its antibacterial
effect against bacteria isolated indigenously from leather
samples.
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2. Materials and Methods

2.1. Isolation and identification of bacteria:

In the present study deteriorated leather samples were
collected from Kedar leather industry, Aurangabad, M.S.
in sterilized polythene bags and were brought to the
laboratory. Leather deteriorating bacteria were screened by
inoculating collected deteriorated leather samples into
peptone solution (1% peptone water) incubated at 37°C for
24h and isolation of bacteria was carried out on nutrient
agar M002-Hi-Media (Mozotto et al. 2010). To check the
ability of different leather isolates to hydrolyze main
leather protein collagen, collagen agar plates (1% collagen
peptide type I, TC343-Hi-Media and 2% agar Hi-Media)
were used and incubated at 37°C for 48h. Bacterial leather
isolates showing collagenolytic activity were screened
with larger transparent circle around the bacterial colony
after incubation by adding a drop of mercuric chloride
precipitation reagent (Lili et al. 2010). As per Bergey’s
manual of systematic bacteriology second edition process,
the bacterial leather isolates were identified. The isolates
were further subjected for genetic analysis by 16s rDNA
sequencing. The sequences obtained were deposited to
GenBank for accession number.

2.2. Biogenic silver nanoparticles (AgNPs) synthesis

Portulaca oleracea L. aqueous extract (10%) was
prepared by boiling fresh washed leaves in sterile distilled
water for 10 mins then filtered through whatmann filter
paper No.l1. Tol0 ml of silver nitrate solution (ImM )1ml
of aqueous extract of Portulaca oleracea L. was added
then incubated at 75°C for various time intervals 20-35
min. The colour change from yellowish to reddish brown
in the reaction mixture was confirmed biosynthesis of
nanoparticles (Firdhouse et al., 2013; Mittal, 2012).

2.3. Characterization of Silver Nanoparticles

Characterization of synthesized biogenic silver
Nanoparticles was carried out by Ultraviolet-visible
spectrophotometry (Elico), Fourier transform infrared
spectroscopy (FTIR) measurements (Bruker Corporation),
Scanning electron microscopy (SEM) , Nanoparticles size
analysis, Zeta potential determination (Malvern Zetasizer
Nano-ZS) and X-ray diffraction studies (XRD) (D8
advance Bruker axs) (Alzahrani et al., 2015; Khushboo
Singh, 2014; Lilyprava Dash, 2013 and Sumitra Chanda,
2013).

2.4. Antibacterial activity of synthesized biogenic AgNPs

2.4.1. Agar well diffusion method

0.1 ml (O.D.gpy 1.0) of selected bacterial leather
isolates was added in different soft agar and mixed well.
Seeded soft agar was then plated on basal agar (Muller
Hilton agar) plates. After 30 minutes of cooling
incubation, inoculated plates were punched using cork
borer for obtaining 6mm wells. In one well, 25ul of
biogenic silver nanoparticles (0.1g/L) were added. These
cultures were also tested against Streptomycin (300mcg),
Chloramphenicol  (25mcg), Fusidic acid (10mcg),
Erythromycin ~ (5mcg), Methicillin ~ (10mcg) and
Novobiocin (5mcg) discs (Hi media Pvt. Ltd., India). All
inoculated plates were incubated at 37°C for 24h. Diameter
of zone of inhibition was measured in mm; the

experiments were carried out in triplicates and mean
values of zone diameter were determined (Bauer and
Kirby, 1966; Awad et al., 2014).

2.5. Minimum inhibitory concentration (MIC) of
biogenic silver Nanoparticles for bacteria:

In the present work, minimum inhibitory concentration
was determined by standard broth dilution method
(Sushmita Deb, 2014 and Zohresh Majidnia, 2012). The
MIC was performed in 2ml Muller-Hinton broth(MH)
using AgNPs in varying concentrations ranging from 1-10-
20pg/ml in test tubes, while one was maintained as blank
with AgNPs, not having bacterial suspension (negative
control) and second tube having only bacterial suspension,
not AgNPs. 0.5 MacFard standard bacterial inoculums
were prepared in sterile saline which was equals 10°
Cfu/ml. The tubes were then incubated at 37°C for 24 h.
After incubation, the MIC was determined by measuring
the growth density of test organisms at 600nm on
spectrophotometer  (Sushmita Deb, 2014; Zohresh
Majidnia et al., 2012). MIC is the lowest concentration of
an antimicrobial that will inhibit the visible growth of a
microorganism after overnight incubation.

2.6. Leather preservation:

Leather preservation was carried out using biogenic
silver nanoparticles as per protocol mentioned by Petical
(2013) with some modification. Leather samples with the
control sample size of 1 x 2 cm? were sterilized using 70%
ethanol for 20 minutes, then leather samples were washed
for 30 min with sterile distilled water and were immersed
three times in biogenic silver nanoparticles 0.1 g/L at 30°C
for 1h, followed by free drying. Treated and untreated
samples were exposed to leather isolates then kept in
incubator and checked for the efficiency of biogenic
AgNps in the form of bacteria growth on samples.

3. Result and Discussion

3.1. Isolation, screening and identification of leather
deteriorates

From collected fifty deteriorated leather samples,
twenty seven bacteria were found to be hydrolyzing
keratin, collagen (leather main protein), gelatin and casein
at 37°C after 24-48h of incubation. Most proficient five
bacterial leather isolates were further identified by
morphological, biochemical, 16srDNA sequences(Om
gene bio, Pune) submitted to GenBank with accession
number: Arthrobacter creatinolyticus KJ009396, Bacillus
pumilus  KP015747 (H4.9/8), Bacillus  megaterium
KM369985 strain SAK,  Bacillus amyloliquefaciens
KP015745 (strain JS518) and Bacillus cereus KP015746
(Lr3/2).Staphylococcus sp. and Brevibacterium sp.
Pseudomonas sp. and Bacillus sp. from some deteriorated
footwear samples reported by Sanchez-Navarro (2013).
Bacillus subtilis, A. awamori, Pseudomonas aeruginosa
were reported from soaking of animal skins (Zambare et
al., 2013), Jaouadi et al., (2013) isolated B. licheniformis
PWD-1, Brevibacillus brevis. We isolated Arthrobacter
creatinolyticus KJ009396from deteriorated leather sample
which is the first report.
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3.2. Biogenic Silver nanoparticles (AgNPs) synthesis

Biogenic AgNPs were synthesized by using Portulaca
oleracea L. in 20 mins at 75°C at 1:10 ratio of plant extract
to 1mM of silver nitrate solution, formation reddish brown
colour in reaction mixture after incubation indicates
biogenic AgNPs synthesis. Formation of AgNPs at
different time intervals may be due to variation in
secondary metabolites present in the plant extracts
(Firdhouse, 2012). Secondary metabolites play an
important role in reduction of silver nitrate to AgNPs and
for capping of synthesized AgNPs(P. Lalitha, 2015).
Singha (2014) reported AgNPs synthesis at 100°C in 15
mins using Neptunia oleraceae plant extract of 1:10 ratio,
by using aqueous extract of Brassica oleracea, capitata,
and Phaseolus vulgaris silver nanoparticles were
synthesized in dark after 24h (Sushmita Deb,2014). Silver
nanoparticles synthesis was reported by Vanaja (2013)
from stem extract of C. aromaticus in 4 h time of
incubation and observed that colour intensity was
increased while increasing the time incubation which
confirmed increased silver nanoparticles synthesis.

Figure 1. AgNPs synthesis by using Portulaca oleracea L.

3.3. Characterization of Silver Nanoparticles

UV-Vis Spectroscopy

Formation of silver nanoparticles was confirmed
by UV-visible spectra, and highest absorbance peak
was found at 420 nm (Fig. 2). UV-visible spectra
show no evidence of absorption in the range of 400-
800 nm for the plant extract. Singha (2014) reported
the UV absorption peaks of AgNPs by N. oleraceae
from 400 to 440 nm clearly indicating the formation
of spherical AgNPs by using plants extract. Creation
of peak at this range is owing to the phenomenon of
surface plasmon resonance, i.e. excitement of surface
plasmon present on the outer surface of the metal
nanoparticles by applying electromagnetic field;
progressively reduced in the peaks specifies no
further formation nanoparticles. Higher absorbance
spectra is directly proportional to the increasing
particle size. Also, it is well recognized that the
absorbance of Ag NPs depends mainly upon size and
shape. The characteristics of Ag nanoparticles
normally appear at a wavelength interval of 400-
600nm .UV-Vis spectra of Ag nanoparticles
synthesized using the I. balsamina aqueous extract
evince the blue shift of the absorption band with
increasing AgNO3 concentration. This information
shows that the Ag nanoparticles have formed in the
extract, where the Ag+ has been reduced to AgO.

Proteins and all secondary metabolites of extract
play a critical role in both the reducing and capping
mechanism for nanoparticle formation (Aritonang F.
et at.,2019). The position and shape of the plasmon
absorption depends on the particle size and shape
(Chanda, 2013).0ur biogenic AgNPs showed UV-
Vis spectra with highest absorbance peak at 420 nm
indicating the formation of spherical AgNPs by
using Portulaca oleracea L. plants extract.

UV.visible spectroscopy of Biosynthesised AgNPs
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Figure 2. UV-visible spectroscopy of biosynthesized silver
nanoparticles

3.4. Fourier transform infrared spectroscopy (FTIR)

FTIR measurements were carried out to identify the
possible biomolecules responsible for reduction, capping
and efficient stabilization of silver nano particles and the
local molecular environment of the capping agents on the
nanoparticles (Chandra, 2013). Fig.3 represents the FT-IR
spectra recorded for biosynthesized silver nanoparticle
from aqueous extract of Portulaca oleracea L.at 75C
conditions to know the functional group responsible for the
reduction and stabilization of biogenic silver nanoparticles.
The strong peak was observed at 3225.33cm™ may be due
to presence of —OH or —NH group. The peak at 1636cm’™
and 2114 cm™® revealed the presence of carbonyl and -CN
triple bond stretching in proteins respectively. The peaks at
515.24 cm-! showed significant changes upon reduction.
Hence, the presence of these functional groups was
responsible for the stabilization of synthesized AgNPs and
also acts as reducing and capping agent; the results
obtained are in agreement with the result of the Firdhouse
et al.(2012). FTIR measurements of biogenic AgNPs by
using plant extract in present work as well as the literature
cited revealed carboxylic groups and amines from proteins
play an important role in stabilization, reduction and
capping for AgNPs.
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Figure 3. FT-IR spectra of biosynthesized silver nanoparticles at
75°C from aqueous extract of Portulaca oleraceal..
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3.5. Particle size Analysis and Zeta potential

Biogenic AgNPs Dmean number 52.26 nm and in
master curve distribution Dmean number 134.53 nm (Fig.
4&5) were analyzed at 25°C with an average rate count of
1505 kcps at wavelength 657 nm. Asghari Gholamreza
(2014) reported, Statistical distribution of biogenic AgNPs
by the Portulaca oleracea L. plant part extract form
nanoparticles with different sizes; 146 nm, 136 nm and
175 nm for root, leave, and stem extracts, respectively and
the fresh leaves aqueous extract of the plant synthesized
silver nanoparticles with particle size less than 60 nm
(Fridhouse et al., 2012). Shankar et al. (2003) found 50-
100 nm size biogenic AgNPs by using Azadirachta indica.
The present work reported the results obtained are in
agreement with the size of the silver nanoparticle cited in
literature. Zeta potential of biogenic AgNPs was found to
be -29.1mV by Malvern Instruments (Fig. 6) indicates
stable AgNPs while Colloidal silver solution (CSS) Zeta
potential was -51.46 mV reported by Aurora et al. (2013).

Number

I StvistcsTaambuten

T T Y
Denirtar 5]

Figure 4. Particle size Analysis: Statistical distribution

Results
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Zota Potential (mv): -29.1 Poak 1: .29.1 100.0 558
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Figure 5. Zeta potential analysis of Biogenic AgNPs

3.6. X-ray Diffraction Method (XRD)

To calculate the crystalline particle size, crystal
structure and formation of silver nano particles was
confirmed by using XRD valuable research tool (Bindhu
et al, 2013). The XRD pattern silver nanoparticles
synthesized from aqueous extract of Portulaca oleracea
L.(Fig 6) showed the presence of sharp and intense peak at
20 = 32.20° according to Scherrer’s formula,
D,=0.94)/B1/,.Cos0, an average crystal size of the silver
nanoparticles can be estimated from the X- ray wavelength
of the Cu Ka radiation (I=1.54A°), the Bragg angle (6) and
the width of the peak at half height (maximum) (B) in
radians. The particle size of the synthesized nanoparticles
can be calculated using Debye- Scherrer’s equation
D,=0.94)/B1.CosO(nm) ,AgNPs size was found in range
of 28.8 nm to 30.08 nm which was smaller in size than the
reported nanoparticle size32.24 nm (Firdhouse et al.2012).

(Coupled TwoThetaTheta)

Figure 6. X-ray diffraction of Biosynthesized Silver nanoparticles

3.7. Scanning Electron Microscop

The SEM analysis gaves a brief idea about the
morphology and size of the nano particles. For SEM
analysis synthesized silver nanoparticles was coated on a
glass substrate. The micrograph showed well separated
silver nanoparticles with little agglomeration. The particle
size of the synthesized silver nanoparticles varied
compared to that of the size obtained from XRD analysis.
The analysis confirms the shape AgNPs to be spherical.
Similarly, spherical shape silver nanoparticle was reported
by using the leaf extract of Coleus aromaticus (Vanaja,
2013).

3.8. Antibacterial activity of synthesized biogenic AgNPs

The antibacterial properties of the biogenic synthesized
AgNPs were studied, and distinct zone of inhibition was
found against all bacterial leather isolates and zone of
inhibition ranges from 14.66+1.15 - 20.33+£1.52mm in
diameter as shown in Table 1; also compared with the
diameter of zone of inhibition of known antibiotics such as
Streptomycin  (300mcg), Chloramphenicol (25mcg),
Fusidic acid (10mcg), Erythromycin (5mcg), Methicillin
(10mcg) and Novobiocin (5mcg) were used as the positive
control. K. Roy et al., (2015) reported antibacterial activity
of biogenic silver nanoparticles synthesized by using
extract of Cucumis sativus and was studied against three
bacterial ~strains  Staphylococcus aureus  (10mm),
Klebsiella pneumoniae (14mm) and Escherichia coli
(12mm). They found that antibacterial activity of AgNPs
against gram negative was more as compared to gram
positive bacteria, and this is due to the release of Ag+ ions
from silver nanoparticles. Singh et al. (2015) did the
antibacterial assays on Escherichia coli (16£0.5mm) and
Pseudomonas aeruginosa (13 +0.5mm) using biogenic
AgNPs synthesized by green Phyllanthus niruri leaves. In
the present study, biogenic AgNPs showed highest zone of
inhibition against Bacillus amyloliquefaciens KP015745
(20.33mm=1.52mm) which was equal to Erythromycin
(5mcg), Methicillin  (10mcg) antibiotics followed by
Bacillus megaterium KM369985 strain SAK (17+1.73mm)
which was higher than Streptomycin (300mcg), Fusidic
acid (10mcg), Erythromycin (5mcg) and Bacillus
pumiluskKP015747 showed complete resistance against
Chloramphenicol  (25mcg),Erythromycin  (5mcg) and
Methicillin - (10mcg) but biogenic AgNPs showed
inhibition (14.66+1.15mm) (Fig.7&8).
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Table 1.Zone of inhibition shown by different Inhibitors

Zone of inhibition shown by different

Sr. Name of the Inhibitors (mm)

No. organism

A B C D E F G

Bacillus
megaterium
KM369985 strain
SAK

Bacillus cereus
02 KPO15746 15+1 20 25 28 20 25 25
Bacillus pumilus
KP015747

Bacillus
04 amyloliquefaciens 20.33£1.52 36 25 27 20 20 26
KP015745

Arthrobacter
05 creatinolyticus
KP015744

01 17+1.73 14 24 23 18 15 21

03 14.66+1.15 20 - 24 - - 18

16.33£1.52 24 20 22 21 25 22

albicans, respectively. Minimum Inhibitory Concentration
(MIC) of AgNPs against Staphylococcus aureus was
800pg/ml and for E.coli was 300 pg/ml reported by
Vivekanandan et al. (2012) in their study, while Ruparelia
et al. (2008) found MIC for E coli was 40ug/ml, for S.
aureus 120ug/ml, for B subtilis 40pg/ml in his work. Kim
et al., (2011) the MIC of AgNPs against S. aureus and E.
coli was 100 pg/ml. In the current work, the biogenic
AgNPs was found to be more effective than the literature
cited presents.

Table 2. MIC of AgNPs against the selected isolates

Sr. No. Name of the isolate MIC (pg/ml)
1 Bacillus megaterium KM369985 strain SAK 20

2 Bacillus cereus KP015746 5

3 Bacillus pumilus KP015747 5

4 Bacillus amyloliquefaciens KP015745 10

5 Arthrobacter creatinolyticus KP015744 4

Where, A- Biosynthesized silver nanoparticles (20ul), B-
Streptomycin (300mcg), C- Chloramphenicol (25mcg),D- Fusidic
acid (10mcg), E- Erythromycin (5mcg) F- Methicillin (10mcg) G-
Novobiocin (5mcg)

Figure 8. Zone of inhibition B. pumilus

3.9. MIC of Silver Nanoparticles for bacteria

The antibacterial effects of the biogenic silver
nanoparticles were measured by determining the minimum
concentration needed to inhibit the growth of leather
isolates. MIC values of the biosynthesized silver
nanoparticles against leather isolates were given in Table2.
Leather bacterial isolates in the present study were
inhibited at the concentration of 4-20 pg/ml of
AgNPs.Chan Yen San et al. (2013) reported the MIC of
AgNPs were between 1.6-47, 0.25-7.03, 0.4-30 and 0.4—
4.7 pg/mlfor S. aureus, S. epidermidis, E. coli and C.

4. Conclusion:

Preservation of leather by application of biogenic
AgNPs was studied, and it was found that there was no
growth of leather isolates on treated leather samples while
untreated samples started to deteriorate by the isolates.
Even after six months, there was no deterioration of leather
samples, showing the efficiency of biogenic AgNPs in
preservation of leather. Hence, biogenic AgNps obtained
in the present study can be effectively used for leather
preservation.
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Abstract

The present investigation aims to study the pollen morphology and ultra-structure of pollen grain characteristics for nine
Citrus species and three related genera cultivated in Egypt. The pollen grains were photographed by using both light (LM)
and scanning electron microscopy (SEM). Twelve qualitative and quantitative pollen morphological characters were used to
differentiate among the studied taxa. Statistical analysis of palynological data indicated that the pollen size, shape, colpi
length, apertures number and type, ora size, amb shape, mesocolpium diameter and exine ornamentation were the most
distinguished characters in the circumscription of the studied taxa and were of taxonomic value. But the characters of P/E,
ora shape and exine thickness were of less taxonomic value among the closely related taxa of Citrus, Fortunella margarita,

X Citrofortunella floridana and Poncirus trifoliata.

Keywords: Citrus, Fortunella margarita, X Citrofortunella floridana, pollen morphology, Poncirus trifoliata, Rutaceae

1. Introduction

According to Engler, (1931), Rutaceae is divided into
seven subfamilies, primarily by gynoecium characters
especially the fruit type. Citrus species and its related
genera  (i.e. Fortunella, Poncirus, Eremocitrus,
Microcitrus and Clymenia) all belong to subtribe Citrinae,
tribe Citreae, of the orange subfamily Aurantioideae.
Citrus (Rutaceae), characterized by having different life
forms as trees and shrubs. It contains aromatic compounds
with pellucid glands on the stems, leaves and fruits. The
leaves are usually opposed, compound and without
stipules, sometimes with thorns (Sharma, 1993). The
Citrus fruit is berry or hesperidium with a leathery rind or
hard shell and often with pulp formed by juicy or sappy
emergencies that arise on the carpellary walls. Species
within the genus Citrus are highly economic and medicinal
plants distributed all over the world (Swingle and Reece,
1967). Several taxonomists have classified various kinds
of Citrus species into groups and given them valid names
(Roxburgh, 1832; Brandis, 1874; Marcovitch, 1926;
Swingle, 1943; Swingle and Reece, 1967; Hodgson, 1965
and Tanaka, 1936 and 1977). Swingle’s system appears to
be the most useable all over the world (Nicolosi, 2007).

Distinguishing of Citrus species and related genera
according to morphological and geographical distribution
are very difficult because Citrus contains an enormous
degree of genetic variation, with abundant natural
hybridization (Moore, 2001). The classifications of the
genus Citrus are complex and the precise number of
natural species is unclear, as many of the named species

“ Corresponding author e-mail: manaser99@yahoo.com.

are hybrids clonally propagated through seeds (by
apomixes) and there is genetic evidence that even some
wild, true-breeding species are of hybrid origin (Swingle
and Reece, 1967 and Chase et al., 1999). Mandarins,
Pomelo, Citrons, Kumquats, Papedas, Australian and
New Guinean species are considered as the ancestral or
original Citrus species and all the rest are hybrids of them
(Barett and Rodes, 1976; Scora, 1975 and Nicolosi, 2007).

In Egypt, there are no wild Citrus species (Tackholm
1974 and Boulos, 1999). All the present species (about 7
including 9 varieties) are introduced and cultivated in a
cultivation area representing about 29% of the total fruit
area in Egypt (Hamza and Tate, 2017 and Abobatta, 2019).

The use of pollen morphological characters are
important in plant taxonomy. As Davis and Heywood
(1973) pointed out, these characters can be highly
significant at the species and generic levels of taxa or
among higher levels. The use of pollen morphology in
solving taxonomic problems has been used since a long
time ago where Erdtman, (1952) studied the pollen
characters of different Angiosperm and Gymnosperm
families, while both Saad and Taia, (1988) and Taia and
Sheha, (2001) used pollen characters in the differentiation
among Astragalus and Atriplex species, respectively.
Moreover, Taia, (2004) revealed the differences among the
genera of tribe Trifolieae (Leguminosae) using pollen
characters. Besides, Avci et al., (2013) and Inyama et al.,
2015 were able to differentiate among the members of
Onobrychis (Fabaceae), and Citrus (Rutaceae) species,
respectively, using palynological characters. Recently in
(2018), Mary and Gopal studied the pollen morphological
characters of the two genera (Ehretia pubescens and
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Cormona retusa) Ehretiaceae, and proved that it is an
important tool in the identification between them. This
work is considered as a step in finding the way in
differentiating among nine Citrus species and their related
genera.

Therefore, this study aims to investigate and assess the
relationships among nine Citrus species as well as three
related genera cultivated in Egypt using pollen
morphological characters.

2. Materials and Methods

The present investigation was carried out on mature
trees of nine Citrus species and three related genera; Citrus
aurantifolia (Christm.) Swing. [Mexican lime], Citrus
aurantium L. [Sour orange], Citrus grandis (L.) Osheck.
[Pummelo], Citrus latifolia Tanaka [Persian "Tahiti"
lime], Citrus limetta Risso. [Sweet lime], Citrus paradisi
Macf. [Marsh grapefruit], Citrus reshni Hort. ex Tanaka
[Cleopatra mandarin], Citrus reticulate-Blanco
[Clementine tangerine], Citrus sinensis (L.) Osbeck.
[Succari orange], Fortunella margarita (Lour.) Swing.
[Oval Kumquat], and X Citrofortunella floridana J. W.
Ingram & H. E. Moore, which is a hybrid between Citrus
aurantifolia (Christm.) Swing. [Mexican lime], and
Fortunella japonica (Thunb.) Swing. [Round Kumquat],
and Poncirus trifoliata (L.) Raf. [Trifoliate orange] grown
in a private orchard. This orchard is located 120 Km away
from Alexandria on Alexandria-Cairo desert road (GPS
co-ordinates: 30°44'47.8"N, 30°09'15.2"E). These species
were collected by Dr. Mahmoud Abdel-Sattar in the year
2017 and identified at Pomology Department, Faculty of
Agriculture, Alexandria University, and vouchers of the
studied taxa were allocated there.

Four uniform trees were selected from each Citrus
species and related genera, from which mature anthers
were taken from the upper most flowers of the branches to
obtain the mature pollen grains used in this investigation.

Pollen grain samples of all studied taxa were
acetolyzed according to Erdtman's technique (Erdtman,
1952). The acetolyzed samples were used for both light

and scanning electron microscopy. Slides were prepared
from acetolyzed portion of pollen grains for light
microscope examination by mounting in glycerin jelly,
examined and measured using Zeiss light microscope with
a pre-calibrated eye-piece micrometer. Measurements
given are the means of 40 acetolyzed well developed
pollen grains from each taxa.

Pollen grains of the acetolyzed portion were dehydrated
in ethanol series placed onto coverslips, left for ethanol
evaporation then attached to copper stubs by double sided
tape, coated with 30 nm gold using fine coat ion sputter
JEOL JFC 1100E, examined and photographed at 30 KV
using JEOL JSM-3500 scanning electron microscope
present in the Faculty of Science, Alexandria University.
The terminology used in the present study is according to
Faegri, (1956) and Erdtman, (1952).

Statistical analysis

For all the studied taxa, the mean values of the pollen
characters were separated and calculated then compared
using the least significant difference (L.S.D) test at 0.05
level of probability (Snedecor and Cochran, 1990). The
statistical analysis was performed using SAS (Statistical
Analysis System) version 9.13, (2008).

3. Results

The results obtained from the twelve studied taxa are
summarized in table 1 and illustrated in plates 1-12. The
pollen grains of all taxa were monads, radially
symmetrical, isopolar and were different in size. The
pollen shape varied from prolate-spheroidal (P/E 1.02) to
sub-prolate (P/E 1.20) except in F. margarita (Plate 10),
where it was oblate-spheroidal (P/E 0.97). The mean polar
axis length ranged from 26 pm (F. margarita and X
Citrofortunella floridana) to 34.48 pum in C. grandis.
Moreover, the mean equatorial diameter ranged from 26
um (F. margarita and X Citrofortunella floridana) to
33.44 um in C. grandis.

Table 1. Pollen morphological characters of the studied Citrus species and its related taxa

Characters —

Taxa | Common name P.L. E. D. P/E Pol. Sh.  Ap. C.L

C. aurantifolia (Christm.) Swing. Mexican lime g?gg -34.40 ;352 -32.00 117 3 2 iégg -3040
C. aurantium L. Sour orange gg?g -36.00 522(7) -32.00 109 2 5 i;gg -3040
C. grandis (L.) Osbeck Pummelo 3‘1“212 - 37.60 3222 -36.80 103 2 4 3(1)2(1) -34.40
C. latifolia Tanaka Tahiti lime gi:ég -36.00 ;g:zg L2000 3 5 22:22 -31.20
C. limetta Risso Sweet lime 2232 -40.00 2132 -37.60 107 2 1 iggg -36.20
C. paradisi Macf. Marsh grapefruit 5222 -39.20 gggg -35.20 109 2 5 3322 -33.60
C. reshni Hort. ex Tanaka Cleopatra mandarin ;ggg -32.80 ;;‘22 -3L.20 109 2 1 ;223 -21.20
C. reticulata Blanco Clementine tangerine égig -36.20 ;Z?g -36.20 109 2 2 ;Zég -20.60
C. sinensis (L.) Osbeck Succari orange gggg -36.00 gggg - 33.60 110 2 4 3328 -30.00
Fortunella margarita (lour.) Swing.  Oval Kumquat ;ggg -20.60 52(2)(2) -20.60 097 1 3 ;ggg -24.00
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X Citrofortunella floridana J. W. Limequat 24.00 - 28.00 23.20 - 28.80 102 2 1 18.40-23.20
Ingram & H. E. Moore 4 26.56 26.12 : 21.02

. - e 28.80 - 36.00 28.80 - 36.00 23.20-30.4
Poncirus trifoliata (L.) Raf. Trifoliate orange 3296 31.19 1.04 2 2 26.44
LSDo.0s 0.93 0.89 0.03 0.94

P. L. = Mean Polar Length, E. D. = Mean Equatorial Diameter, P/E = Mean Polar length/ Mean Equatorial diameter, Pol. Sh. = Pollen Shape
(1. Oblate-spheroidal, 2. Prolate-spheroidal, 3. Sub-prolate), Ap. = Aperture number and type (1. Tri- and tetra-colporate, 2. Tetra- and
penta-colporate, 3. Tri-, tetra- and penta- colporate, 4. tri- and tetra-colpate and tri- and tetra-colporate, 5. Tetra- and penta-colpate and tetra-
and penta-colporate), C. L. = Mean Colpi Length. Bold Numbers = Mean of means, Italic numbers = Least Significant difference values.

Table 1 (Cont.) Pollen morphological characters of the studied Citrus species and its related taxa

Characters —

Common name Meso. D. Ora L. Ora W. Amb Sh. Ex. Th. Ex.Or.
Taxa |
- . . . . 8.00 - 12.80 1.60 - 2.40 7.20 - 8.80
C. aurantifolia (Christm.) Swing. ~ Mexican lime 9.70 208 771 2 2.40 4
. 8.00 - 12.00 2.40 - 4.00 8.00 - 8.80
C. aurantium L. Sour orange 9.36 3.20 8.30 2 2.70 3
. 8.00 - 13.60 2.40-4.00 7.20 - 8.80
C. grandis (L.) Osbeck Pummelo 11.22 3.06 790 1 2.40 1
- - 8.00 - 12.00 2.40-3.20 7.20 - 8.80
C. latifolia Tanaka Tahiti lime 9.36 297 769 2 2.40 4
. . . 8.00 - 18.40 2.40 - 4.00 6.40 - 8.00
C. limetta Risso Sweet lime 12.72 3.20 730 1 2.40 4
. . 6.40 - 15.20 1.60 - 4.00 6.40 - 8.00
C. paradisi Macf. Marsh grapefruit 10.54 3.30 6.90 2 2.40 1
. . 8.00 - 12.00 3.20-4.00 7.20 - 9.60
C. reshni Hort. ex Tanaka Cleopatra mandarin 9.78 420 8.10 1 2.40 2
. . . 8.00-12.80 1.60-3.20 6.40-7.20
C. reticulata Blanco Clementine tangerine 10.30 290 6.80 2 2.40 2
. . . 6.40 - 14.40 2.40-4.00 7.20 - 8.00
C. sinensis (L.) Osbeck Succari orange 10.40 3.60 720 1 2.40 1
. . 8.00 - 12.00 2.40 - 4.00 4.80-7.20
Fortunella margarita (lour.) Swing. Oval Kumquat 9.82 350 6.08 3 2.40 3
X Citrofortunella floridana J. W. Limeauat 8.00 - 12.80 2.40-3.20 5.60 - 7.20 1 240 3
Ingram & H. E. Moore a 9.82 3.00 6.40 '
. s - 8.80 - 12.00 3.20-3.40 4.80-7.20
Poncirus trifoliata (L.) Raf. Trifoliate orange 10.72 3.20 6.40 2 2.40 3
LSDo.05 0.71 0.44 0.83 0.04

Meso. D. = Mean Mesocolpi Diameter, Ora L. = Mean Ora Length, Ora W. = Mean Ora Width, Amb Sh. = Amb Shape (1. Rounded,
triangular and squared, 2. Squared and rounded, 3. Rounded-triangular, squared and rounded), Ex. Th. = Mean Exine thickness, Ex. Or. =
Exine Ornamentation (1. Tectate-perforate, 2. Tectate-perforate to microreticulate, 3. Foveolate, 4. Reticulate). Bold Numbers = Mean of
means, Italic numbers = Least Significant difference values.

ol
Plate 1. SEM (a-c) and LM (d) photomicrographs of C. aurantifolia pollen grains; a: Equatorial view (colporate) b: Polar view (aperture
number), ¢: Exine ornamentation, d: Polar view (aperture number).

Plate 2. SEM (a-d) photomicrographs of C. aurantium pollen grains; a: Equatorial view (colporate), b: Polar view (aperture number), c:
Exine Ornamentation (colpate - arrow), d: Exine ornamentation (colporate).
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Plate 3. SEM (a-d) and LM (e) photomicrographs of C. grandis pollen grains; a: Equatorial view (colpate - arrows), b: Equatorial view
(colporate), c: Polar view (aperture number), d: Exine ornamentation, e: Polar view (aperture number)

Plate 4. SEM (a-d) and LM (e) photomicrographs of C. latifolia pollen grains; a: Equatorial view (colpate - arrows), b: Equatorial view
(colporate), c: Polar view (aperture number), d: Exine ornamentation, e: Polar view (aperture number)

e A 4 3
Plate 5. SEM (a-c) photomicrographs of C. limetta pollen grains; a: Equatorial and polar views (colporate, aperture number), b:
Polar view (aperture number), c: Exine ornamentation
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Plate 6. SEM (a-b) and LM (c) photomicrographs of C. paradisi pollen grains; a: Equatorial and polar views (colpate -
arrow, colporate, aperture number), b: Exine ornamentation, c: Polar view (aperture number)

A AR el - <« d
Plate 7. SEM (a-c) and LM (d) photomicrographs of C. reshni pollen grains; a: Equatorial view (colporate), b: Polar view
(aperture number), c: Exine ornamentation, d: Polar view (aperture number).

B WV <
Plate 8. SEM (a-c) and LM (d) photomicrographs of C. reticulata pollen grains; a: Equatorial view (colporate), b:
Polar view (aperture number), c: Exine ornamentation, d: Polar view (aperture number).
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Plate 9. SEM (a-c) photomicrographs of :Equatorial and polar views (colpate - arrows, aperture number),
b: Equatorial and polar views (colporate, aperture number), c: Exine ornamentation

G
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Plate 10. SEM (a-c) and LM (d and e) photomicrographs of Fortunella margarita pollen grains; a: Equatorial view (colporate), b:
Equatorial and polar views (aperture number), c: Exine ornamentation, d: Polar view (aperture number), e: Polar view (aperture
number)
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i o N

Plate 12. SEM (a-c) and LM (d) photomicographs o Poncirus trifoliata pollen grains; a: Equatorial view (colporate), b:

Polar view (aperture number), c: Exine ornamentation, d: Polar view (aperture number)

Apertures types

The types of apertures were either colpate or colporate
and ranged from three to five in number. The variations in
the type and number of apertures were found to be within
the same taxa and the same anther as well. Five groups of
aperture types were found; 1) the first group included three
taxa characterized by tri-tetra-colporate aperture types, C.
limetta (Plate 5a and b), C. reshni (Plate 7a, b and d) and X
Citrofortunella floridana (Plate 11a, b and d). 2). The

second group also included three taxa characterized by
tetra-penta-colporate aperture types in C. aurantifolia
(Plate 1a, b and d), C. reticulata (Plate 8 a, b and d) and P.
trifoliata (Plate 12a, b and c). 3). The third group has only
F. margarita which included the tetra-penta-colporate
types, in addition to the tri-colporate ones (Plate 10a, b, d
and e). 4) The taxa in the fourth group were characterized
by tri-tetra-colpate and tri-tetra-colporate aperture types in
C. grandis (Plate 3a, b, c and ¢e) and C. sinensis (Plate 9a
and b). 5) Finally, group five comprised C. aurantium, C.
latifolia and C. paradisi with pollen grains that have tetra-
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penta-colpate and tetra-penta-colporate types of apertures
(Plate 2a, b, ¢ and d; Plate 4a, b, ¢ and e and Plate 6a and
c), respectively.

The ecto-aperture colpi, in all the studied taxa were
long, wide, with rounded or pointed ends, equally spaced
around the equator. They were characterized by uneven
margins and covered with granular membranes. The mean
colpi length varied within the studied taxa from a
minimum of 20.00 pum in both F. margarita and X
Citrofortunella floridana to a maximum of 31.80 pm in C.
grandis. Moreover, the mean mesocolpium diameter
varied from 9.36 pm in C. aurantium and C. latifolia to
12.72 um in C. limetta. The endo-apertures pori were
lalongate in all the studied taxa, where the ora width
ranged from 6.08 to 6.40 pum in F. margarita, X
Citrofortunella floridana and P. trifoliata; slightly wider
from 6.80 to 7.30 pum in C. reticulata a, C. paradisi, C.
sinensis and C. limetta and more than 7.30 um in the rest
of the taxa. The amb shapes are mostly rounded- triangular
or square, and sometimes both shapes are found in the
same taxon. The pollen amb was of two shapes; rounded-
triangular and square in C. grandis (Plate 3c and e), C.
limetta (Plate 5a and b), C. reshni (Plate 7b and d), C.
sinensis (Plate 9a and b), and X Citrofortunella floridana
(Plate 11b and d), while it was also of another two shapes;
rounded and square in C. aurantifolia (Plate 1b and d), C.
aurantium (Plate 2b), C. latifolia (Plate 4c and e), C.
paradisi (Plate 6a and c), C. reticulata (Plate 8b and d) and
P. trifoliata (Plate 12b and d). Besides, the amb was of
three shapes; rounded-triangular, rounded and square in F.
margarita (Plate 10b, d and e).

Exine ornamentations

The exine is considerably thin; it was 2.40 pm thick in
all the studied taxa, except in C. aurantium as it was 2.70
um. The exine ornamentation of the pollen grains of the
studied taxa, as observed by the scanning electron
microscope, appeared in four different types. The first type
was tectate perforate with smooth tectum, which is
provided by more or less rounded pores in C. grandis
(Plate 3d), C. paradisi (Plate 6b) and C. sinensis (Plate 9c).
The second type was tectate perforate to microreticulate
with latimurate reticulum, which is characterized by more
or less straight and smooth muri and rounded to oval small
sized lumina in C. reshni (Plate 7c¢), and C. reticulata
(Plate 8c). The third type was foveolate with latimurate
reticulum, which is characterized by more or less straight
and smooth muri and nearly rounded large-sized lumina in
C. aurantium (Plate 2c and d), F. margarita (Plate 10c), X
Citrofortunella floridana (Plate 11c) and P. trifoliata
(Plate 12c). The fourth type was reticulate with
angustimurate reticulum, which is characterized by straight
and rough muri and the lumina were different in size and
shape in C. aurantifolia (Plate 1c), C. latifolia (Plate 4d)
and C. limetta (Plate 5c).

Pollen types

Accordingly, the studied taxa can be classified into
three different groups according to their pollen characters.
The first group included five taxa; C. grandis, C. limetta,
C. paradise, C. sinensis and P. trifoliata. These five taxa
were characterized by the biggest pollen size, where the

polar axis length was more than 32.20 pum, with prolate-
spheroidal pollen, colpi length more than 26.44 um and
mesocolpium diameter exceed 10.30 um. The second
group included five taxa viz. C. aurantifolia, C.
aurantium, C. latifolia, C. reshni and C. reticulata. These
taxa have medium polar axis length, ranged from 29.80 to
31.58 um with prolate-spheroidal and sub-prolate pollen,
colpi length ranged from 24.48 to 26.44 pm and
mesocolpium diameter ranged from 9.36 to 10.30 um.
Meanwhile, the third group included F. margarita and X
Citrofortunella floridana. Both species have the polar axis
length ranging from 26.00 to 26.60 um, oblate-spheroidal
or prolate-spheroidal pollen, with shorter colpi ranging
from 20.96 to 21.02 pm and mesocolpium diameter of
about 9.82 pm.

In summary, by using pollen morphological characters,
it is very difficult to construct pollen key for the
studied Citrus species, and its related genera, because of
the great similarities among them in shape, aperture, and
exine ornamentation

4. Discussion

The pollen morphological characters and ultrastructure
have been used to identify and distinguish between species
and cultivars of fruit trees (Asma, 2008; Gilani et al., 2010
and Nikoli¢a and Milatovi¢, 2016). Citrus and its related
two genera, Fortunella and Poncirus, are considered one
of the important economic and medicinal fruits in the
world; they are rich plants in vitamin C and volatile oils
(Scora, 1988). However, there are no reports on pollen
morphology of Citrus species in Egypt. Inyama et al.,
(2015) found that palynological characters were useful in
delimiting six studied Citrus species. They could be
exploited in conjunction with other evidence in species
identification and characterization, while they were
insignificant in the reclassification of the investigated taxa.

In the present study, palynological investigations
indicated that variations in pollen morphological
characters were of taxonomic significance. In particular,
the twelve studied taxa were found to be significantly
different from each other in six quantitative pollen
characters; this includes polar length, equatorial diameter,
colpi length, ora length, ora diameter, mesocolpi diameter.
While the mean ratio of the polar length and the equatorial
diameter (P/E) and the exine thickness were insignificantly
different from each other. These results were in agreement
with those reported by Breis et al., (1993) and Mohammad
et al., (1999). The pollen shape varies from oblate-
spheriodal, prolate-spheriodal to subprolate in all the
studied taxa. This finding agrees with that found by Ye et
al., (1981) and Mohammad et al., (1999). The variations of
pollen size were suggested by Kozaki and Hirai, (1986)
and Mohammad et al., (1999) where they reported that
pollen grain of C. grandis and P. trifoliata had larger
pollen than C. latifolia, C. limetta and F. margarita, while
those of C. aurantium, C. sinensis and C. reshni were
intermediate in size. These suggestions were in agreement
with the results of the present study where the studied taxa
were classified into three different groups according to
their pollen size. The first group included C. grandis, C.
limetta, C. paradise, C. sinensis and P. trifoliata, which
have the largest pollen grains, where the polar axis length
ranged from 32.20 to 34.48 um, while the equatorial
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diameter ranged from 29.58 to 33.44 pum. The second
group which included C. aurantifolia, C. aurantium, C.
latifolia, C. reshni and C. reticulata had medium sized
pollen grains, where the polar axis length ranged from
29.80 to 31.58 um, while the equatorial diameter ranged
from 26.42 to 28.27 pm. Moreover, the third group
included two taxa F. margarita and X Citrofortunella
floridana with the smallest pollen grains, where the polar
axis length ranged from 26.04 to 26.56 um, while the
equatorial diameter ranged from 26.12 to 26.22 um. On the
contrary, these groups did not coordinate with Al-Anbari
et al., (2015), who recognized four groups in the lraqi
pollen grains based on pollen size and exine
ornamentation.

Meanwhile, the most variable characters found in the
present investigation were within the number and type of
apertures, exine ornamentations, ora width as well as
mesocolpium diameters. This was in line with Ye et al.,
(1981) and Mohammad et al., (1999).

Grant et al., (2000) found considerable variation in
pollen morphology of subfamily Aurantioideae, which
divided the studied taxa into five pollen types. The
differences include aperture number, ecto-colpus shape
and size, exine ornamentation and wall structure. When
designating pollen types for the subfamily Aurantioideae,
the principal characters used were the aperture number and
exine ornamentation. These characters were in harmony
with the obtained results and as a conclusion, the aperture
type and ora size were the most distinguished characters in
the circumscription of the studied taxa. According to the
type and number of apertures, five types were observed in
the studied taxa. Type (1) Tri-tetra-colporate was found in
C. limetta, C. reshni and X Citrofortunella floridana. Type
(2) Tetra-penta-colporate was found in C. aurantifolia, C.
reticulata and P. trifoliata. Type (3) Tri-tetra-penta-
colporate was found in F. margarita. Type (4) included
both "tri-tetra-colpate and tri-tetra-colporate” and was
found in C. grandis and C. sinensis. Finally, type (5)
included both "tetra-penta-colpate and tetra-penta-
colporate” and was found in C. aurantium, C. latifolia and
C. paradisi. These multi types of pollen apertures were
found in the studied species from the same anther which
may be due to chromosomal abnormalities as mentioned
by Stace et al., (1993).

Moreover, the exine thickness was the same in all the
studied taxa and considered as an insignificant character,
while the exine ornamentations showed great variations in
the sculpturing types and have taxonomic value in the
classification of the studied taxa, where it was diversified
from tectate-perforate, tectate-perforate to microreticulate,
foveolate or reticulate. According to the exine
ornamentations, four different types were observed. Type
(1) was tectate-perforate in C. grandis, C. paradisi and C.
sinensis. Type (2) was tectate-perforate to microreticulate
in C. reshni and C. reticulate, while Type (3) was
foveolate with latimurate reticulum in C. aurantium, F.
margarita, X Citrofortunella floridana and P. trifoliata.
Type (4) was reticulate with angustimurate reticulum, in C.
aurantifolia, C. latifolia and C. limetta. These findings
agree with those found by Ye et al, (1981) and
Mohammad et al., (1999), while disagreeing with the
results of Kozaki and Hirai (1986) who stated that the
exine patterns were sub-reticulate in the species of Citrus,
Poncirus, X Citrofortunella floridana and Fortunella.

5. Conclusions

In the present investigation, the pollen size, pollen
shape, colpi length, the apertures number and type, ora
size, amb shape, mesocolpium diameter, and exine
ornamentation were the most distinguished characters in
the circumscription of the studied taxa. All the studied
pollen grain characters except ora shape and exine
thickness could be considered as of taxonomic value in the
differentiation among the closely related taxa of Citrus,
Fortunella, X Citrofortunella floridana and Poncirus in
the present study.
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Abstract

Phalaenopsis amabilis is an Indonesian native orchid often used as parent to produce various orchid hybrids. However, this
natural orchid is increasingly difficult to find growing naturally in the forest due to over-harvesting and destruction of its
natural habitat. The objectives of this study were to investigate the effect of plant growth regulators (PGRs), light regime,
and organic substances on the induction and regeneration of somatic embryos (SEs) of P. amabilis orchid. Root, stem, leaf,
and protocorm explants were cultured on New Phalaenopsis (NP) medium supplemented with thidiazuron (TDZ) (0.0, 1.0,
2.0, 3.0 mg L) in combination with o-napthalene acetic acid (NAA), 2,4-dichlorophenoxyacetic acid (2,4-D), and indole
acetic acid (IAA) with concentrations of 1.0, 2.0, and 3.0 mg L. Light and dark conditions were tested for their
effectiveness to induce the formation of SEs, and the resulting SEs were cultured on NP medium supplemented with various
organic substances (banana, bean sprout, tomato, and potato extracts) with concentrations of 50, 100, 150, 200, and 250 g L
! Results showed that the highest number of SEs (36.45 +0.26 embryos) was found in stem explants cultured in NP medium
supplemented with 3.0 mg L™ TDZ and 1 mg L™ NAA. When explants were cultured in dark conditions, the number of SEs
significantly increased with the highest number of SEs achieved in stem explants culture in 3.0 mg L TDZ and 1.0 mg L™
NAA. NP medium supplemented with 150 g L™ tomato extract was the most effective medium for growth of SEs-derived
plants. Seedlings of this treatment produced an average of 4.20 £0.17 leaves and 3.20 +0.11 roots after 12 weeks of culture.
In conclusion, SEs can be produced effectively from stem explants with a combination of 3.0 mg L TDZ and 1.0 mg L™

NAA, one month early in dark conditions, and regenerated on NP medium with addition of tomato extract.

Keywords Organic substances, plant growth regulators, Phalaenopsis amabilis, somatic embryogenesis

1. Introduction

Orchidaceae is one of the largest and diverse families
of flowering plants. About 5000 of 20,000 species of
orchid live naturally and distributed throughout Indonesia
(Schuiteman, 2010). P. amabilis is one of the most
important orchids in Indonesia. This orchid has preeminent
flowering characteristics with beautiful flower shape and
graceful inflorescence; it also has been used extensively in
the breeding program as parent plant to create new
superior hybrids (Semiarti et al., 2010). However, the
availability of this orchid is hindered due to illegal trade
and deforestation; hence, other means of propagation
would be required such as tissue culture technique.

Somatic embryogenesis is a powerful system for plant
mass propagation through tissue culture technique and has
been extensively used for orchid conservation
(Bhattacharyya et al., 2016; Moradi et al., 2017). In plant
tissue culture systems, the addition of plant growth
regulators (PGRs) into the culture medium is the most

“ Corresponding author e-mail: endsemi@ugm.ac.id.

preferred way to induce somatic embryogenesis (Borpuzari
and Borthakur, 2016; Méndez-Hernandez et al., 2019).
Usually, the combination of auxin and cytokinin is the
most utilized PGRs during the initiation of somatic
embryos (SEs) in orchid plants (Shen et al., 2018;
Soonthornkalump et al., 2019; Zanello and Cardoso,
2019). Previously, we successfully developed an efficient
protocol to induce SEs formation using thidiazuron (TDZ)
(Mose et al., 2017).

Structurally, TDZ is different from natural purine-
based cytokinins which have a typical 5-carbon side chains
(Tarkowski et al., 2009). However, TDZ’s action in
development is much closed to cytokinin metabolism and
associated with isopentenyl adenine that lead to rapid cell
division and initiation of organogenesis (Guo et al., 2011).
TDZ is widely used in plant somatic embryogenesis, either
alone or conjugated with other PGRs (Hong et al., 2010;
Guo et al., 2011). Jainol and Gansau (2017) reported that
combination of TDZ and a-napthalene acetic acid (NAA)
successfully induced high number of SEs from leaf tip
explants of Dimorphorchis lowii orchid. Moreover, Moradi
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et al. (2017) reported that combination of TDZ and 2,4-D
induced SEs formation from single node, crown, apical
bud, and protocorm explants of Epipactis veratrifolia
orchid.

It has been found that incubation of explants with NAA
or 2,4-D during somatic embryogenesis induction
produces an increase of endogenous auxin in some species
(Pasternak et al., 2002; Vondrakova et al., 2011). Ayil-
Gutiérrez et al. (2013) reported that the addition of NAA
in the culture medium during somatic embryogenesis
induction increased the free IAA and IAA amide
conjugates levels in Coffea canephora explants, where part
of the increase of the auxin content is due to de novo
synthesis. Ceccarellil et al. (2000) reported that 2,4-D
induced tryptophan-dependent synthesis of IAA in Daucus
carota suspension culture during the induction of SEs.
Furthermore, considerable efforts have been made to
identify light conditions that are needed to optimize the
protocol for somatic embryogenesis induction in plants
(Baharan et al., 2015). Light is one of the crucial factors
affecting plant tissue culture (Hew and Yong, 2004). The
intensity and condition of light has been reported to affect
somatic embryogenesis induction in Cattleya and
Oncidium orchids (Cueva-Agila et al., 2016; Sampaio et
al., 2010). In Phalaenopsis orchid, low intensity of light is
known to accelerate in vitro shoot formation (Tanaka et
al., 1988).

Various kinds of organic substances have also been
used in large-scale for orchid tissue culture including
banana pulp, potato extract, coconut water, corn extract,
and beef extract (Nambiar et al., 2012). Yong et al. (2009)
reported that certain organic substances contain growth
factors such as cytokinin and auxin which were found to
have potential for promoting growth of tissue cultured
plants. Trans-zeatin riboside (ZR) and trans-zeatin (Z)
which are cytokinins contained in banana pulp (Ge et al.,
2008), auxin and gibberellin in tomato extract (Shuiying et
al., 2016) and bean sprout extract (Sanjaya et al., 2019),
and cytokinin in potato extract (Anstis and Northcote,
1975; Lomin et al., 2018) are very beneficial for balancing
nutrient availability in the culture medium.

Organic substances promote growth of orchid seeds,
increase the size of protocorm-like bodies (PLBs), and
help regeneration of plantlets (Abbaszadeh et al., 2018;
Chew et al., 2018; Duli¢ et al., 2018). It was reported in
Abbaszadeh et al. (2018) that organic substances contained
not only PGRs, but also vitamins, inorganic ions, amino
acids, and sugars. Hence, the present investigation was to
know the effect of PGRs and light regime on the induction
of SEs, and the effect of organic substances on the
regeneration of SEs in P. amabilis orchid.

2. Materials and Methods

2.1. Plant materials, growth conditions, and culture
medium

Green siliques were collected from P. amabilis potted
plants following 120 days of self-pollination. The siliques
were dipped in 70% ethanol, passed over a Bunsen gas
burner fire and waited until the fire went out. This process
was repeated three times. After being sterilized and cut
open the seeds were taken out and sown on New
Phalaenopsis (NP) solid medium (Islam et al., 1998;

Semiarti et al., 2010). Cultures were maintained at a
temperature of 25 +1°C with 14 umol m? s intensity of
continuous light.

2.2. PGRs treatment to induce SEs formation

To evaluate the effect of PGRs on SEs formation, we
performed a test with 144 combinations of four kinds of
explants (protocorm, leaf, stem, and root), three different
kinds of auxins (NAA, 2,4-D, and IAA), and 12
combinations of TDZ concentrations (0.0, 1.0, 2.0, 3.0 mg
L'l) and NAA or 2,4-D or IAA concentrations (1.0, 2.0,
3.0mgLY).

Roots, stems, and leaves of 6-month-old in vitro
plantlets and 4-week-old protocorms were used as explants
(Figure 4a, f, k, and p). Explants were cut transversely (+
0.5 cm) and planted on NP solid medium supplemented
with the combination of PGRs. Cultures were maintained
at a temperature of 25 +1°C in dark conditions for the first
14 days of culture and then transferred to 16 h light
conditions. Subcultures were conducted every two weeks
and observed every day using dissecting microscope
(Eschenbach, Germany). Photographs were taken once a
week for eight weeks using digital camera (Canon Power
Shot A2400, Japan).

2.3. Light treatment for SEs formation

In order to determine the role of light and dark
conditions in the formation of SEs in P. amabilis orchid,
we selected the best combination of TDZ and NAA, or
2,4-D, or IAA in all types of explants and repeated the
assays culturing the explants in the dark or in 16 h light
photoperiod for the first month of culture. After one
month, cultures in dark conditions were transferred to 16 h
light conditions. Cultures were maintained with a
temperature of 25 +1°C. Observations were conducted
every day using dissecting microscope and photographed
once a week for eight weeks using digital camera.

2.4. Histological analysis of SEs development

Histological sections of SEs were prepared using
paraffin method according to Ruzin (1999). The sections
were examined under light microscope (Olympus, Japan)
and photographed using Optilab Microscope Camera
(Miconos, Indonesia).

2.5. Additional organic substances in the culture media
for plant regeneration

Four different organic substances (banana, bean sprout,
tomato, and potato extracts) with five different
concentrations (50, 100, 150, 200, 250 g L) were
evaluated for SEs regeneration. Banana (Musa paradisiaca
var. sapientum), bean sprout from mung bean (Vigha
radiata), tomato (Lycopersicon esculentum) cultivar
‘Arthaloka’, and potato (Solanum tuberosum) cultivar
‘Granola’ was obtained from local markets. Banana,
tomato, and potato were separately prepared by cutting
them into 1 cm® cubes, while bean sprout was cut into two
parts. Each material was homogenized, and homogenate
was filtered through a steel mesh with a 150 um pore size.
Each organic substance was added into the media prior to
autoclaving. Mature SEs produced from the best
combination of PGRs in all types of explants (experiment
2.2) that have formed leaf primordia were planted on NP
solid medium supplemented with organic substances. NP
basal medium without addition of organic substances was



© 2020 Jordan Journal of Biological Sciences. All rights reserved - Volume 13, Number 4

used as control. Cultures were maintained at a temperature
of 25 +1°C with 14 pmol m? s intensity of continuous
light. Observations were conducted using dissecting
microscope and photographed once a week for 12 weeks
using a digital camera.

2.6. Experimental design and data analysis

In the experiments, each explant and plant were
referred to as one replicate. Twenty replicates for SEs
induction and regeneration were used in each experiment.
For SEs induction, explants were cultured in Petri dishes
(2100 mm x 15 mm). Each Petri dish contained five
explants. For regeneration of SEs, 100 mL culture flasks
were used. Each flask contained 3 — 4 plantlets. Data were
subjected to analysis of variance (ANOVA) and
comparisons between the mean values of treatment made
by the Duncan’s Multiple Range Test calculated at the
confidence level of p < 0.05. The statistical package SPSS
(Version-22) was used for the analysis.
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3. Results

3.1. Effect of PGRs on direct SEs formation

The results showed that among the treatments, the
highest number of SEs (36.45 +0.26) was observed in stem
explants cultured on NP medium supplemented with 3 mg
L TDZ and 1.0 mg L™* NAA (Figure 1). Furthermore, we
found that the combination of TDZ and 2,4-D highly
inhibited SEs formation in all types of explants. SEs failed
to form in root explants cultured at all concentrations of
2,4-D alone with no TDZ (Figure 2). In addition, root and
leaf explants cultured on NP medium supplemented with
1.0 mg L™ TDZ and 3.0 mg L™ 2,4-D, and root explants
cultured on NP medium supplemented with 1.0 mg L*
TDZ and 2.0 mg L 2,4-D did not form any embryos. In
combination of TDZ and IAA, the highest number of SEs
was found in stem explants cultured on NP medium
supplemented with 3.0 mg L TDZ and 1.0 mg L 1AA,
resulted in 25.20 £1.96 embryos per explant (Figure 3).
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Figure 1. Effects of combination of TDZ and NAA on the formation of SEs from various types of explants in Phalaenopsis amabilis. Data
in the bars followed by the same letters are not significantly different by Duncan’s multiple range test at p < 0.05.
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Figure 2. Effects of combination of TDZ and 2,4-D on the formation of SEs from various types of explants in Phalaenopsis amabilis. Data
in the bars followed by the same letters are not significantly different by Duncan’s multiple range test at p < 0.05.
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Figure 3. Effects of combination of TDZ and IAA on the formation of SEs from various types of explants in Phalaenopsis amabilis. Data in
the bars followed by the same letters are not significantly different by Duncan’s multiple range test at p < 0.05.

Histological analysis showed that pro-embryos
consisted of small, thick-walled cells, and clearly
distinguishable from the surrounding cells by the dense
cytoplasm and conspicuous nucleus (Figure 5a). Pro-
embryos enlarged and subsequently formed globular
embryos with suspensor at the basal region (Figure 5b-c).
Globular embryos developed into scutellar embryos with
notch at the apical region of embryo (Figure 5d). Shoot
apical meristem (SAM) eventually formed from the notch,
surrounded by two leaf primordia, coleoptile, and
procambium in the middle part of embryo (Figure 5e),
marked the development of a mature embryo.

The present results showed that direct somatic
embryogenesis was achieved in all treatments. After first
subculture, pro-embryos emerged from the wounding site
of protocorm and stem explants (Figure 4h and r), and
from the tissue near the cut side of root and leaf explants
(Figure 4c and m). These embryos further developed,
progressively enlarged, became globular and eventually
formed a distinctive feature on the apical region (Figure
4d, i, n, s) before forming leaf primordia (Figure 4e, j, o,
and t).
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Figure 4. Developmental stages of SEs of Phalaenopsis amabilis from various explants. (a-e) Root (f-j) stem (k-0) leaf and (p-t) protocorm
explants, (b, g, I, q) Section of explants were cultured in the treatment medium, Pro-embryos appeared from the wounding area of stem (h)
and protocorm (r) explants, and near the cut side of root (c) and leaf (m) explants, and subsequently formed globular structure (arrows), (d, i,
n, s) Embryos formed a distinctive feature on the apical region (arrows), (e, j, 0, and t) Embryos with leaf primordia (arrows). Scale bars (a,

f, k, p—t): 100 uM, Scale bars (b — e, g - j, | = 0): 200 pM.
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Figure 5. Anatoy of SE development in Phalaenopsis amabilis.

(a) Pro-embryos consisted of cells with large and densely-stained nuclei

(arrow); (b) Pro-embryo developed into globular embryo (arrow) and formed suspensor (arrow) at the basal region (c); (d) Scutellar embryo
with notch at the apical region (arrow); (e) Mature embryo consisted of SAM, leaf primordia (Ip), coleoptile, and procambium. Scale bars:

200 pm.

3.2. Effect of light regime during SEs formation

When explants were cultured in dark conditions for the
first month of culture, higher number of SEs were obtained
(Figure 6). The highest number of SEs was found in stem
explants cultured on NP medium supplemented with 3 mg
L-1 TDZ and 1 mg L-1 NAA, which gives values of 40.12
+0.31 embryos per explant. Meanwhile, light conditions
highly retarded SEs formation in all explants. Explants
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formed whitish to yellow-green SEs in darkness (Figure
7a), and turned green after one week transferred to light
conditions (Figure 7b). On the other hand, explants easily
become browned and eventually necrotic in light
conditions, and the SEs formation rate was reduced
(Figure 7c-d). In both treatments, stem explants had the
best embryogenic response than other types of explants.
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Combination of PGRs

Figure 6. Effects of light regime on the formation of SEs from various types of explants in Phalaenopsis amabilis. Data in the bars followed
by the same letters are not significantly different by Duncan’s multiple range test at p < 0.05.
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Figure 7. Growth of SEs after cultured in dark and light conditions for one month. SEs from stem explant cultured in dark conditions
appeared whitish to yellow-green in color (a) and turned green after one week transferred to light conditions (b); Explant cultured in ligh
conditions turned into brown and the number of embryos decreased (c-d). Scale bars: 500 pm.

3.3. Effect of additional various organic substances on
regeneration of SEs

SEs of P. amabilis responded variably when cultured
on different organic substances. The seedling development
process began with the formation of leaf primordia at the
apical region of SEs (Figure 8a). First leaf initiated after 2

weeks of subculture (Figure 8b), followed by a formation
of second leaf and first root one month later (Figure 8c).
The formation of second root started after 8 weeks, and it
was followed by the elongation of roots (Figure 8d). After
12 weeks of culture, a seedling could produce up to two
leaves and two roots (Figure 8e).

Figure 8. Growth of SEs into plantlets on NP basal medium. (a) Eight-week-old mature SEs; (b) Leaf primordia fully grown into leaves
after 2 weeks of subculture; (c) After 4 weeks, the second leaf and root has formed; (d) Plantlet after 8 weeks and (e) 12 weeks of culture.

Scale bars: 0.5 cm.

The effects of organic substances on the regeneration of
SEs into seedlings are shown in Table 1 and Figure 9. The
results revealed that the regeneration of SEs had
significantly enhanced by the addition of organic
substances. Among the different organic substances,
tomato extract was found to be the most effective. It was
observed that SEs treated in NP medium containing 150 g

! tomato extract successfully produced 4.20 +0.17 leaves
after 12 weeks of culture with an average length of leaves
at 25.21 £0.31 mm, and the average width of leaves at 8.06
+0.05 mm per responsive explant. Moreover, the addition
of 150 mg L™ of tomato extract also promoted the highest
number of roots (3.20 +0.11 roots) with an average length
of roots at 25.03 +0.19 mm.

Figure 9. SE-derived plantlets after 12 weeks of culture on NP media supplemented with different organic substances. (a) Control; (b)
Banana extract; (c) Bean sprout extract; (d) Tomato extract; (e) Potato extract. Scale bars: 1 cm.
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Table 1. Effect of additional organic substances on regeneration of SEs after 12 weeks of culture

515

Organic

?;li_s_tle)\nces Number of leaves I(ri?rf\ lfggt)h I(??\?rf\ \;V'Sc:;;] Number of roots (Rn?%t Itesng;h
Control 2.00 £0.14% 5.73 £0.09° 3.71 £0.07° 1.70 £0.12° 8.33 £0.49°
Banana

50 2.15 £0.16%* 6.31£0.22° 4,08 £0.08™ 1.90 £0.12%® 10.61 £0.92°
100 2.40 £0.22% 10.88 £0.16° 4.88 +0.07* 2.00 £0.12% 13.28 £0.50"
150 2.70 £0.23%f 13.38 £0.12° 5.91 £0.14" 2.40 20,17%f0N 16.29 £0.78"
200 3.40 £0.19% 11.26 £0.18% 5.69 £0.09%" 2.35 £0.13%f" 14.56 +0.50%
250 3.10 £0.24"" 9.06 +0.23° 5.28 £0.07° 2.20 0,13 11.03 £0.11™
Bean sprout

50 2.10 £0.13* 11.00 £0.11° 3.92 £0.03" 2.10 +0.14% 14.34 £0.85°
100 2.30 £0.17° 14.57 £0.11" 421 20.05° 2.25 20,140 17.51 £0.62!
150 3.15 £0.19"" 19.04 £0.18¢ 4.86 +0.06" 2.50 £0.13" 20.39 £0.13"
200 3.5520.17" 17.35£0.17 5.33 £0.05 2.70 £0.10" 16.62 £0.26'
250 3.35 £0.24%" 15.81 £0.10' 5.00 +0.05° 2.30 014"t 15.24 £0.12"
Tomato

50 3.00 £0.17%" 17.80 £0.25 6.68 £0.03' 2.10 £0.12%e 19.69 £0.18'
100 3.55 £0.22" 21.00 £0.32' 7.44 0.06' 2.50 £0.11¢9" 22.00 £1.02°
150 420017 25.21 +0.31" 8.06 +0.05" 3.200.10 25.03 +0.19°
200 3.60£0.11" 23.09 £0.26™ 7.64 £0.02" 2.8020.13' 21.26 £0.13"
250 3.4510.18" 18.57 £0.15¢ 7.06 £0.07" 2.70 £0.12" 18.06 £0.99"*
Potato

50 2.60 0.16™ 7.36 £0.14° 4,69 £0.05" 1.95 +0.15%° 12.70 +0.60"
100 2.80 20,171 11.61 £0.15° 5.04 £0.04° 2.40 £0,13%f0N 16.58 £0.40'
150 3.20 £0.15"" 15.31£0.13' 5.66 +0.04° 2.65 £0.13%" 18.68 £0.44¢
200 3.00 £0.19°%" 17.32 £0.18' 6.01 £0.05' 2.55 0.11%M 15.66 £0.65%"
250 2.45 +0,15% 14.69 £0.18" 5.80 £0.04%" 2.35 £0.15%f" 11.60 £0.58°

Note: Data in the same column followed by the same letters are not significantly different by Duncan’s multiple range test at p < 0.05.

4. Discussion

4.1. Effect of PGRs on SEs formation

PGRs are key in impacting somatic embryogenesis
(Mujib et al., 2016). In most investigated cases, SEs
induction initially requires auxin and cytokinin added
together in the culture medium. In orchids, various classes
of auxins have been widely employed and reported in a
number of species like Cymbidium Twilight Moon ‘Day
Light’ (Teixeira da Silva and Tanaka, 2006), Malaxis
densifolia (Mahendran and Bai, 2016), E. veratrifolia
(Moradi et al., 2017), P. aphrodite (Gow et al., 2018), and
Paphiopedilum niveum (Soonthornkalump et al., 2019). In
this study, TDZ in combinations with various auxins
(NAA, 2,4-D, IAA) were incorporated in NP medium to
evaluate their effects on SEs formation in various types of
explants of P. amabilis orchid. Among the combination of
PGRs, 3.0 mg L TDZ and 1.0 mg L™ NAA produced the
highest number of SEs from stem explants. It is worth
noting that Khoddamzadeh et al. (2011) reported a high
level of direct SEs induction (72%) when P. bellina leaf
tissues were cultured on the same medium. Nevertheless,

Zanello and Cardoso (2019) reported low SEs formation
when using lower concentration of TDZ and high
concentration of NAA (0.125 mg L™ TDZ and 1.0 mg L*
NAA) on leaf tissues of Phalaenopsis hybrid ‘RP3” and
‘Ph908’.

In other reports, combination of 2,4-D with TDZ at
appropriate concentrations was effective for SEs induction
in Oncidium ‘Gower Ramsey’ (Chen and Chang, 2000),
Cattleya maxima (Cueva Agila et al.,, 2013), and E.
veratrifolia (Moradi et al., 2017). On the contrary, we
found that the use of 2,4-D and TDZ highly retarded the
formation of SEs in P. amabilis orchid. In accordance with
our results, Shen et al. (2018) also reported the inhibitory
effect of 2,4-D and TDZ on SEs formation in Tolumnia
Louise Elmore ‘Elsa’ orchid. No globular embryos were
found at this combination that resulted in high percentage
of browning (100%). Yam and Arditti (2017) stated that
the effects of the same auxin may differ in respect to one
species and may not be the same with another orchid. In
line with this, Naranjo et al. (2016) reported that different
genetic makeup plays a role in tissue culture
responsiveness. Moreover, we also anticipate the
difference between the basal medium in each research.
Oyamada and Takano (1985) found that the response of



516 © 2020 Jordan Journal of Biological Sciences. All rights reserved - Volume 13, Number 4

SEs to certain PGRs depended on the particular chemical
level in the basal solution.

Apart from the kind of PGRs, explant types also affect
the formation of SEs in orchid (Chugh et al., 2009).
Leaves are the most common target tissue used for SEs
induction in orchid (Jainol and Gansau, 2017). Different
protocols have been developed for a number of orchid
species through somatic embryogenesis using leaf explants
(De Conti et al. 2018; Shen et al., 2018, Zanello and
Cardoso, 2019). However, orchid leaves are known to be
recalcitrant to regeneration and possessed high oxidation
rate (Temjensangba and Deb, 2005; Kaur and Bhutani,
2009). Recently, SEs were regenerated from seed-derived
protocorm and stem explants (Mose et al, 2017,
Soonthornkalump et al., 2019). Here, we found that stem
explants successfully produced high number of SEs in all
PGRs combinations. Consistent with our results, Kanjilal
et al. (1999) also reported that SEs were effectively
induced from stem disc culture of Dendrobium moschatum
orchid.

4.2, Effect of light regime during SEs formation

Light is known to affect induction and maturation of
somatic embryogenesis (Meneses et al., 2005; Chung et
al., 2007). In some orchid plants, somatic embryogenesis
induction is more effective in the absence of light (Gow et
al., 2009; Sampaio et al., 2010). Cueva-Agila et al. (2016)
reported that light inhibits the formation of SEs in leaf
explants of Cattleya maxima orchid. In the present
research, it was perceived that explants cultured in light
conditions for the first 30 days of culture produced lower
number of SEs compared to explants cultured in dark
conditions. In addition, Gow et al. (2009) reported that leaf
explants of P. amabilis Shimadzu var. formosa and P.
nebula showed high intensity of browning after 60 days of
culture in light conditions. Explant browning is greatly
affected by light (Patel et al., 2018). Light induced the
production and accumulation of phenolic compounds (von
Aderkas et al., 2015). North et al. (2010) reported that
oxidation of phenolic compounds produced quinones that
are toxic and causing tissue necrosis and death of explant.
In studies on leaf explants of date palm plants (Phoenix
dactylifera), light stimulated secretion of phenolic
compound and inhibited callus formation (Baharan et al.,
2015).

4.3. Effect of additional organic substances on
regeneration of SEs

Regeneration response of SEs into plantlets are
generally slow in many orchid genera including
Phalaenopsis (Yam and Arditti, 2017). Hence, the media
and its formulation are important to maximize orchid’s
vigour in the tissue culture conditions (Gnasekaran et al.,
2010). Chew et al. (2018) reported that addition of organic
substances in the culture medium increased the percentage
of SEs regeneration response. Besides containing
hormones, proteins and minerals, organic substances have
also become natural carbon source that is needed for
orchid development (Nambiar et al., 2012). Carbon
sources of culture medium supplement the low CO,
concentration and light energy deficiency to the plants
under in vitro conditions (Sarmah et al., 2017). Organic
substances such as banana and tomato contain carbon

source in the form of simple or complex sugars
(Gnasekaran et al., 2010). Sugars enter into the metabolic
pathways and breaking down of sugar produces the
required energy for in vitro orchid germination, growth of
cells, buds, and even plantlets growth (Zahara et al., 2017).

In this study, medium supplemented with 150 g L™ of
tomato extract gave the highest plantlet growth rate. Our
result is also in agreement with a study on the growth
enhancement effect of tomato extract in Dendrobium
hybrids (Hapsoro et al., 2018), Vanda helvola (David et
al., 2015), and Vanda Kasem’s Delight (Gnasekaran et al.,
2012). Furthermore, Gnasekaran et al. (2010) reported that
tomato extract serves to promote cell division through
cytokinin and increased the percentage of Phalaenopsis
violacea PLBs proliferation rate.

According to Semiarti et al. (2010), tomato (L.
esculentum “Arthaloka’) extract contained 3.70% total
sugars, 1.78% total proteins, 1.05% crude fibre, 1.84%
total carotene, 0.042% vitamin C, 0.024% antioxidants
(DPPH:  1,1-diphenyl-2-picrylhydrazyl), and other
components. Gnasekaran et al. (2012) reported that the
presence of antioxidants in the culture medium
successfully prevented browning of PLBs of Vanda
Kasem’s Delight orchid. Moreover, Cunningham et al.
(1996) reported that carotenoids with cyclic end-groups
were essential com6ponents of photosynthetic membranes
and play a role in preventing photo-oxidation. Apart from
carotenoid and DPPH, tomato also contains lycopene.
Lycopene served as strong antioxidant which inhibits free
radical formation, assists wound cells repairing process,
and inhibits DNA oxidation (Halliwel, 1996). The
presence of these antioxidants successfully prevented
browning of culture and maximized the growth of SEs into
plantlets.

5. Conclusion

Direct somatic embryogenesis in P. amabilis orchid can
be effectively induced from various explants by using a
combination of auxin and cytokinin, with the best
combination being 3.0 mg L TDZ and 1.0 mg L™ NAA.
Stem of in vitro seedlings was the best explant to be used
to induce direct somatic embryogenesis in P. amabilis.
Dark condition was needed for SEs formation, and
addition of tomato extract has effectively increased the
regeneration rate of SEs. These findings provided efficient
protocols for commercial propagation and conservation of
P. amabilis orchids.
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Abstract

Some individuals of a freshwater fish species Heteropneustes fossilis were divided into groups A-D. Group A and B were
kept in artificial freshwater. Group C and D were maintained in calcium-deficient freshwater. The groups A and C were
administered with vehicle and the groups B and D were injected with estradiol. Plasma calcium levels and UBG were
studied after 1, 3, 5, 10 and 15 days.

In group B fish, estradiol administration resulted in hypercalcemia from day 3 to 10; however, after day 15 calcium level of
plasma slightly decreased. Plasma calcium level of group C exhibited slight decrease from that of the day 1 to 3. Thereafter,
the level increased on day 10 and 15. Plasma calcium level of the estradiol treated group D exhibited progressive increase
from day 3 to 15.

In group B, the nuclear volume of UBG exhibited progressive increase from day 5 to 10 and displayed weak staining
response of cytoplasm. After day 15, few degenerating cells were noticed and nuclear volume of UBG cells exhibited slight
decrease. In group C, staining response of the cytoplasm of UBG cells became slightly weak on day 10 and 15. In group D,
there is a progressive increase in the nuclear volume from day 10 to 15, and the ultimobranchial cells displayed weak

staining response. Moreover, after day 15, few degenerating ultimobranchial cells were observed in group D.

Keywords:Estradiol, Fish, Plasma calcium, Ultimobranchial gland

1. Introduction

The fish possess a unique and more complex system
than that of the terrestrial vertebrates as they remain in
intimate contact with surrounding water which provides an
inexhaustible supply of calcium, thus building calcium
gradients across the body surface. In land vertebrates,
direct exchange of calcium between body and surrounding
medium is not possible and they rely solely on dietary
calcium uptake. In this condition, body calcium level is
regulated by a balance between intestinal calcium
absorption and renal calcium excretion.

The fish regulate their blood calcium level very
efficiently, which involves different hormones such as
prolactin from pituitary, vitamin D metabolites, calcitonin
from ultimobranchial gland (UBG) and stanniocalcin from
corpuscles of Stannius (CS) (Srivastav 1983, 1989;
Srivastav and Srivastav 1988; Srivastav and Singh 1989,
1992; Srivastav et al. 1995, 1998; Prasad et al. 2015 and
Kumar et al. 2017). Different hormones act through
various target organs such as skin, fin, gut, gill, bone, and
kidney for calcium regulation.

Vitellogenin is released into the circulation after
its synthesis from the liver (Baily 1957; Chen 1983;
Bjornsson and Haux 1985 and Kwon et al. 1993) and

“ Corresponding author e-mail: ajaiksrivastav@hotmail.com.

transported to the ovaries where it is conjugated as vitellin
and stored as yolk (Persson et al. 1994, 1995 and Yeo and
Mugiya 1997). Vitellogenin synthesis is induced by
estradiol-17p (Naderi et al., 2015). The increased plasma
calcium level during vitellogenesis has been correlated
(Bjornsson and Haux, 1985) with the enhanced synthesis
of vitellogenin which binds calcium ions. During
vitellogenesis, there is an increased calcium demand which
has to be taken either from the environment, and intestinal
uptake or from the internal calcium reservoirs.

The source of additional calcium needed after estradiol-
induced vitellogenesis in fishes is in controversy.
Increased calcium uptake from the environment (Fleming
et al. 1964 and Persson et al. 1994), mobilization from
scales (Mugiya and Watabe 1977; Carragher and Sumpter
1991 and Persson et al. 1994, 1995), muscles (Persson et
al. 1994) and from bile (Mugiya and Hazama 1994) have
been reported after estradiol treatment in fishes. On the
contrary, Estradiol treatment to fish has also been reported
not to affect the calcium uptake from environment
(Mugiya and Ichii 1980), tissues like muscle (Carragher
and Sumpter 1991), bone (Mugiya and Watabe 1977
Carragher and Sumpter 1991 and Persson et al. 1994), and
intestine (Mugiya and Ichii 1980) as well as calcium
excretion through kidneys (Carragher and Sumpter 1991
and Persson et al. 1994).
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In this study, an attempt has been made to investigate
the effects of estradiol administration in a freshwater
catfish, Heteropneustes fossilis maintained either in
artificial freshwater or in calcium-deficient freshwater. The
experimentally induced changes by this hormone in the
plasma calcium level have been correlated with the activity
of the ultimobranchial gland.

2. Materials and methods

Live specimens of the freshwater catfish
Heteropneustes fossilis (both sexes; body wt. 27-39 g)
were collected from Gorakhpur, India (26.7606° N,
83.3732° E) and acclimated to laboratory conditions for
two weeks in plastic pools (48 inch x 40 inch x 22 inch;
capacity 125 gallon). The tank-water was half renewed
daily and the fish were fed on dry shrimp powder on
alternate days. For experimentation, 12 fish were kept in
glass aquaria containing 10 litres of the medium. The
water was replaced on alternate days. The Ethical
Committee of the Department of Zoology, DDU
Gorakhpur University, approved all the experimental
protocols.

Experimentation: After acclimation the fish were
divided into four groups (A-D) and were given the
following treatments:

Group A: The fish from this group were given a single
intra-peritoneal injection of groundnut oil as a vehicle (0.1
ml /100 g body wt) and kept in artificial freshwater.

Group B: The fish from this group were given a single
intra-peritoneal injection of 0.1 ml of estradiol preparation
(1 mg/100 g body wt) and kept in artificial freshwater.

Group C: The fish from this group were given a single
intra-peritoneal injection of the vehicle (0.1 ml of ground
nut 0il/100 g body wt) and kept in calcium-deficient
freshwater.

Group D: The fish from this group were given a single
intra-peritoneal injection of 0.1 ml of estradiol preparation
(1 mg/100 g body wt) and kept in calcium-deficient
freshwater.

The preparation of estradiol used for the groups B and
D were dissolved in groundnut oil. The doses of estradiol
were selected on the basis of experiments done earlier on
the same fish species (Singh et al., 2009). Plasma
concentrations of E, ranged from 0.12+0.04 ng ml-1 to
0.96+0.13 ng ml-1 in males and 1.04+0.19 ng ml-1 to
10.50+0.97 ngml-1 in females from resting phase to
spawning phase (Tewary et al., 2001). The fish were not
fed for a period from 24 h before to the end of the
experimentation.

For experimentation freshwater and calcium-deficient
freshwater were prepared with the following compositions:
a) Artificial freshwater: Distilled water containing (in

mmol/liter): NaCl 2.10; Na,SO, 0.45; KCI 0.06; CaCl,

0.8; MgCl, 0.20. pH of the solution was adjusted to 7.6

with NaHCO3,.

b) Calcium-deficient freshwater: same as the artificial
freshwater without CaCl,.

Twelve fishes from each group were anaesthetized with
MS 222 and blood samples from caudal peduncle were
collected in heparinized tubes on days 1, 3, 5, 10 and 15
following the treatment. The plasma were separated by
centrifugation and used to analyse its calcium content with
Sigma kits. After collection of the blood samples, the fish

were autopsied and the body parts containing the UBG
gland were removed and fixed in aqueous Bouin’s fluid.
The tissues were routinely processed in graded series of
alcohol, cleared in xylene and embedded in paraffin. Serial
sections were cut at 6 um and stained with hematoxylin-
eosin (HE).

Nuclear indices (length and width) were determined
(300 nuclei were measured from six specimens) with the
aid of ocular micrometer, and then nuclear volume was
calculated as:

Volume = 4/3 7 ab?

Where ‘a’ is the major semiaxis and ‘b’ is the minor semiaxis.

Data were presented as the mean = S.E. of six
specimens and Student’s t-test was used to determine
statistical significance, and P value was set at <0.05. Each
experimental group was compared to its specific time
control group.

3. Results

3.1. Biochemical and histological parameters of Group
A and B fish:

Plasma calcium level of the vehicle-injected fish (group
A) exhibited almost no change throughout the experiment
(Figure 1).

GROUPA i 1 onours B onourc L | srouro

15 »

14

13

12

Plasma Calcium (mg/100ml)

Days

Figure 1. Changes in the plasma calcium levels of Heteropneustes
fossilis kept under four different experimental conditions. Group
A vehicle-injected fish kept in artificial freshwater, Group B
estradiol-injected fish kept in artificial freshwater, Group C
vehicle-injected fish kept in calcium-deficient freshwater or
Group D estradiol-injected fish kept in calcium deficient
freshwater. Each value represents mean + S.E. of six specimens.
Asterisk indicates significant differences (P<0.05) with vehicle-
injected specimens

No significant change has been noticed in the plasma
calcium level in the estradiol treated group B fish up to
day 1. However, a progressive increase of calcium level
was observed from day 3 to day 10, but after day 15 the
level slightly decreased (Figure 1).

The ultimobranchial gland of the vehicle-injected
(control; group A) Heteropneustes fossilis exists in the
interseptum between the pericardial and abdominal
cavities. It is not visible with the naked eyes and can only
be detected in the serial sections of the interseptum with
the aid of an optical microscope. A thick connective tissue
sheath envelops the ultimobranchial gland. The
ultimobranchial gland consists of follicles and cell cords
(Figure 2). All the ultimobranchial cells are alike, having
indistinct cell boundaries and eosinophilic cytoplasm. The
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gland of the vehicle-injected fish exhibited no change in
histological structure throughout the experiment.

" ./ A

Figure 2. Histomorphograph of ultimobranchial gland of 5 day
vehicle-injected Heteropneustes fossilis kept in artificial
freshwater showing follicles (broken arrow) and cords (arrow).
HE x 200.

In estradiol-treated group B fish, there was no change
in the nuclear volume of ultimobranchial cells up to day 3.
From day 5 to 10 the nuclear volume exhibited a
progressive increase (Figure 3). Moreover, the
ultimobranchial cells display poor staining response after
days 5 and day 10 (Figure 4). After day 15, few
degenerating cells were noticed (Figure 5) and the nuclear
volume decreased slightly (Figure 3).
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Figure 3. Nuclear volume of ultimobranchial gland of
Heteropneustes fossilis kept under four different experimental
conditions. Group A vehicle-injected fish kept in artificial
freshwater, Group B estradiol-injected fish kept in artificial
freshwater, Group C vehicle-injected fish kept in calcium-
deficient freshwater or Group D estradiol-injected fish kept in
calcium deficient freshwater. Each value represents mean + S.E.
of six specimens. Asterisk indicates significant differences
(P<0.05) with vehicle-injected specimens.

Figure 4. Histomorphog;aph of ultimobranchial gland of 10 day
estradiol treated fish kept in artificial freshwater exhibiting weak
staining (arrows) response. HE x 200.

Figure 5. Histomorphograph exhibiting degenerating cells
(arrows) in the ultimobranchial gland of 15 days estradiol treated
Heteropneustes fossilis maintained in artificial freshwater. HE x
200.

3.2. Biochemical and histological parameters of Group
C and D fish:

The plasma calcium level of the vehicle-injected
group C fish exhibited a slight decrease on days 1 and 3 as
compared to fish kept in artificial freshwater. Thereafter,
the plasma calcium level had increased on days 5, 10 and
15 resulting in hypercalcemia (Figure 1).

The plasma calcium levels of the estradiol treated
group D fish exhibited no change at day 1. Estradiol
treatment caused a progressive increase in the plasma
calcium level from day 3 to 15 (Figure 1).

There was no change in the ultimobranchial gland of
the vehicle-injected group C fish up to day 5. On days 10
and 15, the ultimobranchial cells exhibited slightly less
staining intensity (Figure 6). These cells did not exhibit
significant change in their nuclear volume throughout the
experiment (Figure 3).

The nuclear volume of ultimobranchial cells in
estradiol-treated group D fish did not show significant
change up to day 5. From day 10 to 15, a progressive
increase in the nuclear volume (Figure 3) of the
ultimobranchial cells was observed with less staining
intensity (Figure 7). Moreover, after day 15, few
degenerating cells were noticed in the gland (Figure 8).

Figure 6. Histomofphogréph of ultimobranchial gl'ahd of 10 day
vehicle-injected fish kept in calcium-deficient freshwater showing
decrease staining response of the cytoplasm (arrows). HE x 200.
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Figure 7. Histomorphograph of ultimobranchial gland of 10 day
estradiol treated Heteropneustes fossilis kept in calcium-deficient
freshwater depicting weak staining (arrows) response of the
cytoplasm. HE x 200.
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Figure 8. Histomorphograph exhibiting degenerating cells

(arrows) in the ultimobranchial gland of 15 day estradiol treated
fish maintained in calcium-deficient freshwater. HE x 200.

4. Discussion

In the present study, estradiol treatment caused
elevation in the plasma calcium level of the fish kept in
artificial freshwater. This derives support from reports of
earlier workers, who have also reported an increase in
plasma levels of this electrolyte after estradiol treatment
(Baily 1957; Fleming et al. 1964; Yamada et al. 1982;
Bjornsson and Haux 1985; Bjornsson et al. 1989; Norberg
et al. 1989; Madsen and Korsgaard 1991; Mugiya and
Hazama 1994; Persson et al. 1994, 1995 and Srivastav et
al. 2016, 2017). The increased blood calcium might be due
to increased mobilization from internal stores. Calcium
mobilization from scales has been noticed in E, (estradiol)
treated rainbow trout (Carragher and Sumpter 1991 and
Persson et al. 1994) and goldfish and killifish (Mugiya and
Watabe 1977). Muscle calcium mobilization has been
reported by Persson et al. (1994) in E, treated rainbow
trout. Mugiya and Watabe (1977) and Carragher and
Sumpter (1991) have reported that there was no change in
calcium content of muscle, vertebrae, rib bones, jaws or
otolith of rainbow trout (Oncorhynchus mykiss) after
estradiol treatment.

As the fish were not fed in the present study, the
increased plasma calcium content in estradiol treated H.
fossilis could not be attributed to the increased intestinal
calcium uptake.

In calcium-deficient freshwater estradiol administration
resulted into hypercalcemia. There exists no report of such
a study from teleosts. Since calcium is not available in the
surrounding media and also the animals were not fed in the
present study, the hypercalcemia observed in estradiol
treated H. fossilis could not be linked to the calcium
absorption at intestinal mucosa and/or branchial calcium
uptake. Enhanced calcium uptake from the environment
after estradiol injection has been reported from other fish
species (Fleming et al. 1964 and Persson et al. 1994). In
contrast, Mugiya and Ichii (1980) have noticed no effect
of estradiol on the in situ branchial calcium uptake.

The ultimobranchial gland of estradiol treated fish kept
either in artificial freshwater or calcium deficient
freshwater exhibited an increased activity which is evident
by increased nuclear volume and degranulation of
ultimobranchial cells. Several workers have noticed an
increase in the activity of ultimobranchial gland during
gonadal maturation (Lopez et al. 1968; Yamane and
Yamada 1977; Srivastav 1983; Ahmad and Swarup 1988
and Singh 1990). Moreover, it has been reported that

female chum salmon and Japanese eel have higher
circulating calcitonin levels during spawning period
(Deftos et al. 1974; Watts et al. 1975 and Yamauchi et al.
1978). The observed hyperactivity of ultimobranchial
gland may be attributed to the estradiol induced maturation
as suggested by these workers. This response of the
ultimobranchial gland may also be linked to the protection
of skeletal calcium as suggested by Chan et al. (1968) and
Yamauchi et al. (1978).

In vehicle-injected H. fossilis kept in calcium-deficient
freshwater, the ultimobranchial gland became active on
day 10 and 15, which is evident from weak staining
response of the ultimobranchial cells. This may be due to
the observed hypercalcemia at these intervals.

5. Conclusion

It can be concluded that (i) estradiol caused
hypercalcemia in fish kept either in artificial freshwater or
in calcium-deficient freshwater, (ii) The ultimobranchial
gland of estradiol treated fish kept either in artificial
freshwater or calcium deficient freshwater exhibited an
increased activity.
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Abstract

Amending soil with weeds, among the organic farming practices, is an innovative approach to improve crop yield and
recycle nutrients. A pot experiment was carried out to investigate the impact of amending soil with phenolic rich Cichorium
pumilum Jacq. leaves (0.0, 10 and 20 g powdered dry matter kg™ soil) on maize responses to salt stress (0.0, 100 and 200
mM NaCl). Generally, soil amendment enhanced the growth of maize and alleviated the negative stress impact. Amendment
at 10 g powered dry leaves of C. pumilum kg soil enhanced the total chlorophyll in severe stressed plant, compared with
that grown in unamended stressed soil. Antioxidants such as flavonoids content were increased in all stressed and unstressed
samples grown in the amended soil. Consequently, soil amending also induced less oxidative damage (hydrogen peroxide
and lipid peroxidation) in stressed plants. Reduced oxidative damage was also associated with the increased catalase and
peroxidase activities, and these increases were higher in root explaining the more enhancement in root growth (Pearson
correlation). Results indicated that using C. pumilum Jacg. amendment, as a way of organic farming, mitigated the harmful
effect of salinity on maize plants via its antioxidative potential. Weed amendment, as one of the organic farming methods,

contributed via its ability to release antioxidant phenolic compounds.

Keywords:Antioxidant, Organic farming, Phenolic compounds, Salt stress

1. Introduction

Cichorium pumilum Jacg. (synonym: C. endivia subsp.
Divaricatum (Schousb.) P.D. Sell, C. divaricatum
Schousb., C. endivia subsp. Pumilum (Jacq.) Coutinho, C.
intybus subsp. pumilum (Jacq.) Ball)
(http://www.theplantlist.org) belongs to family Asteraceae.
It is one of the annual wild plants growing in Egypt. It also
grows as one of the undesired weeds infecting Egyptian
fields as well as other fields in some of the Mediterranean
countries (Abu-lrmaileh, 1982; Boulet et al., 2002;
Gervilla et al., 2019; Qasem, 1992). Previous studies
stated that genus Cichorium is well defined with the
presence of polyphenols including phenolic acids and
flavonoids in addition to the presence of sesquiterpenoids
(El-Shafey and AbdElgawad, 2012; Kisiel and Michalska,
2006). Also, the antioxidant and antiradical activities of
the genus Cichorium have been proved (Ghanaatiyan and
Sadeghi, 2017; Sahan et al., 2017).

Organic farming as an alternative to conventional
agriculture offers solutions to the environmental problems
created by some of the practices such as using industrial
fertilizers and pesticides. Organic farming is one of the
fastest growing agriculture practices over the world, due to
providing soil with long-term fertility, supplementing crop
with nutrients and reducing adverse impacts of farming
systems on the natural habitats and environment (Hassan et
al., 2018; Padel and Lampkin, 1994; Peigné et al., 2016).
Amending soil with organic wastes and plant residues
comes among organic farming practices to enhance soil

fertility, recycling nutrients and biodiversity and microbial
populations (Lim et al., 2015). In addition, organic
amendment contributes to supply nutrients and enhance
plant productivity depending on the quality and quantity of
the amendment (Diallo et al., 2006; Roy et al., 2010).
Investigating the influence of weed residues on crop
productivity has attracted attention, since removing weeds
manually, leaving to dry and mixing with soil or ploughing
them directly with soil is already still among farming
practices (Batish et al., 2007; Hassan et al., 2018).
Previous studies recommended utilizing weed residues to
enhance crop biomass and yield (Awodun and Ojeniyi,
1999; Awopegba et al., 2016; Falade and Ojeniyi, 1997).
Salt stress is among the main constraints that cause a
great loss in crop production. It severely affects plant via
inducing osmotic stress and ion toxicity. Moreover,
salinity disturbs redox homeostasis in plant cells, causing
the burst of reactive oxygen species (ROS). These ROS
result in oxidation of lipids, proteins and nucleic acids,
leading to membrane damage, enzymatic inhibition and
metabolic  dysfunction and finally plant death
(Hasanuzzaman et al., 2013; Liang et al., 2018). Parallel to
production of ROS generally produced from electron
transport systems, plant evolved enzymatic antioxidant
defense systems including superoxide dismutase (SOD)
catalase (CAT) and peroxidase (POD) in addition to
nonenzymatic ones such as ascorbate, glutathione,
tocopherol, flavonoids and polyphenolic compounds
(Liang et al., 2018; Parida and Das, 2005). Plants with
more effective employment of their enzymatic and non-
enzymatic antioxidants exhibit more enhanced salt
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tolerance, as ROS scavenging is very important in salt
tolerance (Chinnusamy et al., 2005). There is a worldwide
demand for inexpensive and environmentally safe
technologies to overcome salinity problem, increase plant
tolerance and enhance soil. This makes amending soil with
weeds, particularly those rich in phenolics, one of the
options that may secure most of these demands.

In the present study, our hypothesis is that C. pumilum
amendment enhances maize plant growth, especially under
stress conditions. To test this hypothesis, the antioxidative
potential of C. pumilum amendment (10 and 20 g powered
dry leaves kg soil) and its impact on maize growth under
different levels of salt stress (0.0, 100 and 200 mM NacCl)
were investigated. The biochemical basis of the main
effects of amendment (10 g powered dry leaves kg™ soil),
salinity and their interaction on maize plant were also
studied.

2. Materials and Methods

Fresh leaves of the flowering plants of Cichorium
pumilum Jacg. were collected during winter season from
clover and wheat fields in Beni-Suef Governorate, Beni-
Suef, Egypt. Samples were identified as reported
previously (El-Shafey and AbdElgawad, 2012).

2.1. Extraction of phenolic compounds

The collected leaves were washed under running tap
water and then washed three times using distilled water.
Leaves were air dried at room temperature and then
grinded to fine powder. For preparation of the aqueous
extract, about 5 g of the powdered dry leaves were soaked
in 100 ml dist. water and agitated on the orbital shaker for
24 hours at 110 rpm and 60°C. The extract was centrifuged
at 4000 rpm, filtered through a muslin cloth and then
through filter paper Whatman No. 1 by using vacuum and
pressure pump (AP-9925 Auto Science). The filtrate was
concentrated by using a rotary evaporator (Shanghai Senco
Technology Company, Shanghai, China) under reduced
pressure at 45°C. Finally, the residue was collected and
used for HPLC analysis.

2.2. Analysis of free phenolic compounds

After drying, the residue of aqueous extract was
dissolved in HPLC grade MeOH to give 1000 ppm, then
20 ul of methanol dissolved sample were injected into
HPLC system (Shimadzu class-LC 10 AD chromatograph
supplied with shimadzu SPD-10 AUV-VIS). Phenomenex
C18 column (25cm*4.6mm i.d, 5Mm particle size) was
used as a stationary phase for HPLC determinations. The
retention times of twenty-five highly purified phenolic
compounds (Sigma-Aldrich Laborchemikalien, Germany)
as well as our sample were detected at 254 nm.
Quantitative determinations were carried out using
calibration curves of the standards, and values of phenolic
compounds were expressed as g g™ dry weight.

2.3. Treatments and plant growth analysis

Experiment was repeated twice, giving similar trends,
and results of one are shown. Before sowing, pots (15 cm
diameter and 15 cm depth) were filled with sandy clay soil
(2:3), and the dry powder of Cichorium leaves was applied
as amendment at 0.0, 10 and 20 g powered dry leaves kg™
soil (mixed with 2 cm depth of the surface soil layer). Ten
grains of maize (single cross 10; Sc10) were sown per each
pot in a random way. Pots with amended and unamended

soil were irrigated with tap water and kept in net house at
the Botanical Garden, Botany and Microbiology
Department, Faculty of Science, Beni-Suef University,
where average high and low temperatures were 32-35 and
20-22°C respectively, during May and June. After
emergence, the growing seedlings were thinned to 4
seedlings. After two weeks of sowing, pots were irrigated
with salt solutions (0.0, 100 and 200 mM NaCl) and
permanently kept at its field capacity level. The
experiment was designed in a split-plot design, where the
amendment treatments were the main plots and salinity
levels were subplots. After two weeks of salinity
application, the plants were harvested and used to
determine the growth parameters (lengths, and fresh and
dry weights of both root and shoot). The biochemical
analyses were performed in fresh and dry samples of
plants grown in both amended (10 g powered dry leaves
kg soil) and unamended soils.

2.4. Photosynthetic pigments and flavonoids

The photosynthetic pigments were extracted and
estimated  according to  Lichtenthaler  (1987).
Approximately 0.5 g of fresh leaves was homogenized in 5
ml cold acetone (80%) and the extract was centrifuged for
ten minutes at 4000 rpm and 4°C. The optical density of
the extract was measured at 663.2, 646.8 and 470 nm using
80% acetone as a blank. The amounts of chlorophyll (Chl)
a, Chl b and carotenoids were calculated in pg per mi
extract by using the equations given below, and expressed
as ug g dry weight.

Concentration of Chl a = 12.25 A 432 - 2.79 A g6
Concentration of Chl b 21.50 A g58 - 5.10 A 4632
Concentration of carotenoids = (1000 A 4,0 -1.82 Chla
- 85.02 Chl b) /198

Total flavonoids were extracted in 80% methanol
(Sayed et al., 2017). The mixture was agitated overnight at
100 rpm on an orbital shaker and then centrifuged at 6000
rpm at room temperature. Content of total flavonoids was
determined in the supernatant by aluminum chloride
(Zhishen et al., 1999). The absorbance was read at 510 nm.
Quercetin standard curve was used to estimate the
concentration of total flavonoids that was expressed as g
g dry weight.

2.5. Enzymatic antioxidants

Frozen samples were homogenized in cold phosphate
buffer (67 mM and pH 7.0). The homogenate was
centrifuged at 10,000 rpm for 15 min at 4°C, and the
supernatant was used as a crude enzyme. Activity of SOD
(EC 1.15.1.1) was quantified based on the competitive
inhibition of nitroblue tetrazolium chloride (NBT)
reduction by the superoxide radical (Beyer, 1987). One
unit of SOD activity was calculated as the amount of
enzyme required to cause 50% inhibition of the rate of
NBT reduction. The activity of catalase (CAT; EC
1.11.1.6) was assayed by following the decomposition of
H,0, as a decline in the absorbance at 240 nm (Kato and
Shimizu, 1987). Catalase activity was calculated using the
extinction coefficient (40 mM™ cm? at 240 nm) and
expressed as UM H,0, destroyed min* g fresh weight.
Peroxidase (POD; EC 1.11.1.7) activity was estimated
following the change of catechol absorbance at 430 nm
due to oxidation by H,0, (Kar and Mishra, 1976). The
enzyme activity was expressed as the change in optical

density of catechol min* g™ fresh weight.
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2.6. Hydrogen peroxide (H202) and lipid peroxidation
(LPO)

One gram of frozen plant material was homogenized
with 10 ml of 0.1% trichloroacetic acid (TCA) and the
homogenate was centrifuged at 10,000 rpm for 15 min.
The supernatant was used for assaying H,0O, and lipid
peroxidation. Hydrogen peroxide was estimated by
potassium iodide and the absorbance was recorded at 390
nm (Velikova et al., 2000). The concentration of H,0,
was calculated from its standard curve and expressed as
UM g fresh weight. Lipid peroxidation (LPO) was
determined by measuring the absorbance of the colored
complex formed due to reaction of malondialdehyde
(MDA, a principal product of lipid peroxidation) with
thiobarbituric acid (TBA) at 532 nm (Jambunathan, 2010).
The amount of MDA was calculated using the extinction
coefficient of 155 mM™' cm™ and expressed as nmol g!
fresh weight.

2.7. Statistical analysis

All statistical analyses were performed using SPSS
16.0 program for Windows (SPSS, Chicago, IL, USA).
Split-plot ANOVA was applied to investigate the effect of
amendment, salinity and their interaction. Differences
among means were established using Duncan test (P <
0.05), and Pearson correlations were determined among
variables.

3. Results

3.1. Free phenolic compounds in C. pumilum

Nine free phenolic compounds, most of which are
phenolic acids, were detected and quantified in the
aqueous extract of C. pumilum (Table 1). Among these,
caffeic acid (18.9%), gallic acid (16.2%), pyrogallic acid
(14.2%), vannilic acid (14.0%) and cinnamic acid (13.6%)
were the most abundant phenolic compounds detected in
C. pumilum aqueous extract. Also, ferulic acid with the
proportion 10.7% of the total detected compounds was
found in the aqueous extract. Protocatechuic acid,
coumarin and apigenin were found in lower proportion
(3.0-5.3%).

Table 1. HPLC analysis of phenolic compounds in aqueous
extract of C. pumilum Jacqg. leaves

Standard phenolic Retention time min ~ Concentration

compounds
Standard Sample pg g dry weight

Gallic acid 8.2 8.2 151.1
Pyrogallic acid 9.2 9.3 132.2
Protocatechuic acid 12.7 12.8 28.0
Caffeic acid 18.0 18.1 176.4
Vanillic acid 18.0 18.1 130.4
Coumarin 22.2 21.6 38.6
Ferulic acid 249 25.0 99.6
Cinnamic acid 36.1 36.0 126.7
Apigenin 38.0 38.2 49.0
Total 932.0

3.2. Plant growth

Salinity adversely affected growth parameters of maize,
while amendment enhanced these parameters and
alleviated their loss exerted by salinity as compared with
control (Table 2 and Figure 1). As interaction
(salinityxamendment) was significant for shoot and root
lengths as well as root fresh weight (P < 0.001 and P <
0.05, respectively; Table 2), the amendment-induced
enhancement in these parameters was more pronounced
under stress conditions, particularly the severe one (Figure
la-b, d). Amendment significantly increased means of
shoot (P < 0.001; Table 2) and root (P < 0.05) dry biomass
of both salt stressed and unstressed maize (Figure le-f). In
most cases, there was no significant difference between the
influence of 10 g and that of 20 g of C. pumilum
amendment; both significantly enhanced shoot and root
biomass. However, the dose 10 g of amendment was the
most effective in mitigating the adverse effect of salinity
on plant growth. For example, shoot and root dry weights
treated with 10 g amendment amplified by 2 and 5.7 fold,
respectively (Figure le-f) as compared with those grown
under severe stress without amendment.

Table 2. Mean Squares of main effects and interaction for morphological and physiological criteria of maize treated with C. pumilum

amendment and salinity.

Source df  Shoot length Root length Shoot FW Root FW Shoot DW Root DW
Salinity 603*** 82%x** 3.3%*= 0.022 0.049%** 0.002
Amendment 1498*** 172%** 5.5x** 0.375* 0.036*** 0.01*
Salinityx Amendment 134%** 34 0.097 0.113* 0.003 0.002
Chla Chlb Carotenoids Total chlorophyll Chl a/b
Salinity 2 29333 46243%** 1812 149173* 0.032
Amendment 1 10850 159795%*= 1205 87368 2.107***
Salinityx Amendment 2 78504 12330* 9890** 153009* 0.079
Shoot flav Root flav Shoot SOD Root SOD Shoot CAT Root CAT
Salinity 2 648*** 305%** 29114*** 554085* 1802*** 6575%*=*
Amendment 6247+ 624*** 6277 485253 632** 5036***
Salinityx Amendment 2 10.7 0.106 7230%** 357811* 62.3 1044**=
Shoot POD Root POD Shoot H,0, Root H,0, Shoot LP Root LP
Salinity 2 7484 9603*** 3485%** 4409* 2066*** 3803***
Amendment 1 1661* 2150%** 2892%** 8916* 3562%*+* 11769***
Salinityx Amendment 2 287* 2176%** 14.8 866 99.6 417**

*, ** **% <significant at 0.05, 0.01, and 0.001 probability levels, respectively, Chl a; chlorophyll a, Chl b; chlorophyll b, flav; flavonoids,
SOD, superoxide dismutase, CAT; catalase, POD; peroxidase, LP; lipid peroxidation.
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Figure 1. Effect of C. pumilum amendment on shoot and root lengths (a-b), fresh weights (c-d) and dry weights (e-f) of maize under
different levels of salt stress (0.0, 100 and 200 mM NaCl). Treatments of 0, F10 and F20 are 0.0, 10 and 20 g amendment kg soil. Values
are means of 5 replicates + SE. Values with at least one similar letter are non-significantly different at P=0.05. Capital letters are for main
effect of amendment, while small letters are for multiple comparison in case of a significant interaction.

3.3. Photosynthetic pigments and flavonoids

Under severe stress, both Chl a and carotenoids as well
as total chlorophyll declined below control (Table 3), but
that decline was alleviated by applying amendment
making the levels of these parameters approach that of
control. Amendment mainly augmented Chl b content
leading to a significant decrease (Table 2; P < 0.001) in
Chl a/b ratio. Salinityxamendment interaction was
significant for Chl b and total Chlorophyll (P < 0.05), as
well as for carotenoids (P < 0.01). In all these traits,
amendment effectively enhanced their levels and alleviated

the loss imposed in them by severe salt stress (Table 3).
Means comparison of flavonoids, one of the non-
enzymatic antioxidants, revealed a significant decline as
affected by salinity (P < 0.001; Table 2) and was more
apparent at the highest level of stress, while the main
effect of amendment significantly increased means of
flavonoids of all the stressed and unstressed shoot and root
(P < 0.001; Table 2-3). Although there was no significant
interaction for this parameter in both organs, the increase
in flavonoids value as affected with amendment was more
pronounced in the stressed organs, particularly roots.

Table 3. Effect of C. pumilum amendment (10 g powered dry leaves kg™ soil) on photosynthetic pigments and contents of shoot and root
flavonoids in maize plants under different levels of salt stress (0.0, 100 and 200 mM NaCl).

Treatments Chla Chlb Carotenoids Total chlorophyll Shoot flavonoids Root flavonoids
(Mgg'drywt) (ugg'drywt) (ugg’drywt) (ugg™drywt) (Mgg'drywt) (ug g™ drywt)
Cc 592 + 0 432 + 18c 217 * 4c 1024 + 24b 137 + 0.04 385 + 15 3119 =+ 07
F 425 + 4 570 + 3d 146 £ 20ab 995 + 30b 075 + 007 5337 + 05 4273 =+ 15
100 506 + 134 313 + 87b 224 % 57c 819 + 221b 162 + 0.02 2961 + 11 219 + 0.8
F-100 311 + 98 447 £+ 22¢ 170 + 17abc 758 + 120b 069 + 018 3974 + 08 3365 =+ 0.7
200 267 = 31 184 + 12a 124 + 14a 451 + 43a 145 = 0.08 20 + 07 1687 = 05
F-200 481 + 262 477 + 57c 201 %+ 6lbc 958 + 319 096 + 044 3033 + 1.0 2894 + 06

Values are means of 3 replicates + SE. Values with at least one similar letter are non-significantly different at P=0.05, while those with no
letters are incase nonsignificant interaction. F; Samples amended with 10 g powered dry leaves per kg soil.

3.4. Enzymatic antioxidants

The effect of salt stress on SOD activity was
contrasting to that on CAT and POD enzymes. While
salinity amplified the activity of SOD, those of CAT and
POD were decreased by increasing NaCl-concentration in
both shoot and root of maize (Figure 2). Moreover,
amending soil with C. pumilum dry powdered leaves
significantly inhibited SOD, but stimulated CAT and POD
in both parts. Interaction (salinityxamendment) was
significant on SOD of both shoot and root (P < 0.001 and
0.05, respectively; Table 2). At 200 mM NaCl, amendment
kept the activity of shoot SOD nonsignificantly changed
relative to the nonamended samples, while declined that of
root SOD to the level of control (Figure 2a-b). Salinity

dimensioned CAT and POD activities in shoots grown in
both amended and nonamended soils. In all the
investigated salinity levels, CAT activity of the amended
shoots was higher than that of the nonamended ones,
whereas the alleviating effect of amendment on shoot POD
was significant only under severe stress (P > 0.05; Table
2). Although salinity induced a dramatic decline in CAT
and POD of roots grown in the nonamended soil,
amendment significantly stimulated these enzymes at 100
mM NaCl to a level over control (P < 0.001; table 2,
Figure 2d, f). Interestingly, the response of those enzymes
to amendment at 200 mM was different, as amendment
attenuated the activity of both enzymes.
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Figure 2. Effect of C. pumilum amendment (10 g powered dry leaves kg™ soil) on SOD; superoxide dismutase (a-b), CAT; catalase (c-d)
and POD; peroxidase (e-f) activities in shoot and root of maize plants grown under different levels of salt stress (0.0, 100 and 200 mM
NaCl). Treatments of C and C+F; 0.0 and 10 g amendment kg soil. Values are means of 3 replicates + SE. Values with at least one similar
letter are non-significantly different at P=0.05, while those with no letters are in case of no significant interaction.

3.5. Hydrogen peroxide (H,0,) and lipid peroxidation
(LPO)

Salinity main effect significantly increased the
accumulation of H,O, in both shoot (P < 0.001; Table 2)
and root (P < 0.05) grown in the amended and
nonamended soils as well, and the accumulation was lower
in the amended samples across all salinity levels (Figure
3a-b). Similar effect to that of salinity and amendment on
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H,0, accumulation was imposed on LPO in shoot (Figure
3c). The decline in lipid peroxidation due to treatment with
amendment was more pronounced in stressed roots than
stressed shoots. Amendment effectively declined LPO
value to the level of control (P < 0.01; Table 2, Figure 3d),
although it was increased to 1.8-fold of control at severe

concentration.
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Figure 3. Effect of C. pumilum amendment (10 g powered dry leaves kg™ soil) on H,O,; hydrogen peroxide (a-b) content and LPO; lipid
peroxidation (c-d) in shoot and root of maize plants grown under different levels of salt stress (0.0, 100 and 200 mM NaCl). Treatments of C
and C+F; 0.0 and 10 g amendment kg™ soil. Values are means of 3 replicates + SE. Values with at least one similar letter are non-
significantly different at P=0.05, while those with no letters are in case of no significant interaction.

4. Discussion

Organic amendment is known to supply nutrients to
soil and enhance its fertility and physical properties which
leads in turn to improvement of plant performance (Ali et
al., 2017; Roy et al., 2010). In the current study, amending
soil with C. pumilum dry powdered leaves enhanced fresh
and dry biomass as well as the length of both stressed and
unstressed maize plants, and the influence was more
pronounced in the stressed samples, particularly root ones.
Similar enhancement of maize growth was also reported
after applying weed residues to soil (Awodun and Ojeniyi,
1999; Falade and Ojeniyi, 1997; Jabeen and Ahmed,
2009). The positive effect on growth that detected in the
present study by applying amendment may be due to the

antioxidative stimulatory and/or protective effect of the
components released from C. pumilum amendment.
Applying weed amendment, particularly that rich in
phenolics, may add more advantages to the employment of
organic amendment. Recently, it was reported that the
productivity of bean plants was increased when soil was
amended with the dry residues of the phenolic-rich weed;
Sonchus oleraceus (Hassan et al., 2018). Most of the
phenolic compounds that showed abundancy in C.
pumilum leaves were documented as potential antioxidants
(Hussain and Reigosa, 2011; Li et al., 2013; Wan et al.,
2014). These phenolic compounds, when leached from C.
pumilum leaves to soil, could work in a synergistic or
antagonistic way that they positively affected the growth
and the physiological processes of maize plants. They
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might also supply the plant with the defenses effectively
employed by the root to counteract the adverse effects of
salinity, leading to more pronounced enhancement of root
than shoot. The ability of the exogenously applied natural
phenolics to improve plant defense mechanisms was
documented (El-Shafey and AbdElgawad, 2012; Mohamed
etal., 2017).

Both phenolics and salt-stress are known to impact
photosynthetic pigments concentration (Hussain and
Reigosa, 2011; Khodary, 2004). Due to the imbalance
between the generation and detoxification, salt stress
excessively generates ROS such as superoxide radicals and
singlet oxygen, naturally produced in chloroplasts within
the electron transfer chain of photosystem 1l (PSII) and
photosystem | (PSI) (Foyer and Shigeoka, 2011). Thus,
presence of integrative and effective enzymatic and
nonenzymatic antioxidative system is necessary for
maintaining efficient photosynthetic machinery. In
addition to dismutases and peroxidases, plant utilizes some
antioxidants as carotenoids, flavonoids, ascorbates and
glutathione to quench and scavenge the excess generated
singlet oxygen, superoxides and hydrogen peroxide (Agati
et al., 2007; Gururani et al., 2015). Treating maize plants
with 10 g of C. pumilum amendment in combination with
200 mM NaCl increased the concentration of Chl a, Chl b,
carotenoids and total chlorophyll as compared with plants
grown under salt-stress without amendment. Our results
support those reported on syringic acid and apigenin, when
applied on cowpea (Alsaadawi et al., 1986) and rice
(Mekawy et al., 2018), respectively. The positive effect of
C. pumilum amendment was more obvious in case of Chl b
than Chl a, leading in turn to a decline in Chl a/b ratio in
all samples that have been subjected to the amendment in
presence or absence of salinity. The lower a/b ratio is
linked with the increase in size of light-harvesting
chlorophyll a/b-binding proteins associated with PSII
(LHCII) antenna (Taiz and Zeiger, 2010). Enlargement of
the LHCII antenna size may cause excess excitation of
chlorophyll which, if not dissipated via non-photochemical
quenching (NPQ), may cause excess generation and
accumulation of superoxides and H,O,; these could cause
photoinhibition and damage of PIl when not scavenged
effectively. It is difficult to precisely explain how
amendment enhanced Chl b content, probably by
decreasing conversion of Chl b into Chl a, but we believe
that photoinhibition did not happen in our investigated
plants grown in amended soil. The reason is that
amendment alleviated the loss in carotenoids which play
an essential role in photoprotection and antioxidant
defense  (Pessarakli, 2016) and increased their
concentration over those in the leaves of nonamended
plants under salt stress. Additionally, amending soil with
phenolic-rich residues was reported to increase the
concentration of phenolics in plant (Batish et al., 2007;
Hassan et al., 2018). Cichorium pumilum is known to
contain high concentrations of not only phenolics (Table
1), but also quinones and quinone precursors (Threlfall and
Whistance, 1970). These components, when taken up,

could work as antioxidants or photochemical or
nonphotochemical quenchers and hence improve
photosynthesis, mainly under stressful conditions (Bukhov
et al., 2003; Koscielniak et al., 2011; Zhao and Zou,
2002). Unfortunately, the quenching of chlorophyll
inflorescence was not measured in the current study.
Nevertheless, exogenous phenolics were found to enhance
photochemical efficiency of photosystem PIl (F,/F, &
Fn/Fo), photochemical quenching (qP) and net
photosynthetic rate (Py) and lowered NPQ leading to
enhanced photosynthesis (Zhao and Zou, 2002). This role
was found to be accomplished via scavenging superoxide
species and protecting photosynthetic machinery from the
induced oxidative damage. Similar results were reported
on salicylic acid when applied to cucumber leaves under
high temperature and strong light stress (Sun et al., 2006),
but cinnamic acid applied to Lactuca sativa at high
concentration (1.5 mM) induced oxidative stress. It
reduced plant biomass and decreased photochemical
efficiency of photosystem PIl as well as gP and NPQ
(Hussain and Reigosa, 2011). Hence, it is important to take
in consideration that the effect of the phenolic compound
that would be exogenously applied to plant under stressful
condition would be varied according to its structure and
concentration. In their study, Bukhov et al. (2003)
discovered that exogenous artificial quinones could work
as photochemical and non-photochemical quenchers of
energy in PSIlI, mimicking the properties of the
endogenous plastoquinones that act as an electron carrier
between PSII and the cytochrome b6f complex.

Concerning flavonoids, Agati et al. (2007) provided a
strong evidence that flavonoids located in chloroplast,
likely associated with its envelope, have the potential to
scavenge singlet oxygen in vivo. The increased flavonoids
content, in absence or presence of salt stress, might be
linked with the amendment-mediated triggering of the
biosynthesis of these compounds and/or the uptake by
roots of the exogenous flavonoids released from the
surrounding amended rhizosphere. The up-regulation of
phenylpropanoids pathway, in response to exogenously
applied phenolics, resulting in enhanced accumulation of
flavonoids was discussed in literatures (El-Soud et al.,
2013; Hassan et al., 2018). In the present work, flavonoids
were found to be positively correlated (r = 0.754** and
0.787**) with both of fresh and dry weights, respectively
(Table 4), while high negative correlations were scored
between flavonoids and H,O, (r = -0.964**) as well as
LPO (r = -0.908*). These correlations indicated that the
augmented flavonoids in the salt-stressed samples due to
amendment was directly linked with the enhanced
tolerance of maize plants, and that enhancement was
accomplished by protecting membranes against the stress-
induced H,0, and other ROS and their subsequent LPO
and membrane damage. In the same context, accumulation
of flavonoids due to apigenin application was found to be
related to the increased salt tolerance of rice seedlings
(Mekawy et al., 2018).
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Table 4. Correlations among various parameters of maize plants cultivated in soil amended with (0.0 and 10 g powered dry leaves kg™ soil)
C. pumilum powdered dry leaves under different levels of salt stress (0.0, 100 and 200 mM NacCl).

Correlation Coefficient (r)

Criteria Fresh weight Dry weight Flavonoids Catalase Peroxidase Superoxide dismutase Hydrogen peroxide
Dry weight 0.986**

Flavonoids 0.754** 0.787**

Catalase 0.807* 0.817* 0.959**

Peroxidase 0.830* 0.868* 0.852* 0.920*

Superoxide dismutase  -0.390 -0.480 -0.659* -0.590* -0.530

Hydrogen peroxide -0.921* -0.862* -0.964**  -0.865* -0.590* 0.640*

Lipid peroxidation -0.770** -0.838**  -0.908* -0.578* -0.628* 0.711** 0.974**

** Correlation is significant at 0.01 level. * Correlation is significant at 0.05 level.

Generating more ROS, such as superoxides and H,0,,
is among the dangerous effects exerted by salinity on plant
cells. Plants utilize SOD to dismutate superoxide radicals
and form H,0, and O, molecules (Parida and Das, 2005).
The scavenging of H,0, in cells is critical to avoid
oxidative damage (Yamasaki et al., 1997), as it can
generate ‘OH, a highly dangerous ROS, via Fenton
reaction (Gill and Tuteja, 2010). In the existing work,
increasing salt stress stimulated maize SOD, while
inhibited CAT and POD enzymes, and their inhibition
could lead to the accumulation of H,O, causing
peroxidation of macromolecules and dysfunction of
membranes (Parida and Das, 2005). The positive
correlation (r = 0.974**) that was found between H,0,
and LPO and the negative one (r = -0.862*) existing
between H,0, and dry weight (Table 4) may confirm the
harmful effect of the accumulated H,0O, in the stressed
maize tissues. Compared with the plants grown in
nonamended soil, those grown in the amended one
exhibited a lower activity of SOD in absence as well as
presence of NaCl, indicating lower de novo synthesis of
SOD that was likely associated with less generation of
superoxide radicals or better scavenging with other
mechanisms. That situation was obviously exhibited at 200
mM NaCl in maize roots. Meanwhile, at lower salinity
levels CAT and POD exhibited higher activity in response
to C. pumilum amendment. The role of enzymatic
antioxidants at lower salt stress appeared more effectively
in root, linked with its more enhancement in fresh (r =
0.807* and 0.830*) and dry (r = 0.817* and 0.868%)
weights (Table 4).

Since root was the main part that is close to soil, it was
reasonable to exhibit a more noticeable inhibition in its dry
weight by salinity alone and more alleviation of that
inhibition by adding C. pumilum amendment than that of
shoot (Figure 1le-f). The negative correlation (r = -0.659%)
that was detected between flavonoids and SOD and the
higher increase of root flavonoids at severe salt stress may
indicate that flavonoids could have a direct role in
scavenging the superoxide radicals induced under salinity.
These findings are in parallel with the study of Mekawy et
al. (2018) who found that pretreatment of rice seeds with
apigenine, a flavone aglycone, enhanced seedling growth
under salt stress. That enhancement was associated with
the increased activities of CAT and ascorbate peroxidase
(APX) in root and the accumulation of carotenoids and
flavonoids in  shoot. Besides flavonoids, other
nonenzymatic antioxidants could be involved in alleviation
of oxidative stress as a result of amending soil with C.
pumilum. For example, organic amendment was found to

alleviate salinity-induced oxidative damage in tomato via
maintaining the redox states of ascorbate and glutathione,
increasing ascorbate (ASC) and glutathione (GSH)
concentrations and enhancing the enzymatic antioxidant
defenses and photosynthetic machinery (Tartoura et al.,
2014). In the present study, Cichorium pumilum
amendment might directly help via its released
antioxidants, or indirectly, by motivating maize
antioxidant defenses, in scavenging some of salinity-
generated ROS to the level that made increasing SOD
activity unrequired, and at the same time enough to trigger
the de novo synthesis of CAT and POD enzymes.
Consequently, all lead to less accumulated H,0, and
MDA, more stability and integrity of membranes and
macromolecules in the amended samples and more
tolerance to salt stress. Confirming this, positive
correlations were detected between SOD (r = 0.640* and
0.711**), and negative ones between CAT (r = -0.865*
and -0.578*) or POD (r = -0.590* and -0.628*) and both of
H,0, and MDA, respectively (Table 4). The results of the
current study support the positive correlation reported
previously between the ability of exogenously applied
phenolics to alleviate stress-induced harmful effects on
plant and the enhancement of antioxidant defenses (EI-
Soud et al., 2013; Saleh and Madany, 2015; Wan et al.,
2014). In the same regard, Corchorus olitorius and Urtica
pilulifera seed extract alleviated the oxidative damage
induced by copper stress on tomato seed germination. The
extracts lowered the levels of MDA and H,O, and
enhanced the activities of CAT and ascorbate peroxidase
(APX) in the stressed seedlings (iseri et al., 2018).

In conclusion, amending soil with powdered dry C.
pumilum leaves, as a way of organic farming, mitigated
salt stress in maize via scavenging the evolved ROS. That
scavenging came directly by the antioxidants released
from the amendment or indirectly by enforcing the
enzymatic antioxidant defenses or the non-enzymatic ones,
particularly flavonoids, leading consequently to lower
level of lipid peroxidation and enhanced productivity.
However, prospective large-scale investigations are still
needed to validate the application of C. pumilum
amendment in field and to confirm its positive potential on
maize grain yield.

Acknowledgement
The authors are grateful to Dr. Emad Ali Al Sherif and

Dr. Walaa Azmy, Department of Botany and
Microbiology, Faculty of Science, Beni-Suef University,



532 © 2020 Jordan Journal of Biological Sciences. All rights reserved - Volume 13, Number 4

Egypt, for their help in identification of Cichorium
pumilum Jacq. collected samples.

References

Abu-Irmaileh BE. 1982. Weeds of Jordan (weeds of crop
fields), Amman University, Amman, Jordan.

Agati G, Matteini P, Goti A and Tattini M. 2007. Chloroplast-
located flavonoids can scavenge singlet oxygen. New Phytol, 174:
77-89.

Ali S, Rizwan M, Qayyum MF, Ok YS, lbrahim M, Riaz M, Arif
MS, Hafeez F, Al-Wabel M| and Shahzad AN. 2017. Biochar soil
amendment on alleviation of drought and salt stress in plants: a
critical review. Environ Sci Pollut R, 24: 12700-12712.

Alsaadawi IS, Al-Hadithy SM and Arif MB. 1986. Effects of three
phenolic acids on chlorophyll content and ions uptake in cowpea
seedlings. J Chem Ecol, 12: 221-227.

Awodun M and Ojeniyi S. 1999. Use of weed mulches for
improving soil fertility and maize performance. Appl Trop Agric,
2: 26-30.

Awopegba M, Awodun M and Oladele S. 2016. Maize (Zea mays)
biomass and vyield as influenced by leguminous and non-
leguminous mulch types in southwestern Nigeria. Bulg J Soil Sci,
1: 154-169.

Batish D, Lavanya K, Singh H and Kohli R. 2007. Phenolic
allelochemicals released by Chenopodium murale affect the
growth, nodulation and macromolecule content in chickpea and
pea. Plant Growth Regul, 51: 119-128.

Beyer W. 1987. Assaying for superoxide dismutase activity: Some
large consequences of minor changes in conditions. Anal
Biochem, 161: 559-566.

Boulet C, Labrousse P, Arnaud MC, Zehhar N and Fer A. 2002.
Orobanche -weeds relationships: an important aspect of
broomrape control. Proceedings of the meeting. Integrated control
of brromrape, COST 849 Parasitic Plant Management in
Sustainable Agriculture. Obermarchtal, Germany.

Bukhov NG, Sridharan G, Egorova EA and Carpentier R. 2003.
Interaction of exogenous quinones with membranes of higher
plant chloroplasts: modulation of quinone capacities as
photochemical and non-photochemical quenchers of energy in
Photosystem 1l during light-dark transitions. Biochim Biophys
Acta (BBA)-Bioenergetics, 1604: 115-123.

Chinnusamy V, Jagendorf A and Zhu J-K. 2005. Understanding
and improving salt tolerance in plants. Crop Sci, 45: 437-448.

Diallo MD, Duponnois R, Guisse A, Sall S, Chotte JL and
Thioulouse J. 2006. Biological effects of native and exotic plant
residues on plant growth, microbial biomass and N availability
under controlled conditions. Eur J Soil Biol, 42: 238-246.

El-Shafey N and AbdElgawad H. 2012. Luteolin, a bioactive
flavone compound extracted from Cichorium endivia L. subsp.
divaricatum alleviates the harmful effect of salinity on maize.
Acta Physiol Plant, 34: 2165-2177.

El-Soud WA, Hegab MM, AbdElgawad H, Zinta G and Asard H.
2013. Ability of ellagic acid to alleviate osmotic stress on
chickpea seedlings. Plant Physiol Biochem, 71: 173-183.

Falade | and Ojeniyi S. 1997. Effect of siam weed mulch on soil
nutrient contents and maize performance. Appl Trop Agric, 2:
100-113.

Foyer CH and Shigeoka S. 2011. Understanding oxidative stress
and antioxidant functions to enhance photosynthesis. Plant
Physiol, 155: 93-100.

Gervilla C, Rita J and Cursach J. 2019. Contaminant seeds in
imported crop seed lots: a non-negligible human-mediated

pathway for introduction of plant species to islands. Weed Res, 59:
245-253.

Ghanaatiyan K and Sadeghi H. 2017. Differential responses of
chicory ecotypes exposed to drought stress in relation to
enzymatic and non-enzymatic antioxidants as well as ABA
concentration. J Hortic Sci Biotechnol, 92: 404-410.

Gill SS and Tuteja N. 2010. Reactive oxygen species and
antioxidant machinery in abiotic stress tolerance in crop plants.
Plant Physiol Biochem, 48: 909-930.

Gururani Mayank A, Venkatesh J and Tran LSP. 2015. Regulation
of photosynthesis during abiotic stress-induced photoinhibition.
Mol Plant, 8: 1304-1320.

Hasanuzzaman M, Nahar K and Fujita M. 2013. Plant response to
salt stress and role of exogenous protectants to mitigate salt-
induced damages. In: Ahmad P, Azooz M and Prasad M (Eds.),
Ecophysiology and Responses of Plants under Salt Stress.
Springer, New York, pp. 25-87.

Hassan MO, Saleh AM and AbdElgawad H. 2018. Sonchus
oleraceus residue improves nutritive and health-promoting value
of common bean (Phaseolus vulgaris L.): A metabolic study. J
Agr Food Chem, 66: 2092-2100.

Hussain MI and Reigosa MJ. 2011. A chlorophyll fluorescence
analysis of photosynthetic efficiency, quantum yield and photon
energy dissipation in PSII antennae of Lactuca sativa L. leaves
exposed to cinnamic acid. Plant Physiol Biochem, 49: 1290-1298.

Iseri OD, Kérpe DA, Sahin FI and Haberal M. 2018. Corchorus
olitorius and Urtica pilulifera extracts alleviate copper induced
oxidative damage and genotoxicity in tomato. Acta Biol Hung, 69:
300-312.

Jabeen N and Ahmed M. 2009. Possible allelopathic effects of
three different weeds on germination and growth of maize (Zea
mays) cultivars. Pak J Bot, 41: 1677-1683.

Jambunathan N. 2010. Determination and detection of reactive
oxygen species (ROS), lipid peroxidation, and electrolyte leakage
in plants. In: Sunkar R (Ed.) Plant Stress Tolerance: Methods
and Protocols. Humana Press, Totowa, NJ, pp. 291-297.

Kar M and Mishra D. 1976. Catalase, peroxidase, and
polyphenoloxidase activities during rice leaf senescence. Plant
Physiol, 57: 315-319.

Kato M and Shimizu S. 1987. Chlorophyll metabolism in higher
plants. VII. Chlorophyll degradation in higher pants. VI
Chlorophyll degradation in senescing tobacco leaves: Phenolic-
dependent peroxidative degradation. Can J Bot, 65: 729-735.

Khodary S. 2004. Effect of salicylic acid on the growth,
photosynthesis and carbohydrate metabolism in salt-stressed
maize plants. Int J Agric Biol, 6: 5-8.

Kisiel W and Michalska K. 2006. Sesquiterpenoids and phenolics
from roots of Cichorium endivia var. crispum. Fitoterapia, 77:
354-7.

Koscielniak J, Ostrowska A, Biesaga-Koscielniak J, Filek W,
Janeczko A, Kalaji HM and Stalmach K. 2011. The effect of
zearalenone on PSII photochemical activity and growth in wheat
and soybean under salt (NaCl) stress. Acta Physiol Plant, 33:
2329-2338.

Li D-M, Nie Y-X, Zhang J, Yin J-S, Li Q, Wang X-J and Bai J-G.
2013. Ferulic acid pretreatment enhances dehydration-stress
tolerance of cucumber seedlings. Biol Plant, 57: 711-717.

Liang W, Ma X, Wan P and Liu L. 2018. Plant salt-tolerance
mechanism: A review. Biochem Biophys Res Commun, 495: 286-
291.

Lichtenthaler HK. 1987. Chlorophylls and carotenoids: Pigments
of photosynthetic biomembranes. In: Methods in enzymology.
Academic Press, pp. 350-382.



© 2020 Jordan Journal of Biological Sciences. All rights reserved - Volume 13, Number 4 533

Lim SL, Wu TY, Lim PN and Shak KPY. 2015. The use of
vermicompost in organic farming: overview, effects on soil and
economics. J Sci Food Agric, 95: 1143-1156.

Mekawy AMM, Abdelaziz MN and Ueda A. 2018. Apigenin
pretreatment enhances growth and salinity tolerance of rice
seedlings. Plant Physiol Biochem, 130: 94-104.

Mohamed MSM, Saleh AM, Abdel-Farid IB and EI-Naggar SA.
2017. Growth, hydrolases and ultrastructure of Fusarium
oxysporum as affected by phenolic rich extracts from several
xerophytic plants. Pestic Biochem Physiol, 141: 57-64.

Padel S and Lampkin N. 1994. The Economics of Organic
Farming: An International Perspective, CAB International.

Parida AK and Das AB. 2005. Salt tolerance and salinity effects
on plants: a review. Ecotoxicol Environ Saf, 60: 324-349.

Peigné J, Casagrande M, Payet V, David C, Sans FX, Blanco-
Moreno JM, Cooper J, Gascoyne K, Antichi D, Barberi P,
Bigongiali F, Surbdck A, Kranzler A, Beeckman A, Willekens K,
Luik A, Matt D, Grosse M, HeR J, Clerc M, Dierauer H and
Mader P. 2016. How organic farmers practice conservation
agriculture in Europe. Renew Agr Food Syst, 31: 72-85.

Pessarakli M. 2016. (Ed.) Handbook of Photosynthesis, CRC
press, Boca Raton.

Qasem J. 1992. Nutrient accumulation by weeds and their
associated vegetable crops. J Hortic Sci, 67: 189-195.

Roy S, Arunachalam K, Dutta BK and Arunachalam A. 2010.
Effect of organic amendments of soil on growth and productivity
of three common crops viz. Zea mays, Phaseolus vulgaris and
Abelmoschus esculentus. Appl Soil Ecol, 45: 78-84.

Sahan Y, Gurbuz O, Guldas M, Degirmencioglu N and
Begenirbas A. 2017. Phenolics, antioxidant capacity and
bioaccessibility of chicory varieties (Cichorium spp.) grown in
Turkey. Food Chem, 217: 483-489.

Saleh AM and Madany MMY. 2015. Coumarin pretreatment
alleviates salinity stress in wheat seedlings. Plant Physiol
Biochem, 88: 27-35.

Sayed M, Khodary SEA, Ahmed ES, Hammouda O, Hassan HM
and El-Shafey NM. Elicitation of flavonoids by chitosan and
salicylic acid in callus of Rumex vesicarius L. Acta Horticulturae,
1187: 165-176.

Sun Y, Xu W and Fan A. 2006. Effects of salicylic acid on
chlorophyll fluorescence and xanthophyll cycle in cucumber
leaves under high temperature and strong light. Ying yong sheng
tai xue bao= The Journal of Applied Ecology, 17: 399-402.

Taiz L and Zeiger E. 2010. Plant Physiology, 5th ed. Sinauer
Associates, Sunderland, Massachusetts U.S.A.

Tartoura KAH, Youssef SA and Tartoura E-SAA. 2014. Compost
alleviates the negative effects of salinity via up-regulation of
antioxidants in Solanum lycopersicum L. plants. Plant Growth
Regul, 74: 299-310.

Threlfall D and Whistance G. 1970. Biosynthesis of ubiquinone—
a search for polyprenyl phenol and quinone precursors.
Phytochemistry, 9: 355-359.

Velikova V, Yordanov | and Edreva A. 2000. Oxidative stress and
some antioxidant systems in acid rain-treated bean plants:
Protective role of exogenous polyamines. Plant Sci, 151: 59-66.

Wan Y-Y, Chen S-Y, Huang Y-W, Li X, Zhang Y, Wang X-J and
Bai J-G. 2014. Caffeic acid pretreatment enhances dehydration
tolerance in cucumber seedlings by increasing antioxidant enzyme
activity and proline and soluble sugar contents. Sci Hortic, 173:
54-64.

Yamasaki H, Sakihama Y and Ikehara N. 1997. Flavonoid-
peroxidase reaction as a detoxification mechanism of plant cells
against H,O,. Plant Physiol, 115: 1405-1412.

Zhao H and Zou Q. 2002. Protective effects of exogenous
antioxidants and phenolic compounds on photosynthesis of wheat
leaves under high irradiance and oxidative stress. Photosynthetica,
40: 523-527.

Zhishen J, Mengcheng T and Jianming W. 1999. The
determination of flavonoid contents in mulberry and their
scavenging effects on superoxide radicals. Food Chem, 64: 555-
559.






Volume 13, Number 4, December 2020
ISSN 1995-6673
Pages 535 - 541

JJIBS

Jordan Journal of Biological Sciences

Molecular Identification and Characterization of Parrotfish
species from the Farasan Islands, Red Sea-Saudi Arabia

Mohamed M. Hassan *?, Ayman Sabry ** and Mohamed Ismail %

! Department of Biology, College of Science, Taif University, P.O. Box 11099, Taif 21944, Saudi Arabia; > Genetics Department, Faculty of
Agriculture, Menoufia University, Shibin EI-Kom, 32516, Egypt; * Cell Biology Department, National Research Center, 12622, Dokki,
Giza, Egypt

Received: Feb 3, 2020; Revised: August 17, 2020; Accepted: August 31, 2020

Abstract

Cheilinus trilobatus, Cheilinus quinquecinctus, and Chlorurus sordidus specimens from Saudi Arabia's Farasan Islands were
collected and genotyped using inter simple sequence repeats (ISSRs) and start codon targeted (SCoT) primers.
Mitochondrial cytochrome C oxidase subunit I (COI) gene fragments were used for DNA barcoding. ISSRs and SCoT
primers showed moderate polymorphisms: expected heterozygosity (Hey,) of 0.470 and 0.435 and average polymorphism
information contents (PICs) of 0.359 and 0.339 for ISSRs and SCoT markers were observed, respectively. Cheilinus
quinquecinctus had the highest genetic diversity from ISSRs (70%) and SCoT (73%). Chlorurus sordidus and C. trilobatus
showed similar genetic diversities of 29% and 39% based on ISSRs, respectively, and 60.32% for both species based on
SCaT. Cheilinus quinquecinctus had the lowest nucleotide diversity (z) of 0.003, while C. sordidus and C. trilobatus had =
values of 0.065 and 0.103, respectively. Analysis of molecular variance (AMOVA) revealed greater genetic variation among
species rather than within them using ISSRs (65% and 67%, respectively) and SCoT (35% and 33%, respectively). COI-
based AMOVA showed similar genetic variation among (51.11%) and within (48.89%) species. The current study
highlighted outperformance of COl compared to ISSRs and SCoT markers in differentiating among parrotfish species. Also,
ISSR outperformed SCoT since it was able to clearly show three distinct groups in principal component analysis. This study
also confirmed the presence of three distinct parrotfish species, which will provide an insight into parrotfish diversity.
Moreover, the results will contribute to monitoring parrotfish migration between Farasan Islands and different geographic
locations which significantly affect species conservation.

Keywords ISSR; SCoT; COI; Cheilinus trilobatus, Cheilinus quinquecinctus, Chlorurus sordidus, Farasan Islands.

is challenging due to the presence of a series of coloration
changes. For instance, Sparisoma species color pattern
varies by sex and developmental stage and is only clearly
visible in fresh specimens (Bernardi et al., 2000).

1. Introduction

Parrotfish (family Scaridae) are a distinctive group of

labroid fish, comprising 10 genera that contain 90 species,
including Scarus niger, S. (Chlorurus) sordidus, S.
frenatus, and S. ghobban (Saad et al., 2013). Meanwhile,
the genus Cheilinus belongs to the family Labridae and
contains wrasses (e.g. Cheilinus trilobatus and Cheilinus
quinquecinctus) that are native to the Indian and Pacific
Oceans and the Red Sea (Bogorodsky et al., 2016).

Parrotfish (Scaridae) and wrasse (Labridae) are diverse
fish families with an ecologically important role. Feeding
activities for both families involve browsing of
macroalgae, hence contributing to the maintenance of coral
reefs (Bonaldo et al., 2014). Several parrotfish species
move across large areas; their movement plays a
significant role in connecting different ecosystems (Fox
and Bellwood, 2007; Nystrom and Folke, 2001).

Parrotfish include two major clades (Chlorurus and
Cheilinus) that diversified during the Miocene, followed
by speciation during the Pliocene (Choat et al., 2012).
Both form a noticeable part of the herbivorous fish
community. The phenotypic characterization of parrotfish

“ Corresponding author e-mail: mohamed.ismail@agr.menofia.edu.eg.

Since the species characterization of parrotfish in the
Red Sea is poorly investigated due to the difficulties in
morphological identification of parrotfish, the use of
molecular barcoding is important. Such genetic markers
represent effective and reliable alternative in parrotfish
identification. Accordingly, COI gene has been established
as an efficient species-level DNA barcoding marker for
marine fish (Veneza et al., 2013; Ali et al., 2019; Ali et al.,
2020). The reliability and accessibility of the COI
barcoding enabled them to be extensively used for both
fish identification and monitoring of biodiversity (Shen et
al., 2017).

In addition to the use of COIl as the most common
barcode for fish identification, inter simple sequence
repeats (ISSRs) and start codon targeted (SCoT) markers
have also been applied in the assessment of parrotfish
diversity (Sabry et al., 2015). ISSRs markers are useful in
genetic divergence estimates among closely related species
(Sabry et al., 2015), and many studies have demonstrated
the utility of ISSRs markers for monitoring fish genetic
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diversity (Paul et al., 2018; Labastida-Estrada et al., 2019).
Recently, many alternative markers have been developed.
SCoT markers, for instance, are reproducible markers that
were developed using short, conserved regions in plant
genomes that surround translation initiation codons
(Amirmoradi et al., 2012). Subsequently, these markers
have been wused to evaluate genetic diversity and
population structure, and to identify cultivars (Hamidi et
al., 2014). However, the use of SCoT markers in animal
studies remains relatively limited as compared to its use in
plant studies.

The Farasan Islands are considered a high priority for
conservation and a destination of annual aggregation of
parrotfish to spawn (Gladstone, 2002). Therefore, from a
conservation perspective, the assessment of parrotfish
species identity and genetic diversity is a priority. In
addition, the molecular structure of fish species is crucial
for stock identification, improvement, and genetic
resources preservation (Bingpeng et al., 2018). However,
such studies have yet to be extended to marine populations
of the Farasan Islands, as one of the richest biodiversity
hotspots in the Red Sea (Pearman et al., 2014). Farasan
Island of Saudi Arabia is underrepresented in marine
species diversity assessment. In the current study, three
different markers ISSRs, SCoT, and COI will be used to
determine the genetic diversity and barcode three
parrotfish species (Cheilinus trilobatus, C. quinquecinctus,
and Chlorurus sordidus) from the Farasan Islands.

2. Materials and Methods

2.1. Fish Sampling and Genomic DNA Extraction

Parrotfish  specimens were collected from the
commercial fisheries at Farasan Islands (16°40'N,
42°00'E), on the Jeddah coast in Saudi Arabia. Samples
were transferred frozen to the laboratory for further
analyses. According to the morphological examination of
the collected samples, most of the samples belonged to
family Scaridae. The collected samples were identified by
their morphological characteristics as described in
FishBase (Froese and Pauly, 2019). Following
morphological identification, three different species were
detected: Chlorurus sordidus, Cheilinus trilobatus, and
Cheilinus quinquecinctus (Figure 1), 10 specimens were
selected from each species for DNA analyses.
Approximately, 1 gm of fish muscle tissue was cut and
ground in liquid nitrogen. The powdered fish muscle was
used for genomic DNA extraction using the DNeasy Blood
and Tissue Kit (QIAGEN, Valencia, CA, USA) according
to the manufacturer’s instructions.

2.2. ISSRs Genotyping

A total of nine ISSR primer pairs were used in PCR
(Table 1). DNA amplification was performed in a final
volume of 25 pL using a C1000™ Thermo Cycler (Bio-
Rad, Germany), Master mix Promega (Promega, Co.,
Wisconsin, USA) and 1 pL of 10 ng DNA. The PCR
reaction was performed according to Hassan et al. (2015)
using the following protocol: 94°C for 10 min, followed
by 40 cycles of denaturation at 94°C for 1 min, annealing
at a primer-specific annealing temperature ranging from
48-54°C for 1 min and an extension at 72°C for 2 min, and
a final extension at 72°C for 10 min. All PCR products
were electrophoresed on 2% agarose gel electrophoresis in

0.5X TAE (20 mM Tris-HCI, 10 mM Acetic acid, 0.5 mM
EDTA, pH 8.0); the gel was stained with ethidium
bromide and visualized with UV light.

@

(b)

©

Figure 1. Parrotfish species collected from the Farasan Islands,
Saudi Arabia; (a) Chlorurus sordidus, (b) Cheilinus trilobatus, (c)
Cheilinus quinguecinctus.

2.3. ISSRs Genotyping

A total of nine ISSR primer pairs were used in PCR
(Table 1). DNA amplification was performed in a final
volume of 25 pL using a C1000™ Thermo Cycler (Bio-
Rad, Germany), Master mix Promega (Promega, Co.,
Wisconsin, USA) and 1 pL of 10 ng DNA. The PCR
reaction was performed according to Hassan et al. (2015)
using the following protocol: 94°C for 10 min, followed
by 40 cycles of denaturation at 94°C for 1 min, annealing
at a primer-specific annealing temperature ranging from
48-54°C for 1 min and an extension at 72°C for 2 min, and
a final extension at 72°C for 10 min. All PCR products
were electrophoresed on 2% agarose gel electrophoresis in
0.5X TAE (20 mM Tris-HCI, 10 mM Acetic acid, 0.5 mM
EDTA, pH 8.0); the gel was stained with ethidium
bromide and visualized with UV light.

2.4. SCoT Genotyping

A total of 10 SCoT markers were selected for specimen
genotyping (Table 1). PCR reactions were performed
according to Etminan et al., (2016). Amplification
consisted of 94°C for 5 min, followed by 45 cycles of
denaturation at 94°C for 45 s, primer annealing at 45°C for
45 s and primer elongation at 72°C for 90 s. The final
extension was 10 min at 72°C. All PCR products were
analyzed with 1.5% agarose gel electrophoresis in 0.5X
TAE (20 mM Tris-HCI, 10 mM Acetic acid, 0.5 mM
EDTA, pH 8.0), and the gel was stained with ethidium
bromide and visualized with UV light
Table 1. Inter simple sequence repeat (ISSR) and Start codon
targeted (SCoT) markers used in parrotfish species genotyping.

Primer sequence Primer sequence

Marker Marker

(5-3) (5-3")
ISSR-2  (GA)sA SCoT-1 ACGACATGGCGACCACGC
ISSR-3  (AG)sTG SCoT-2 ACCATGGCTACCACCGGC
ISSR-4  (GA)sTT SCoT-5 CAATGGCTACCACTAGCG
ISSR-8 (TG)sAA SCoT-6 CAATGGCTACCACTACAG
ISSR-9  TAG(CA); SCoT-7 ACAATGGCTACCACTGAC
ISSR-13 (GA)sC SCoT-8 ACAATGGCTACCACTGCC

SCoT-10 ACAATGGCTACCACTACC
SCoT-11 AAGCAATGGCTACCACCA
SCoT-12 ACGACATGGCGACCAACG
SCoT-14 ACGACATGGCGACCACGC

ISSR-18 (AC);CG
ISSR-19 (AG)sTT
ISSR-28 (GTG)s
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2.5. DNA Sequencing of COI gene

The COI standard barcoding region (655 bp) was
amplified for each of the 30 fish specimens using a pair of
forward FishF1 (5-TCAACCAACCACAAAGACATTG-
GCAC-3 "), and reverse FishR1 (5-TAGACTTCTGGGT-
GGCCAAAGAATCA-3") universal  primers, as
previously described in lIvanova et al., (2007). Each
amplification reaction contained 2 pL of DNA, 10.5 pL of
deionized water, 12.5 pL of Master Mix (Promega, Co.,
Wisconsin, USA), 0.5 pL of forward primer (10 uM), and
0.5 pL of reverse primer (10 uM) at a total volume of 25
pL. The PCR reactions were performed according to the
following profile: initial denaturation at 95°C for 5 min,
followed by a total of 35 cycles of 94°C for 45 s, 54°C for
1 min, and 72°C for 45 s, and a final extension at 72°C for
7 min. Successful amplifications were confirmed by 5%
agarose gel electrophoresis in 0.5X TAE (20 mM Tris-
HCI, 10 mM Acetic acid, 0.5 mM EDTA, pH 8.0), and the
gel was stained with ethidium bromide and visualized with
UV light. PCR amplicons of the COI gene were purified
from gels using an QIAquick PCR Purification Kit
(QIAGEN, Valencia, CA, USA) and sequenced on the
Applied Biosystems 3500 Genetic Analyzer Sequencer
(Hitachi, Japan).

2.6. ISSRs and SCoT Data Analysis

For ISSRs and SCoT analysis, all genotypes were
screened based on the presence/absence of a specific band
(allele). Following genotype screening, GenAlex v6.5
(Peakall and Smouse, 2006) was used to estimate the
percentage of polymorphisms in each species.
Additionally, the iIMEC program (Amiryousefi et al.,
2018) was used to calculate the expected heterozygosity
(Hexp),  polymorphism  information  content  (PIC),
discriminating power (D), and resolving power (R).
NTSYS-pc v2.01 (Rohlf, 2000) was also used to determine
the phylogenetic relationship among the three species.
Phylogenetic trees were produced according to the
unweighted pair group method with arithmetic mean
(UPGMA). Principal component analysis (PCA) was also
performed using GenAlex. To determine the level of
genetic variation of each species, the analysis of molecular
variance (AMOVA) was also obtained using GenAlex
with 1000 permutations.

2.7. COI Sequence Analysis

All sequences were aligned and edited using BioEdit,
version 7.0.9 (Hall, 1999). Following sequence alignment
and editing, genetic polymorphisms of each species were
estimated as nucleotide diversity (z) using DnaSP v6
(Rozas et al., 2017). Genetic distance between species was
estimated based on Kimura’s two-parameter distance
model (K2P) (Kimura, 1980), as implemented in MEGA-
X (Kumar et al, 2018). To determine genetic
differentiation among species, AMOVA was conducted
using Arlequin v3.5 (Excoffier and Lischer, 2010) with
1000 permutations. Using the 30 sequences from parrotfish
species along with a single COI sequence belonging to
Tuna (Thunnus tonggol, gene bank accession number
JN635369.1) as an outgroup, the phylogenetic tree was
constructed according to Neighbor joining (NJ) method
based on p-distance (Nei and Kumar 2000). The relative
robustness of individual tree branches was estimated by
bootstrapping using 1000 pseudoreplicate datasets, with

80% cut-off. PCA was also performed on the K2P genetic
distance matrix using GenAlex to determine species
grouping. A total of 30 sequences of the COI region were
deposited in GeneBank with accession numbers
MN692884-MN692913.

3. Results

3.1. Parrotfish Genetic Diversity

The number of alleles at ISSRs ranged between 5 and
17, with an average of 10.77 alleles per locus (Table 2),
while the number of alleles at SCoT markers ranged
between 9 and 27, with an average of 12.5 alleles per
locus. The expected heterozygosity (Hex,) Was similar for
both markers, with an average of 0.470 and 0.435 for
ISSRs and SCoT markers, respectively. In contrast, both
markers showed a comparable moderate level of PIC, with
average of 0.359 and 0.339 for ISSRs and SCoT markers,

Table 2. Polymorphism of ISSR and SCoT markers in parrotfish
species.

Marker No.ofalleles Hep, PIC D R
ISSR-2 10 0499 0374 0777 4933
ISSR-3 13 0.467 0.358 0.862 7.133
ISSR-4 17 0386 0311 0932 8.067
ISSR-8 1 05 0375 0754 6.933
ISSR-9 12 0.5 0.375 0.762 7.733
ISSR-13 12 0.498 0374 0783 9.067
ISSR-18 9 042 0332 0511 4467
ISSR-19 5 0.477 0363 0.847 3.933
ISSR-28 8 0486 0368 0661 3.2
Mean 10.778 047 0359 0765 6.163

D = discriminating power; H = expected heterozygosity; PIC =
polymorphism information content; R = resolving power.

Table 2. Continued.

Marker No.ofalleless Hep, PIC D R
SCoT-1 27 0352 0290 0948 12.33
SCoT-2 15 0.422 0333 0.909 7.467
SCoT-5 9 048 0365 0841 5467
SCoT-6 10 0349 0288 095 5867
SCoT-7 12 0.388 0.313 0931 5.267
SCoT-8 12 0492 0371 081 7667
SCoT-10 1 0442 0345 0892 6.2
SCoT-11 9 0.458 0.353 0.874 5.2
SCoT-12 10 0499 0375 073 3333
SCoT-14 10 0468 0358 0861 36
Mean 125 0435 0.339 0.875 6.24

D = discriminating power; H = expected heterozygosity; PIC =
polymorphism information content; R = resolving power.

respectively. SCoT outperformed ISSR in discriminating
among the three species, with average discriminating
powers (D) of 0.765 and 0.875 for ISSR and SCoT
markers, respectively. Both ISSR and SCoT markers
showed similar magnitudes of resolving power (R), with
average R values of 6.163 and 6.240, respectively.

Using ISSR and SCoT markers, Cheilinus
quinquecinctus showed the highest genetic diversity, with
70% and 73% for ISSR and SCoT markers, respectively
(Table 3). Both Chlorurus sordidus and Cheilinus
trilobatus showed comparable magnitudes of genetic
diversity using ISSR and SCoT markers. Using ISSRs, C.
sordidus and C. trilobatus showed a genetic diversity of
29% and 39%, respectively, while both species had a
genetic diversity of 60.32% using SCoT markers.
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COI showed different patterns of genetic diversity.
Cheilinus quinquecinctus had the lowest nucleotide
diversity of 0.003, while the nucleotide diversity of
Cheilinus trilobatus was 0.103, 1.5-fold higher than that of
Chlorurus sordidus. The COI sequence length varied
among the species, with averages of 625, 695, and 684 bp
for Chlorurus sordidus, Cheilinus trilobatus, and Cheilinus
quinquecinctus, respectively.

Table 3. Genetic diversity of parrotfish species based on inter

simple sequence repeats (ISSRs), start codon targeted markers
(SCoT), and mitochondrial cytochrome C oxidase subunit | (COl).

Species % Polymorphism
Chlorurus sordidus 29.90
ISSR Che?linus tri!obatu§ 39.18
Cheilinus quinquecinctus 70.10
Mean 46.39
Chlorurus sordidus 60.32
SCoT Che?l?nus tri!obatu§ 60.32
Cheilinus quinquecinctus 73.02
Mean 64.55
Chlorurus sordidus 0.065
cor Che?l?nus tri!obatu§ 0.103
Cheilinus quinquecinctus 0.003
Mean 0.057

“Genetic diversity at COI estimated as nucleotide diversity ().

3.2. Analysis of Molecular Variance (AMOVA)

The AMOVA of the three species based on ISSRs
showed 65% of the molecular variance occurred between
species, while 35% of the molecular variance occurred
within species (Table 4). Similarly, using SCoT markers,
the amount of molecular variance among species was 67%.
However, using COI, the amount of molecular variance
showed a similar magnitude among and within species, at
51.11% and 48.89%, respectively.

Table 4. AMOVA of parrotfish species based on inter simple
sequence repeats (ISSR), start codon targeted markers (SCoT) and
mitochondrial cytochrome C oxidase subunit 1 (COl).

df SS Est.var. %V

ISSR  Among species 2 32140 15.25 65.00"
Within species 27 22260 8.24 35.00
Total 29 54400 23.49

SCoT Among species 2 192.07 8.006 67.00
Within species 27 43120 15.97 33.00
Total 29  623.27 23.977

COl  Among species 2 5.40 0.24 48.89"
Within species 27 6.90 0.26 51.11
Total 29 1230 0.50

df; degree of freedom, SS; sum of squares, Est. var.; estimated
variance; %V; percentage of total variation; “significant at P< 0.05
based on 1000 permutations.

3.3. Phylogenetic Relationship and Principal
Component Analysis

The phylogenetic relationship between the three species
was determined based on ISSRs, SCoT, and COIl markers.
Phylogenetic trees based on ISSR and SCoT markers are
presented in supplementary Figures S1 and S2. The COI-
based NJ phylogenetic tree showed three distinct groups
representing the three species: Chlorurus sordidus,
Cheilinus trilobatus, and Cheilinus quinquecinctus (Figure
2). Using PCA, the parrotfish species formed three distinct
groups using ISSRs and COI markers (Figure 3). However,
based on SCoT markers, the three species formed three
groups, with some individuals shared among groups.
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Figure 2. Neighbor-Joining (NJ) phylogenetic tree based on COI
sequences for the three parrotfish species (Chlorurus sordidus,
Cheilinus trilobatus, and Cheilinus quinquecinctus), numbers
above branches are bootstrap values > 60%.
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Figure 3. Principal component analysis based on inter simple
sequence repeats (ISSRs), start codon targeted markers (SCoT),
and cytochrome oxidase subunit | (COI) for three parrotfish
species (Chlorurus sordidus, Cheilinus trilobatus, and Cheilinus
quinquecinctus).
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4. Discussion

The identification of parrotfish species from the Red
Sea was modified and redescribed as a distinct group from
the parrotfish species mainly found in the western Indian
and western Pacific oceans (Bodorodsky et al., 2016). Few
studies have addressed the level of genetic diversity of
parrotfish species, and mainly focused on their taxonomy
and evolution (Almeida et al., 2017). In the present study,
the molecular characterization and genetic diversity of
three parrotfish species, Chlorurus sordidus, Cheilinus
trilobatus, and Cheilinus quinquecinctus, from the Farasan
Islands, Saudi Arabia, were studied. The level and pattern
of genetic diversity is one of the major factors affecting the
biological potential of any species. Since the species under
consideration contribute significantly to the Farasan
Islands ecosystem, it is crucial to understand its genetic
diversity. To better assess the genetic diversity of
parrotfish species, three different molecular markers were
used; ISSRs, SCoT, and COI that were previously
documented in assessing species genetic diversity.
Different marker systems have distinctively distributed
across the genomes while exhibiting different patterns of
genetic diversity (Veneza et al., 2013; Hamidi et al.,,
2014). Therefore, the combination of different molecular
markers in addressing genetic diversity could assist in
understanding species biodiversity. The number of SCoT
alleles was higher than that of ISSRs; however, both
markers had comparable mean PICs. The studied ISSRs
and SCoT markers were reasonably informative (0.50 >
PIC > 0.25); however, the discrimination power of SCoT
was higher than that of ISSRs, which was previously
reported in discriminating among closely related species
(Etminan et al., 2016, Etminan et al., 2018). Among the
studied species, Cheilinus quinquecinctus had the highest
genetic diversity based on ISSRs and SCoT markers,
whereas Chlorurus sordidus and Cheilinus trilobatus
showed similar magnitudes of genetic diversity. The
higher genetic diversity of Cheilinus quinquecinctus
observed at the two dominant markers might be associated
with its life-history characteristics (e.g., early maturity)
(Romiguier et al., 2010). In contrast, COl showed a
contrasting pattern where Cheilinus quinquecinctus had the
lowest genetic diversity (i.e., low z). The observed low
nucleotide diversity of Cheilinus quinquecinctus is a
probable sign of genetic bottleneck followed by a sudden
expansion (Grant and Bowen, 1998). Moreover,
mitochondrial COI lacks recombination as compared to
intergenic regions of nuclear DNA (Veneza et al., 2013),
while ISSRs and SCoT are highly polymorphic. A similar
pattern of low nucleotide diversity was also observed at
COl in Konosirus punctatus, a coastal marine fish species
in China (Liu, 2020). The genetic differentiation among
species was apparent, where AMOVA revealed higher
genetic differentiation among species compared to that
within species, based on ISSR and SCoT markers.
However, based on COI, the genetic variance within
species was similar to that among species. The
discrepancies in genetic variance associated with nuclear
genetic markers (i.e., ISSRs and SCoT) as compared to
that of mitochondrial genetic markers (COI) has been
reported in other fish species and mainly associated with
the different recombination rates at nuclear versus

mitochondrial ~ genetic ~ markers.  For instance,
Xenophysogobio nudicorpa populations from Yangtze
River showed a six-fold increase in genetic variation
among groups using nuclear genetic markers compared to
that recorded using mitochondrial genetic markers (Dong
et al., 2019). Species grouping was examined using cluster
analysis and PCA, which is considered an efficient tool in
defining the relationships among individuals of the same
and/or different species. The phylogenetic trees of the
three species and the PCA showed a comparable grouping
pattern. However, the most supported phylogenetic tree
and PCA were obtained based on COI, where all the
specimens from the same species grouped together with
grouping pattern matched species morphological
identification.

5. Conclusion

The Farasan Islands, Saudi Arabia, is considered a
major aggregation spot of fish species. Hence it is crucial
to identify parrotfish (family Scaridae), one of the most
common fish species, with significant ecological impacts
on coral reefs. The current study is the first to document
the identification and assessment of the genetic diversity of
three parrotfish species using three different genetic
markers. Nuclear genetic markers indicated presence of
higher genetic variance between, rather than within,
species; however, COI highlighted an equivalent variance
within and among species. COIl barcoding clearly
separated the studied species into three distinct groups
based on phylogeny and PCA. Additionally, this study
indicated that the genetic diversity of mitochondrial
genetic markers is a prevailing tool in discriminating
between different parrotfish species even while exhibiting
less variability. On the other hand, SCoT performed poorly
in differentiating among parrotfish species calling for
caution in using SCoT while investigating marine fish
genetic diversity.
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Figure S1. UPGMA phylogenetic tree based on ISSR of the parrotfish species. Chlorurus sordidus; G1-G10, Cheilinus trilobatus; G11-
G20, Cheilinus quinquecinctus G21-G30
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Figure S2. UPGMA phylogenetic tree based on SCoT of the parrotfish species. Chlorurus sordidus; G1-G10, Cheilinus trilobatus; G11-
G20, Cheilinus quinquecinctus G21-G30.
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Abstract

Endophytic fungi are an interesting group of microorganisms associated with the healthy tissues of medicinal plants used in
folk medicines for health benefits. Fifteen fungal endophytes were isolated from the plant parts of the ethnomedicinal plant
of Western Ghats, Tabernaemontana heyneana Wall., and evaluated for their L-asparaginase and antioxidative potentials.
They were identified by rDNA sequencing of the ITS region and characterized as strains of Fusarium, Colletotrichum,
Curvularia, Nigrospora, Plectospharella, Neocosmospora, Trichoderma and Endomelanconiopsis. Trichoderma hamatum
and Fusarium sp., colonized the bark, leaf and stem tissue fragments. Secondary metabolites from the endophytic strains
were extracted in ethyl acetate and evaluated for total phenolic content and antioxidant activity. The total phenolic content of
the extracts from all the fungal strains ranged from 17.29+12.92 to 90.41+4.56 mg Gallic acid equivalent/g (mg GAE/g) dry
extract and ICs, values in DPPH radical scavenging activity ranged from 51.64+8.91 pg/ml to 764.05+27.67 pg/ml. Eleven
strains were positive for L-asparaginase enzyme activity in the range of 1.44 to 3.42 IU/ml. Fusarium tricinctum
(MK752630) strain potentially produced high enzyme activity of 3.423 1U/ml. The highest total phenolic content
(90.14+4.56 mg GAE/g dry extract) and scavenging activity (ICs, value of 51.64+8.91 ug/ml) were detected in F. tricinctum.

Keywords: Endophytic fungi; L-asparaginase; Fusarium tricinctum; total phenolic content, DPPH radical scavenging, Western Ghats

1. Introduction

Plants are known to harbor endophytic fungi that reside
in internal tissues without showing any disease symptoms
(Frohlich and Hyde, 1999). The infected host tissues are
transiently symptomless, and the microbial colonization
can be demonstrated through histological means, by
isolation from strongly surface disinfected tissue, or, most
recently, through the direct amplification of fungal nuclear
DNA from colonized plant tissue (Stone et al., 2000).
Fungal endophytes represent an important component of
fungal biodiversity and are known to have mutualistic
association with host plants (Selim et al., 2012).
Endophytes are known to influence population dynamics,
plant community diversity and ecosystem functions
(Saikkonen et al., 1998). This group of microbes not only
synthesizes metabolites to compete first with epiphytes and
then with pathogens in order to colonize the host, but also
regulates metabolism of the host in a balanced association
(Schulz et al., 2002). Once inside host tissue, they assume
a quiescent state either for the whole time or for an
extended period of time until environmental conditions are
favorable for the fungus or the ontogenetic state of the host
changes to the advantage of the fungus (Sieber, 2007).

Endophytic fungi are known to have profound effects
on plant ecology, fitness, evolution (Brundett, 2006) and
play vital roles in host plants being chemical synthesizers

“ Corresponding author e-mail: nmsomaiah@gmail.com.

inside plants (Owen and Hundley 2004), producing
phytohormones (Schulz and Boyle, 2005), withstanding
environmental stress (Malinowski and Belesky, 2000) and
providing protection against pathogens (Akello et al.,
2007). In recent years, endophytes from medicinal plants
have demonstrated the ability to produce bioactive
compounds which are potential sources of novel natural
products (Nalini et al., 2019).

Asparaginase is widely distributed in nature from
bacteria to mammals and plays a central role in the amino
acid metabolism and utilization. L-asparaginase (EC
3.5.1.1) belongs to the group of homologous
amidohydrolases family, which catalyses the hydrolysis of
the amino acid L-asparagine to L-aspartate and ammonia.
L-asparaginase is the first enzyme with anti-leukemic
activity studied thoroughly in human beings (Savitri et al.,
2003). Asparaginase is used in food industry to prevent the
formation of acrylamide when foods are processed at high
temperatures (Cachumba et al., 2016).

Naturally occurring phenolic compounds are plant
secondary metabolites which are good electron donors
since their hydroxyl groups can directly contribute to
antioxidant action. Currently, there is a great interest in
finding natural antioxidants from endophytes associated
with plant species. Plant-endophyte interaction and
endophyte-endophyte interaction  studies  provide
understandings of metabolite production by fungi.
Endophytes are the repository of natural products
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displaying broad spectrum of biological activities like
anticancer, antibacterial, antiviral, anti-diabetic,
antioxidant and anti-inflammatory (Rajamanikyam et al.,
2017).

Tabernaemontana heyneana Wall., is endemic to
southern Western Ghats and is listed as lower risk/ near
threatened species in the “IUCN Red List of Threatened
Species” (World Conservation Monitoring Centre, 1998).
T. heyneana possess antimicrobial and anthelmintic
properties against skin venereal, respiratory and nervous
disorders (Duraipandiyan et al., 2006) and get used in the
traditional Indian system of medicine as a cure for cancer
(Baskar et al., 2012). The medicinal plants inhabiting
Western Ghats are major sources of traditional
pharmaceuticals and  therapeutics of  significant
potentialities. Therefore, we have investigated the
endophytic fungi residing in T. heyneana, their molecular
identification and evaluation of their L-asparaginase and
antioxidative capacities by in vitro methods.

2. Materials and methods

2.1. Collection of host plant

Healthy plant samples of T. heyneana Wall., were
collected in the forests of Kodagu district, in the
Talacauvery area of Western Ghats (12°17°to 12°27" N and
75°26° to 75°33'E), Karnataka, India, during the month of
June 2014. The habit of plant and collection locality is
shown in Figure 1. A total of five leaves, stem and bark
samples were collected separately from five plants. Bark
samples from the trunk were cut 1.5 m above the ground
level with help of sterile machete. The samples were
placed in pre-sterilized zip-lock polythene bags, stored at
4°C and transported to the laboratory. Fresh plant materials
were used for the isolation of fungal endophytes to reduce
the chance of contamination. Thus collected plant
materials were subjected to surface sterilization within few
hours after sampling.

2.2. Surface sterilization and isolation of fungal
endophytes

The leaf, stem and bark samples were rinsed gently in
running tap water to remove dust and debris. Before
surface sterilization, the cleaned stems were cut into pieces
of 5 cm length and bark samples were halved. Samples
were first immersed in 70% (v/v) ethanol for one minute,
3.5% (v/v) Sodium hypochlorite for two minutes. The
samples were rinsed three times with sterile distilled water
and dried on sterile blotters under laminar airflow to ensure
complete drying (Schulz et al., 1993). Bits of 1.0X0.1 cm
size were excised with the aid of sterilized blade. 200
segments of leaf, stem and bark were evenly placed on
water agar (WA) medium (15 g/L). The Petri dishes were
sealed using Parafilm ™ and incubated at 27+2° C in a
light chamber with 12 hours of light followed by 12 hours
of dark cycles for 4-6 weeks. The Petri dishes were
monitored periodically to check the growth of endophytic
fungal colonies from the segments. The hyphal tips which
grew out from the segments were transferred separately
onto fresh Potato Dextrose Agar (PDA) slants with a sterile
fine tipped needle under stereo binocular microscope and
incubated at 27+2 °C for 10-15 days and pure cultures were
maintained at 4 °C for further use.

2.3. ldentification of endophytic fungi

Morphological identification was done by
inoculating the endophytic fungi on PDA plates followed
by seven days of incubation and observation of colony and
spore morphology. The slides of each fungal endophytes
were prepared by tease mount method using lactophenol
cotton blue staining [NICE, Kerala, India] and observed
under the light microscope (Quasmo, Haryana, India) with
400X magnification. The identification was based on the
observation of mycelia, fruiting bodies, conidial characters
according to the standard identification manuals (Domsch
et al., 1980; Singh et al., 1991; Barnett and Hunter, 1998;
Mathur and Kongsdal, 2003).
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Figure 1.A. Map showing the location of plant sample collection
from Talacauvery site of Western Ghats; B. Tabernaemontana
heyneana Wall. habit; C-Flowers; D- A pair of follicles.

2.4. Molecular characterization of fungal endophytes

Hyphal tips from 15 morphologically different
endophytic ~ fungi, each representing individual
morphospecies, were inoculated into conical flask
containing Potato Dextrose Broth (PDB, Hi Media,
Mumbai, India) and incubated at 27+2 °C for 7-10 days.
The resulting mycelia were separated and placed in
polythene zip lock covers. The mycelia were then freeze
dried before being ground in a pestle and mortar containing
liquid nitrogen. The powdered mycelia were stored at -20
°C until required. The genomic DNA was extracted using
cetyltrimethylammonium bromide (CTAB) method with
minor modifications (Ausubel et al., 1994). The DNA
concentration ~ was  measured  using  Nanodrop
Spectrophotometer (Thermo Fischer 2000c, Bangalore,
India) at 260 and 280 nm.

PCR amplification in ITS rDNA region of isolates was
conducted using PCR 18 kit (Chromous Biotech Pvt. Ltd.
Bangalore, India). The target ITS 1, ITS 2 regions and 5.8s
gene  were  amplified  using ITS 1 (5-
TCCGTAGGTGAACCTGCG - 3°) and ITS 4 (5-
TCCTCCGCTTATTGATATGC - 3) primers.
Amplification reactions were performed in a thermal cycler
(Master cycler gradient, Eppendorf, Germany) with the
following cycling conditions 94°C for 2 min (Initial
denaturation), 35 cycles of 94°C for 1 min (Denaturation),
47°C for 15 sec (Primer annealing), 72°C for 30 sec
(Primer extension), followed by 10 min of final extension
at 72°C. Following amplification, the PCR products were
analyzed by horizontal agarose gel electrophoresis through
1% agarose gel supplemented with ethidium bromide along
with 100bp DNA marker. DNA bands on the gel were
visualized under UV light trans-illuminator (Geldoc XRT,
BioRad USA) and documented.
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The PCR products were sent to Chromous Biotech Pvt.
Ltd., Bangalore, India for purification and sequencing.
Sequencing similarity searches were achieved for the
obtained fungal sequences and compared with ITS
sequence data from strains available in the database
GenBank (National Centre for Biotechnology Information
website; http://www.ncbi.nlm.nih.gov/) by using the
BLAST sequence match routines.

2.5. Data Analysis

The relative colonization frequency (%CF) was
calculated as the number of segments colonized by a
fungus divide by total number of segments plated x 100.

2.6. L-asparaginase activity of fungal endophytes

Fifteen fungal endophytes isolated from leaf, stem and
bark of T. heyneana were subjected to rapid screening of
primary plate assay method using modified Czapek Dox
(MCD) agar medium using phenol red as an indicator
(Gulati et al., 1997). The composition of the prepared
medium was as follows: glucose- 2.0 g/l, L-asparagine-
10g/l, potassium dihydrogen phosphate (KH,PO,)-
1.52 g/l, potassium chloride (KCl)- 0.52 g/l, magnesium
sulphate  (MgSO4-7H,0)-0.52 g/l,  copper  nitrate
(CuNO3-3H,0)-0.001 g/, zinc sulphate (ZnSO,4-7H,0)-
0.001 g/1, ferrous sulphate (FeSO4-7H,0)- 0.001 g/l and
agar 20g/l. 2.5% (w/v) stock solution of the phenol red dye
was prepared and MCD medium was supplemented with
0.009% phenol red dye indicator to check the ability of test
fungi that grow in the medium. Final pH of the medium
was adjusted to 6.2. The control plates were prepared with
KNO3-0.001 g/l as the nitrogen source and lacking in
phenol red dye indicator. The prepared media was
autoclaved and poured into pre-sterilized plates and
marked into four quadrants. Mycelial plugs from four
different endophytic fungi were inoculated and incubated
at 27+2 °C for five days. The colonies showing pink zones
were inoculated individually on MCD agar plates to
approve the activity of enzyme.

2.7. Quantitative assay for enzyme production

For the production of L-asparaginase under liquid state,
the mycelial discs from positive agar plates were
inoculated into modified Czapek Dox’s broth and
incubated at 30°C in orbital shaker (GeNei™, Bangalore)
for 5 days at 120 rpm. The crude enzyme sample was
extracted by centrifugation and supernatant that contained
the enzyme used for further analysis by Nesslerization. The
reaction mixture consisting of 0.5 ml of 0.04 M L-
asparagine, 0.5 ml of 0.5 M TrisHCI buffer (pH 8.2), 0.5
ml of enzyme was obtained from the culture filtrate and 0.5
ml of distilled water. The samples were incubated for 30
min at 27°C. To stop the enzymatic reaction, 0.5 ml of 1.5
M trichloroacetic acid (TCA) was added. This was
followed by pipetting 0.1 ml of the mixture into fresh tubes
containing 3.7 ml of distilled water and 0.2 ml of Nessler’s
reagent and incubated at 27 °C for 20 minutes, after which
the absorbance of the samples was measured at 450 nm
using UV-Visible spectrophotometer (TPL Technology

Pvt. Ltd.,Bangalore). Blank was prepared by adding TCA
followed by enzyme sample. One international unit (1U) of
L-asparaginase was expressed as the amount of enzyme
that catalyzes the formation of 1umol of ammonia per
minute at 27 °C (Imada et al., 1973).

2.8. Submerged fermentation and extraction of
secondary metabolites

The sequential steps involved in fermentation and
extraction of secondary metabolites is represented in
Figure 2. At first the endophytic fungi were cultivated by
inoculating the actively growing mycelia from 7-days-old
pure culture into Erlenmeyer flask containing 500 ml of
Potato Dextrose Broth. The flasks were then incubated for
21 days at 27+2 °C. After incubation, the culture filtrates
were filtered through muslin cloth to separate mycelia. To
the culture filtrate, equal volume of ethyl acetate was
added and mixed well for 10 minutes and kept for 5
minutes till two clear immiscible layers formed. The upper
layer of the solvent containing extracted compounds was
then separated, evaporated and dried in Rotary flash
evaporator (Superfit Model PBU-6D, India). The dry solid
residue was dissolved in ethanol and stored as crude
extract in glass vials.

2.9. Determination of total phenolic content

The total phenolic content of ethyl acetate extracts of
endophytic fungi was estimated using Folin-Ciocalteu (FC)
reagent based assay using Gallic acid standard (Liu et al.,
2007). One ml of FC reagent and two ml of (20%, w/v)
Na,CO; was mixed with methanolic crude extracts. The
mixture was incubated at room temperature in the dark for
45 minutes, and the absorbance of the developed color was
recorded at 765 nm using UV-vis spectrophotometer (DU
730 “Life sciences”, Beckman Coulter). Gallic acid was
used as a reference standard for plotting the calibration
curve. The TPC of the extracts was expressed as mg of
Gallic acid equivalent (GAE)/ g of the dry extract.

2.10. Determination of antioxidant capacity by DPPH
(2, 2-diphenyl-1-picrylhydrazyl) assay

The antioxidant activity of endophytic fungal extracts
was determined by free radical scavenging activity of
DPPH by the method of Pannangpetch et al. (2007) with
slight modifications. A total of two ml of DPPH solution
(DPPH, Sigma-Aldrich, Bangalore, India) (0.001 mM) was
added into the endophytic fungal extracts and incubated for
20 minutes at room temperature in the dark. After
incubation, the absorbance was measured at 517 nm.
Ascorbic acid was used as reference antioxidant
compound. The scavenging activity was expressed as
inhibitory concentration 50% (ICso) (ug/ml). The
scavenging activity was calculated using the following

equation:
Ac - As

% Scavenging= — X100

0 ging Ac
Ac= Absorbance of control; As= Absorbance of test
sample
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3. Results

3.1. Isolation and the identification of fungal endophytes

A total of 600 tissue segments yielded 477 isolates were
obtained, which were distributed in 15 endophytic species.
The results revealed that leaf fragments were colonized by
more number of fungal endophytes (186) followed by stem
(171) and bark segments (120). The analysis of distribution
frequencies of endophytes indicated that the fungal
communities in the host contained a few frequent genera
and some infrequent species.

The isolates were identified using morphological and
microscopic characteristics with the support of molecular
analysis. 15  endophytic ~ species  belonged to
Sordariomycetes (87%) and Dothideomycetes (13%) were
obtained. Molecular  characterization of isolated
endophytic fungi with GenBank accession numbers, the
closest match of ITS sequence in the NCBI database and
their sequence similarity is depicted in Table 1. Among the
isolated endophytic fungi, seven different species of
Fusarium and two species of Colletotrichum were
recovered. Five species of Fusarium viz., Fusarium
begoniae, Fusarium commune, Fusarium culmorum,
Fusarium tricinctum, Fusarium babinda were associated
with the stem segments. In addition, Nigrospora sphaerica
and Curvularia coicis were also recovered from the stem
segments. Neocosmospora haematococca,
Plectosphaerella cucumerina, Colletotrichum fructicola
exhibited tissue specificity by colonizing the leaf
segments, while Fusarium petroliphilum,
Endomelanconiopsis endophytica were isolated from bark
segments. Colletotrichum gloeosporioides colonized both
leaf and the stem fragments, whereas Fusarium sp. and

Trichoderma hamatum showed colonization in all plant
segments. The percent colonization frequency of
endophytic fungi in bark, leaf and stem parts along with
their isolation code are represented in Table 2. The highest
percent colonization was exhibited by Fusarium sp. (15.3)
followed by T. hamatum (14.7) whereas F. commune
showed the least percent colonization of 2.0. All
endophytes from T. heyneana were assembled into eight

different genera and assigned to  Nectriaceae,
Glomerallaceae, Plectosphaerellaceae, Hypocreaceae,
Pleosporaceae, Botryosphaeriaceae and

Trichosphaeriaceae.

3.2. Qualitative analysis of endophytic fungi for L-
asparaginase activity

Of the 15 fungal endophytes screened for enzyme
activity by preliminary plate assay method, 11 could grow
on MCD agar producing pink zone with phenol red, a dye
indicator that changes from yellow to pink (acidic to
alkaline condition). The formation of pink zone around
each fungal colony specified variations in pH due to the
accumulation of ammonia in the medium.

3.3. Quantitative analysis by Nesslerization

Positive isolates from preliminary screening were
further evaluated by Nesslerization using
spectrophotometric methods. Eleven positive isolates
exhibited asparaginase activity in the range of 1.448+0.07
to 3.423+0.05 IU/ml (Figure 3). F. tricinctum from stem
showed highest asparaginase activity among all the tested
endophytic fungi with 3.423+0.05 IU/ml of enzyme. C.
fructicola from stem and F. commune from leaf also
demonstrated high asparaginase activity of 3.166+0.07 and
3.036+0.11 1U/ml respectively. Fusarium sp., F. begoniae
and E. endophytica showed moderate L-aspraginase
activity in the range of 2.827+0.09 — 2.388+0.06 1U/ml of
enzyme.

3.4. Determination of total phenolic content

Total phenolic content of all the fungal extracts ranged
from 18.14+8.62 to 90.41+4.56 mg GAE/g dry extract
(Table 3). The extracts of F. tricinctum displayed highest
TPC (90.41+4.56 mg GAE/g dry extract) followed by C.
coicis (88.99+38.75 mg GAE/g dry extract) and N.
sphaerica (87.52+34.44 mg GAE/g dry extract).

3.5. Antioxidant activity

The antioxidant activity of the endophytic extracts was
determined following DPPH radical scavenging activity.
The free radical scavenging activity is represented as 50%
scavenging activity (ICsp) and is depicted in Table 3. The
fungal extracts indicated ICs, values ranging from
51.64+8.91 ug/ml to 764.05+27.67 pg/ml. F. tricinctum
extract depicted high scavenging activity with 51.64+8.91
pg/ml, followed by F. commune (124.16+9.12) and N.
haematococca (129.20+15.12 pg/ml).
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Figure 3. L-asparaginase producers of endophytic fungal species isolated from T. heyneana.

Data are reported as mean+SD of three independent analyses (n=3).

Table 1. Molecular characterization of fungal endophytes isolated from T. heyneana with GenBank accession numbers, ITS sequence match

in the NCBI database and their percent sequence similarity

Fungal endophytes Isolate code GenBank Closest match Sequence Sequencing
accession number ITS length (bp) similarity

Colletotrichum gloeosporioides TH-WG-03 MK767027 KU682216 441 441/441 (100%)
Colletotrichum fructicola TH-WG-11 MK976025 MKO041495 516 507/517 (98%)
Curvularia coicis TH-WG-12 MK976026 MG589634 555 532/553 (96%)
Endomelanconiopsis endophytica TH-WG-13 MK991793 MKO075024 527 527/527 (100%)
Fusarium tricinctum TH-WG-04 MK752630 MK102656 504 495/504 (98%)
Fusarium sp. TH-WG-06 MK776870 MH935958 293 290/290 (100%)
Neocosmospora haematococca TH-WG-07 MK911734 KX099641 512 459/464 (99%)
Nigrospora sphaerica TH-WG-15 MNO066344 MF380852 493 484/500 (97%)
Plectosphaerella cucumerina TH-WG-08 MK940863 MHO063586 499 485/487 (99%)
Trichoderma hamatum TH-WG-09 MK940897 MK304047 551 553/553 (100%)
Fusarium babinda TH-WG-10 MK940898 MH862578 404 381/406 (94%)
Fusarium begoniae TH-WG-01 MK720625 KM577645 483 475/483 (98%)
Fusarium commune TH-WG-02 MK723994 KX878889 473 473/473 (100%)
Fusarium culmorum TH-WG-05 MK767026 KU375665 468 468/468 (100%)
Fusarium petroliphilum TH-WG-14 MN066343 L.S999414 506 501/509 (98%)
Table 2. Colonization frequency of endophytic fungi associated with T. heyneana
.Endophytic strains Isolate code Plant parts

Bark* Leaf* Stem* Total

I %CF | %CF | %CcF  %CF
Colletotrichum gloeosporioides TH-WG-03 - - 29 14.5 3 15 5.3
Colletotrichum fructicola TH-WG-11 - - 17 8.5 - - 2.9
Curvularia coicis TH-WG-12 - - - - 17 8.5 2.9
Endomelanconiopsis endophytica TH-WG-13 35 175 - - - - 5.9
Fusarium tricinctum TH-WG-04 - - - - 36 18 6.0
Fusarium sp. TH-WG-06 8 4.0 75 375 9 45 153
Neocosmospora haematococca TH-WG-07 - - 18 9.0 - - 3.0
Nigrospora sphaerica TH-WG-15 - - - - 19 9.5 31
Plectosphaerella cucumerina TH-WG-08 - - 15 75 - - 25
Trichoderma hamatum TH-WG-09 49 245 32 16 7 35 147
Fusarium babinda TH-WG-10 - - - - 27 135 45
Fusarium begoniae TH-WG-01 - - - - 13 6.5 2.1
Fusarium commune TH-WG-02 - - - - 12 6.0 2.0
Fusarium culmorum TH-WG-05 - - - - 24 12 4.0
Fusarium petroliphilum TH-WG-14 28 14.0 - - - - 4.7

* 200 segments were plated from bark, leaf and stem respectively for frequency analysis. I: Number of isolates; CF-Colonization frequency;

‘-*: Not detected
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Table 3. Estimation of total phenolic content and radical
scavenging potentials of T. heyneana endophytes

Fungal strains Total phenolic DPPH radical
content scavenging capacity
(mg GAE/gdry  (ICs pg/ml)
extract)
C. gloeosporioides  37.82+25.82 145.48+14.73
C. fructicola 33.51+16.02 413.36+26.40
C. coicis 88.99+38.75 374.15+30.50
E. endophytica 64.77+11.39 736.04+31.65
F. babinda 25.30+3.01 175.25+21.35
F. begoniae 37.87+3.44 138.68+5.71
F. commune 76.84+16.20 124.16+9.12
F. culmorum 35.96+21.52 378.04+17.48
F. petroliphilum 78.35+3.80 764.05+27.67
F. tricinctum 90.41+4.56 51.64+8.91
Fusarium sp. 18.14+8.62 336.03+22.71
N. haematococca 17.29+12.92 129.20+15.12
N. sphaerica 87.52+34.44 155.26+33.71
P. cucumerina 31.25+3.88 670.37+26.51
T. hamatum 68.65+12.62 481.24+17.99

Abbreviations: DPPH - 1,1-diphenyl-2-picrylhydrazyl; IC,, —
Inhibitory concentration 50%. Data are reported as mean + SD of
three independent analyses.

4. Discussion

The Western Ghats of India has an exceptionally high
level of biological diversity and is recognized as one of the
world’s ‘hot spots’ of biological diversity. T. heyneana is
one of the medicinally important species of apocynaceae
known to possess active pharmacological principles. This
study has aimed to isolate endophytic fungi from T.
heyneana and evaluate their L-asparaginase activity, total
phenolic content and antioxidant activity.

Fifteen endophytic fungal strains such as species of
Fusarium, Colletotrichum, Neocosmospora,
Plectosphaerella, Trichoderma, Curvularia,
Endomelanconiopsis and Nigrospora were identified using
ITS sequencing method. The occurrence of seven different
Fusarium species is remarkable as these have adapted to a
range of geographical sites, climatic conditions, ecological
habitats and host plants. Researchers suggest that there are
similar positive interactions of endophytic Fusarium
species with plants (Blok and Bollen, 1995). Fusarium sp.
and Colletotrichum sp. are also reported as endophytes
from earlier studies in T. heyneana (Manasa and Nalini,
2014). In our quest to identify fungal endophytes from
medicinal species of Rauvolfia, both Fusarium and
Colletotrichum spp. were documented as endophytes
(Bhavana et al., 2019). Preceeding findings also reveal the
evaluation of T. divaricata for the isolation of endophytes
like Colletotrichum, Gliocladium, Mycelia sterilia, Phoma,
Phomopsis, Xylaria sp. (Huang et al., 2008) as well as for
arbuscular mycorrhizal and dark septate endophyte fungal
associations (Debnath et al., 2015).

It was interesting to document that some of the fungal
genera such as Plectrosphaerella, Trichoderma,
Curvularia, Endomelanconiopsis and Nigrospora were not
previously reported from T. heyneana. The variation in the
colonization potential of the endophytic fungi shows that,
each endophyte exhibited different degrees of affinity

towards different tissues of the plant. Fusarium sp., and
Trichoderma showed colonization in leaf, stem and bark
tissues while the remaining endophytes were specific to
tissue types.

Of the 15 fungal endophytes, the highest percent
colonization was recorded in Fusarium sp. (15.3) followed
by T. hamatum (14.7) whereas F. commune showed low
percent colonization (2.0). Fusarium spp. as endophytes
are documented from T. heyneana (Manasa and Nalini,
2014), Catharanthus roseus (Ayob and Simarani, 2016),
Himalayan Yew plants (Garyali et al., 2013) and from
Malaysian anticancer plants (Chow and Ting, 2015).
Similarly, Trichoderma spp. as endophytes have been
recorded from three medicinal plants ie., Solanum
surattense (lkram et al., 2019), Salvia militiorrhiza (Zhou
et al., 2019) and Elettaria (Munir et al., 2019).

The fungal strains were investigated for L-asparaginase
production, total phenolic content and antioxidative
potentials. T. heyneana revealed the presence of diverse
endophytic fungal species with L-asparaginase activity. Of
the 15 endophytic strains screened, 11 were positive for L-
asparaginase. F. tricinctum isolated from stem fragments
showed high asparaginase activity among all the tested
fungi (3.423+0.05 IU of enzyme).

Fusarium endophytes differ in their ability to produce
L-asparaginase.  F. verticilloides from T. heyneana,
showed considerably less enzyme activity of 1.136 1U/ml
(Manasa and Nalini (2014). Fusarium spp. are known
producers of L-asparaginase. F. oxysporum with 27.10
units/gram dry substrate (Pallem, 2019), F. equiseti with
8.51 IU (Hosamani and Kaliwal, 2011), F. culmorum with
7.21 units/lgram dry substrate (Meghavaram and
Janakiraman, 2017), Fusarium sp. with 11.4 U/min/ml
(Gongalves et al., 2016), F. solani and F. oxysporum with
0.04 1U/ml and 0.08 1U/ml respectively were also reported
for their asparaginase activity (Gulati et al., 1997). Our
results are on par with the original work of Theantana et al.
(2009), wherein quantitative activity for 53 positive/82
strains of endophytes ranged from 0.014 to 1.5 Units/ml. It
is interesting to note that Trichosporon asahii IBBLA1
isolated from soil and moss samples from Schirmacher
hills, Antarctica regions exhibited significant enzyme
activity of 20.57 IU/ml (Ashok et al., 2019).

In the present investigation, high TPC of 90.41+ 4.56
mg GAE/g dry extract, was detected in F. tricinctum. T.
heyneana is a well-known Indian medicinal plant with
various phytochemicals. The total phenolic contents of
fresh leaf extract of T. heyneana contained 11.4+ 0.17 mg
GAE/g dry extract (Sathishkumar and Baskar, 2012),
whereas in the methanol extract, the TPC was 14.0+ 0.45
mg GAE/g dry extract (Manasa and Chandrashekar, 2015).
On the basis of these observations, it can be opined that the
phenolic content of endophytic fungal extracts are high in
comparison with the host plants.

Because of their capability to secrete bioactive
metabolites, endophytic fungi can also reduce the oxidative
stress (Khan et al., 2017). The anti-oxidative function of
endophytic fungi is due to the secretion of phenolic
compounds. Of the 15 endophytic fungal strains screened
for the antioxidant activity, F. tricinctum was found have
high antioxidative potentials with 1Cs, value of 51.64 *
8.91 ug/ml., whereas the DPPH radical scavenging activity
of T. heyneana carried out by Baskar et al. (2012),
Sathishkumar and Baskar (2012) showed ICsq values of
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340.17 £26.04 pg/ml and 507 pg/ml respectively, lesser in
comparison with the current study.

Endophytic F. tricinctum with unique bioactivity from
several medicinal species are reported viz., Taxus baccata
(Vasundhara et al., 2016) Salicornia bigelovii (Zhang et
al., 2015), Aristolochia paucinervis (Watjen et al., 2009)
Fritillaria unibracteata var. wabuensis (Pan et al., 2017a),
F. cirrhosa (Pan et al., 2017b), grasses (Przemieniecki et
al., 2019) and Paris polyphylla var. yunnanensis (Zhang et
al., 2011).

5. Conclusion

This study explores the endophytic fungi from T.
heyneana and their L-asparaginase, total phenolic content
and antioxidative potentials. The increasing importance of
L-asparaginase in recent years due to its anti-carcinogenic
applications encouraged us to screen the extracts of
endophytes for L-aspraginase activity. F. tricinctum
displayed significant L-asparaginase activity with
remarkable total phenolic content and antioxidative
capacities. Our study has shown that fungal endophytes
from T. heyneana have potential bioactivities. The extracts
are being evaluated for their anti-proliferative potentials in
in vitro cancer cell lines.
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Abstract

Heavy metals represent a growing threat for ecosystems worldwide. In Jordan, several studies have searched the amounts of
heavy metals in soils at roadsides of high ways and soils of litter dumps. The conducted studies found that these soils
contained worrying levels of heavy metals that have exceeded in many cases the average world safe limit. For example, lead
(Pb) level was 79 mg/ kg in soils closed to some highways while the world safe limit is only (25 mg/kg). In other studies,
cadmium (Cd) concentration was (5.9 mg/kg) while the world safe limit for Cd is only (0.03 mg/kg). Also in some litter
dumps in Jordan, soil chromium (Cr) average content was (6.9 mg/kg) while the world safe limit was only (0.1 mg/kg).
Lantana camara Linn. is a flowering plant that has recently attracted the attention of researchers due to its novel
phytoremediation powers against some heavy metals, which encouraged some countries to grow them in roadsides of
highways and litter dumps. Tissue culture is an excellent approach for studying responses of Lantana camara to heavy
metals without interference of other factors. In addition, tissue culture is the main method for producing elite plants lines
from callus and cell suspension cultures with superior characteristics by genetic transformation. In this study, callus cultures
were induced from leaf discs in vitro. Then, responses of Lantana camara callus cultures to different concentrations (0.0,
0.12, 0.2, 0.3 mg/L) of Cr, Ph, or Cd were monitored under in vitro environmentally controlled conditions to exclude the
interference of any other factor. The obtained results revealed that callus growth and quality were found to decrease in
response to adding heavy metals to the media at all concentrations. Meanwhile, all callus cultures recorded full survival rates
(100%) by the end of the experiments and resumed growth after being transferred to normal growth conditions. Amounts of
the three experimented heavy metals (Cr, Pb, and Cd) were found to reach the maximum in callus cultures (0.096, 0.109,
0.0193 mg/ kg), when pregrown on Murashige and Skoog media (MS media) supplemented with (0.3 mg/L), while
maximum Biological Absorption Coefficient (BAC) values of (0.41, 0.6, 0.30) were recorded in callus cultures pregrown in
media with (0.12 mg/L) of either Cr, Pb, or Cd, respectively. More work is still needed to improve BAC values obtained in
Lantana camara callus cultures. Also, the produced callus cultures can be used in future research for preparing cell
suspension cultures to be introduced to genetic transformation to produce Lantana camara plant lines with hyper
accumulation powers against these contaminants.

Key words: Lantana camara Linn., Callus, In vitro, Heavy metals..

bioaccumulation in the food chain, which made them

1. Introduction

Heavy metals act as natural components in the earth’s
crust (Laghlimi et al., 2015). Meanwhile, due to the
anthropogenic activities such as industrial effluents, fuel
production, mining, and agricultural chemicals, heavy
metals are presented nowadays as a major source of
toxicity that threatens the health of more than 10 million
people in many countries (Jadia and Fulekar, 2009).The
problem with heavy metals is due to the fact that these
elements cannot be degraded into non -toxic forms, so they
would remain in the ecosystem for many years (Jabeen et
al., 2009, Waoo et al., 2014, Waoo et al., 2015,). Cd, Cr,
Hg and Pb present the most common category of heavy
metals, due to their presence in the in the ecosystems and
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extremely dangerous to most biological systems (Jadia and
Fulekar, 2009). In Jordan, several studies were conducted
to investigate soil content of these contaminants in side
roads of high ways and litter dumps. For example, El-
Radaideh et al. (2018) found that Cr, Pb and Cd reached
levels of 16, 11, 79 mg/kg respectively along Irbid-North
Shooneh highway which are higher than world safe limit of
each element (0.1, 5.9, 25.0 mg/kg, respectively). This was
in agreement with Howari et al. (2004) who reported that
soils along North Shuna-— Agaba Highway contained 5
mg/kg Cd and 79 mg/kg Pb. Additionally, Mashal et al.
(2017) found that soils of roadsides of different sites of Al
Hashmiyya City contained heavy metals (Pb, Zn, Cr and
Cu) above threshold levels. Moreover, Daabes et al. (2013)
reported in their study about soils of three litter dumps in
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Jordan (Ghabawi, Akaider and Russeifah) that the average
concentrations of Cr (6.5 mg/ kg) and Cd (4.5 mg/ kg)
were high and exceeded local and international standard
limits.

Phytoremediation is a process where green plants
remove pollutants from the environment before
transforming them into biological forms (Doran, 2009).
Via phytoremediation, pollutants are up taken by the plants
before being translocated, and stored within plant
biological systems (Subhashini, and Swamy 2013).
Meanwhile, plant species differ in their phytoremediation
potentials according to their root depth, type of
contaminants, and regional climate (Laghlimi et al., 2015).

For many years, studies were conducted in field or in
vivo to investigate plant responses under environments
contaminated with heavy metals, which was encountered
by environmental, microflora and translocation barriers
that made such studies very difficult (Doran, 2009). For
this reason, plant tissue culture was presented as a
reasonable and complementary approach for such studies,
as via tissue culture most obstacles that might encounter
such research types are eliminated, which would promote a
deeper understanding for the mechanism of how plant cells
detoxify such pollutants (Doran, 2009). Additionally, via
in vitro techniques including callus and cell suspension
cultures, it is possible to study genes responsible for their
ability of accumulating heavy metals and to produce
biotransformed plants with super phytoremediation powers
that would present a revolutionary solution for heavy
metals management strategies.

Lantana camara Linn. (also known as Wild Sage,
Surinam Tea Plant and Spanish flag) is a widely spread
flowering ornamental plant, and is a member of
Verbenaceae family (Kalita et al., 2012). Besides its
aesthetic importance, Lantana camara Linn. has recently
attracted the attention of researchers due to its novel
phytoremediation powers against many types of heavy
metals (Jusselme et al., 2012; Mkumbo et al., 2012; Waoo
et al., 2014; Waoo et al., 2015). For example, in Mkumbo
et al., (2012) study, phytoremediation potential was
investigated in L. camara plants grown in soil artificially
contaminated soil with 500 or 1000 mg of Pb mg/ kg soil,
where Lantana camara was found to be very promising as
it was able to uptake 10% of 1000 mg/ kg of Pb per year.
Additionally , Waoo et al. (2014) confirmed
phytoremediation potential of Lantana camara plants
collected from polluted areas in India, as these plants were
found to be able to accumulate and tolerate high
concentrations of different heavy metals types (Cd, Ni, Cr
and Pb), mainly in their leaves and shoots. Moreover,
Waoo et al. (2015) went more deep in their
phytoremediation investigations about this plant, as they
studied responses of Lantana camara microplants grown
under in vitro conditions in MS medium supplemented
with different concentrations of Cr, and they found that the
microplants were able to maintain high survival rates in
MS media up to 35 mg/L Chromium, while their survival
and growth decreased drastically at higher concentrations.
However, Waoo et al. (2015) had used only microplants as
plant material in their research, and didn’t measure the
amount of Cr that had actually accumulated inside the in
vitro grown microplants of Lantana camara.

From this prospective, our study aimed to investigate
responses of Lantana camara callus cultures to addition of

Pb, Cr and Cd to the culture media. Moreover, for our
knowledge this is the first research that uses callus cultures
as a source of plant material for studying Lantana camara.
responses to heavy metals, hopping that this approach
would be a platform for future genetic and
biotransformation studies at cell concentration that might
produce Lantana camara plants with super accumulation
powers.

2. Materials and Methods

2.1. In vitro establishment of plant material

Vegetative buds of Lantana camara Linn. were
collected from a single plant growing at University of
Jordan campus (Amman, Jordan). Buds were surface
sterilized under running tap water before being soaked in
tap water supplemented with few drops of a commercial
detergent in addition to (1.0 g) of a fungicide (Benomyle)
for 15 min. Next, the buds were washed again under
running tap water and then soaked in 40% sodium
hypochlorite for 20 min under the laminar air flow cabinet.
Then, buds were rinsed with sterile distilled water and
soaked in 70% ethanol (v/v) for 30 seconds before being
rinsed again with sterile distilled water for three times. The
buds were then inoculated in 4.4 g/L of MS (Murashige
and Skoog, 1962) media premix (Sigma Aldrich
Murashige and Skoog basal salt mixture) plus 1 mi\L MS
vitamin mixture (Sigma Aldrich Murashige and Skoog
Vitamin Powder 1000X) in addition to 0.1 M sucrose and
8.0 g/L bacto agar. The cultures were then kept under
growth room consisting of a daily regime of 24+1 °C and
16/8 (light/dark) photoperiod of 45-50 pmol m s
irradiance. Subculturing was performed every four weeks
to fresh MS media till enough plant material was obtained
for the experiments.

2.2. Callus Establishment:

Callus was induced from leaf discs excised from the in
vitro grown microshoots of Lantana camara Linn (5.0 mm
diameter). The leaf discs were sub-cultured into Petri
dishes containing solid MS media supplemented with
either of (0.0, 1.0, 2.0 mg/ L) thidiazuron (TDZ) or 2,4-
dichlorophenoxy acetic acid (2,4-D). Each treatment
consisted of 10 replications with 2 leaf discs/ replicate.
Cultures were then maintained under complete dark
condition at 24+1 °C. Data on callus formation and
development were collected after two months including;
callusing percentage, callus fresh weight, color and texture.

2.3. Callus Multiplication

Induced calli were transferred into Petri dishes
containing fresh hormone free MS solid media for 5 days
under dark to remove any hormonal carryover effect. Then,
calli (0.7 mg) were transferred into MS media + 0.1 M
sucrose and 2.0 mg/L 2,4-D (2,4-dichlorophenoxy acetic
acid) in combination with different concentrations (0.5, 1.0
mg/L) of either Kinetin or Benzylaminopurine (BAP). The
control treatment consisted of callus establishment media
that yielded best callus establishment results in section
(2.2) which consisted of a solid MS media plus 0.1 M
sucrose and (2.0 mg/ L) 2,4-D. Each treatment consisted of
10 replications with 2 calli/ replicate. Data was collected
after one month for callus fresh weight, color and texture.
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2.4. Heavy Metals Experiments

Before heavy metals experiments, calli were transferred
into fresh hormone free MS solid media for 5 days under
dark to remove any hormonal carryover effect as described
earlier in section 2.3. Next, callus multiplication media
(control) that yielded best callus multiplication results in
section (2.3) [MS media supplemented + 0.1 M sucrose +
2.0 mg/L 2, 4-D + 1.0 mg/L Kinetin] was prepared and
poured into 250 ml glass bottles before being autoclaved.
After media sterilization, each heavy metal type
(chromium (Cr), lead (Pb) and cadmium (Cd) at
concentrations of (0.0, 0.12, 0.2, 0.3 mg/L) was infiltered
aseptically into each media bottle, under continuous
stirring before being poured into sterile Petri dishes. Next,
calli (0.7 mg) were transferred into each treatment with ten
replications/ treatment with two calli/ replicate. Data was
collected after one month for callus fresh weight, color and
texture. Also, samples of calli (0.7 mg) were transferred
into to the control multiplication media with ten
replications/ treatment and two calli/ replicate, to see if
there were any carry over effect on callus growth resulting
from preexposure to the experimented heavy metals, and
data for fresh weight was taken after one month.

For heavy metals analysis, acid digestion of dried calli
was carried out according to Jones (1984), where 20
samples were taken from each treatment, and 0.5g of each
callus sample was heated with 5 ml of 70% HNO3 and 1.5
ml of 60% HCIO4 until the brown fumes disappeared.
Next, the solution was cooed down and 1:1 diluted with
5ml HCI (density 1.18 g/ml). The diluted solution was then
filtered and diluted with distilled water up to 25ml.

Determination of Cr, Cd and Pb were done by
Inductively Coup lead Plasma-Optical Emission
Spectrometry (ICP-OES) equipped with 40.68 MHz
operating frequency generator, 1,800 L/mm t67
holographic grating which allows a wide range analysis
from 160-800 nm and up to 6 pm resolution. This method
meets the EN655011, IEC801-2, IEC801-3 and IEC801-4
EMC standards. The minimal detection limits and the R?
for standard curves are listed in the Table 1. Then, data
was recorded for concentration of each heavy metal
absorbed in the callus cultures, while plant ability to
uptake heavy metals from the media (Biological
Absorption Coefficient (BAC) was determined as a ratio of
element concentration in callus to element concentration in

Data recorded from each treatment was analyzed
separately according to the analysis of variance (ANOVA)
using (SPSS, version 17) analysis system. Means were
separated and standard errors (SE) were extracted
according to the Tukey’s HSD test (Honest Significant
Difference 22T) at a probability concentration of 0.05.

3. Results and Discussion

3.1. Callus Establishment

The obtained results indicated that, callus
establishment was a function of growth regulator type and
concentration in the culture media. In leaf discs treated
with TDZ under complete dark conditions, callusing
responded positively to increasing concentration of TDZ to
reach maximum callusing rate (70%) and fresh weight
(1.465 g) at concentration of 2.00 mg/L (Table 2).
Meanwhile, the quality of the resulted callus was poor, as
the callus was brown with a hard texture (Table 2). On the
other hand, using 2,4-D, as a source of growth regulator
enhanced all callus induction parameters (Table 2, Figure
1 B). Full callusing rate and maximum fresh weight (2.05
g) were obtained at concentration of 2.00 mg/L 2, 4-D
under complete dark conditions (Table 2, Figure 1B). This
was a combined with high quality of white friable callus.
Successful callus induction from leaf discs and shoot tips
of Lantana camara L. was reported by (Saxena et
al.,2013), where greenish compacted callus was obtained
when the explants were treated with 0.02 mg/L 2, 4-D
under light. Also, Veraplakorn (2016) was able to induce
callusing from Lantana camara leaf discs using 40.0
pumol/L of 1-naphthalene acetic acid (NAA) combined
with 40.0 umol/L BA under light. So, our approach for
successful callusing in Lantana camara Linn. leaf discs
was completely different from the previous study, as 2.00
mg/L 2,4-D was used for callus induction under complete
dark conditions.

Table 2: Effect of growth regulator type and concentration on in

vitro establishment of Lantana camara Linn. callus cultures from
leaf discs under complete dark conditions.

Concentration (mg/L) Callus % Fresh weight Color  Texture

(@

Thidiazuron (TDZ)

. . C*(0.0) 00.0+0.0 00.0+0.0 ¢
the growth media (Cheraghi et al., 2011).
1.0 31.25+4.762 0.65+0.092b  Brown Hard
Table 1. The minimal detection limits and the R? for standard 20 042,961 1465400332 B Hard
. . I+ +
curves of Cr, Pb, and Cd using Inductively Coupleadlead Plasma— : i Aporiivsa Brown  har
Optical Emission Spectrometry (ICP-OES) technique (2,4-D)
Element Detection limit (ppb) R? C (0.0) 00.0£0.0 00.0+0.0 ¢
Cr 2 0.9918 1.0 75+4.051 1.70+0.041b  White  Friable
Cd 0.5 0.9996 2.0 100.0+0.0 2.050.033 a White  Friable
Pb 10 0.9980 *C: represents control treatment (solid hormone free MS media+

2.5. Experimental Design

Treatments of the experiments were arranged in a
completely randomized design (CRD) and each treatment
was replicated ten times with 2 explant/ replicate.

0.1 M sucrose). Values represent means + standard error. Data for
each growth regulator was statistically analyzed separately. Means
within columns for each growth regulator having different letters
are significantly different according to Tukey HSD at P<0.05.
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Figure 1. In vitro grown Lantana camara Linn. A: Microshoots
grown in hormone free MS media + 0 .1 M sucrose. B:
Establishment of callus cultures from leaves discs in MS media +
20mg/L2,4-D+ 0.1 M sucrose. C: Callus multiplication in
MS media + 2.0 mg/L 2,4-D + 1.0 mg/L Kinetin+ 0.1 M
sucrose.

3.2. Callus growth

A tremendous increase in callus fresh weight was
obtained on media supplemented with Kinetin in
combination with 2.0 mg/L 2, 4-D compared to those
grown in either the control or BAP treatments (Table 3,
Figure 1C). Also, our results revealed that the increase in
fresh weight responded positively to the increase in kinetin
concentration in the media to reach a maximum weight of
(5.92 g) at kinetin concentration of 1.0 mg/L (Table 3).
Moreover, quality of the resulted callus was excellent in
kinetin treatment at all concentrations, as white friable
callus was obtained, while callus turned brown when
exposed to BAP treatments (Table 3, Figure 1C). Our
results were in complete harmony with those reported by
Raj et al. (2015) and Slazak et al. 2015), as Kinetin in
combination with 2,4-D were found to be excellent
formula for callus growth in Securinega suffruticosa and
Viola uliginosa. On the other hand, in Veraplakorn (2016)
study, callus multiplication was best in Lantana camara L.
when cultured on MS media supplemented with 40.0
umol/L (NAA) + 40.0 umol/L BA under light. Meanwhile,
in another related study, Zatimeh et al. (2017) tried
different hormones in combination with 2.0 mg/L 2, 4-D
for multiplication of Peganum harmala L. callus cultures
under dark conditions, where they found that (1.5 mg/L)
TDZ in combination with 2.0 mg/L 2, 4-D was a great
prescription for maximum callus diameter and fresh weight
(3.98 cm, 2.88 g). This might lead to a conclusion that,
despite using 2.0 mg/L 2, 4-D in combination with
different hormones for callus multiplication, the response
of callus cultures to these combinations is plant type
dependent.

Table 3: Effect of growth regulator type and concentration in
combination with 2,4-D on growth and quality of Lantana camara
Linn. callus cultures.

Concentration (mg/L)  Fresh weight (g) Color Texture
Kinetin

c* 2.03+0.0194 ¢ White Friable
0.5 4.65+0.0133 b White Friable
1.0 592+0.119a White Friable

Benzylaminopurine (BAP)

C 2.03+0.019b White Friable
0.5 2.21+0.125b Brown Friable
1.0 3.14+0.179a Brown Friable

*C: represents control treatment (solid MS media+ 0.1 M sucrose
+ 2, 2,4-D). Values represent means =+ standard error. Data for
each growth regulator was statistically analyzed separately. Means
within columns for each growth regulator having different letters
are significantly different according to Tukey HSD at P<0.05.

3.3. Effect of Heavy Metals
3.3.1. Effect of Chromium

The obtained data revealed that growing callus cultures
in media supplemented with Chromium (Cr) for one month
had a negative impact on callus growth and quality. A
significant decrease in callus fresh weight was recorded as
Cr concentration increased in the media to reach a
minimum record of (2.13 g) at Cr concentration of (0.3
mg/L) (Table 4). This was a combined with a decline in
color quality, as cultures turned creamy compared with the
whitish healthy callus obtained in the control treatment
(Table 4, Figure 2A, B). Cr was reported to have inhibitory
influence on plant growth even at low rates
(Sundaramoorthy and Ganesh, 2015; Waoo et al., 2015).
This was attributed to the fact that Cr at high rates, like any
other heavy metal, would interfere with metabolic
reactions in plants and would lead to growth retardation or
death (Schmidt 2003; Jadia and Fulekar 2009). Moreover,
Waoo et al.,(2015) found that adding Cr in a form of
Chromium Sulphate (CrSO4) to the culture media had
significantly decreased the shoot length and quality of
Lantana camara in vitro grown plantlets, while survival
was drastically declined when (CrSO4) concentration
exceeded 35 mg/L.

Meanwhile, full survival rates were obtained by the
end of Cr experiment, and most callus cultures had
recovered from the side effects of Cr one month after being
subcultured into fresh control media, as an increase in
fresh weight was recorded in all cultures (Table 4). This
might indicate that Lantana camara L. callus cultures have
the ability to withstand living under such contaminated
environment without altering their survival and regrowth
potentials. Moreover, Cr was detected in the dried callus
cultures exposed to Cr at all concentrations and the
maximum amount of Cr (0.069 mg/kg) was detected in
cultures exposed to (0.3 mg/L) Cr (Table 4), which
indicated that callus cultures were found to be able to
accumulate Cr from chromium contaminated media
without any losses in their survival rates (Table 4).
Meanwhile, the biological absorption coefficient (BAC)
decreased with increasing Cr concentration in the media to
reach a minimum value of (0.23) in cultures pre-exposed to
(0.3 mg/L) Cr compared to (0.41) recorded in callus
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pretreated with (0.12 mg/L) Cr (Table 4), which implies
that callus ability to uptake Cr from the media became
more weak as Cr concentration increased in the culture
media (Table 4). This would act as a defense mechanism
adopted by living cells of plants growing in environment
where high concentrations of heavy metals exist to prevent

enable the plant to avoid exposure to toxicity hazard or
death. Meanwhile, according to Mkumbo et al. (2012), a
plant with (BAC value > 1) is described as suitable for
phytoextraction of heavy metals from soil, but this applies
only at whole plant concentration and not at concentration
of callus cultures as it is the case in our study.

absorption of high amounts of heavy metals that would

Table 4. Effect of Chromium (Cr) concentrations on fresh weight, color and texture of Lantana camara Linn. callus cultures, in addition to
phytoremediation potential of the plant material.

Concentration (mg/L)  FW1(g)* Color Texture FW2(g) Cr" concentration (mg/ kg dry weight) BAC?

C* 5.86+0.081 a White Friable 5.94+0.072 a

0.12 3.58+0.065b Creamy Friable 4.82+0.151 b 0.0493+0.012 b 0.41+0.051 a
0.2 2.60+0.058 ¢ Creamy Friable 4.39+0.091 ¢ 0.0687+ 0.018 a 0.34+0.016 b
0.3 2.13+0.044 e Creamy Friable 3.78 £0.073 d 0.06948+ 0.022 a 0.23+0.012 ¢

*C: represents control treatment (solid MS media+ 0.1 M sucrose +1 mg/L kinetin + 2 mg/L 2,4-D). FW1: callus fresh weight recorded after

growth for one month in media supplemented with each type and concentration of heavy metal. FW2: callus fresh weight recorded one
month after being subcultured into control media. Y: concentration of the heavy metal in the callus cultures in dry weight bases. Z: BAC
represents the Biological Absorption Coefficient. Values represent means + standard error. Means within columns for each heavy metal type
having different letters are significantly different according to Tukey HSD at P<0.05.

Figure 2. Effect of heavy metals on growth and quality of
Lantana camara L. callus cultures grown in either of A: control,
B: 0.3 mg/L Cr, C: 0.3 mg/L Pb or D: 0.3 mg/L Cd.

3.3.2. Effect of Lead

Adding lead to the culture media resulted in a drastic
decline in callus fresh weight and quality. The lowest fresh
weight was recorded in callus exposed to (0.3 mg/L) Pb,
while red spots appeared in all callus clumps treated with
Pb at all concentrations (Table 5, Figure 2C). Although Pb
is described as nonessential element in most vital
biological reactions in plant cells, still it is reported as
hazardous or lethal to most livings even when absorbed at
very small amounts (Boonyapookana et al. (2005). At
plant concentration, Pb was found to be responsible for
necrosis, growth stunting and reduction in biomass

production in sunflower, tobacco, and vetiver plants grown
in hydroponic environment supplemented with different
concentrations of Pb (Boonyapookana et al. (2005), which
agrees with our results. Meanwhile, full survival rates were
recorded in all callus cultures of our study, and they
resumed growth after being subcultured into lead free fresh
media but at a lower extent in those exposed to either (0.2
or 0.3 mg/L) Pb (Table 5). Moreover, amount of Pb
detected in callus cultures increased with increasing Pb
concentration in the media to reach the maximum (0.1095
mg/ kg) at Pb concentration of (0.3 mg/L). On the other
hand, BAC values declined with increasing Pb
concentration to reach the minimum (0.37) at (0.3 mg/L)
Pb compared to (0.60) BAC recorded in cultures pretreated
with (0.12 mg/L) Pb (Table 5). In another related study,
Mkumbo et al. (2012) assessed phytoextraction potential
of several plant species in vivo against Pb, where they
found that Lantana camara seedlings recorded low BAC
(0.4) compared to values recorded in Tephrosia candida
and Tagetes minuta (L.) (2.55 and 1.0) respectively, which
made these two species most suitable for phytoextraction
of Pb in the gold mining areas of Tanzania. However, BAC
value (0.4) recorded in Lantana camara seedlings grown in
Pb polluted soil (318.9 mg/kg dry weight) in Mkumbo et
al. (2012) study was so close to BAC (0.45) obtained in
our study when callus was pregrown in media
supplemented with (0.2 mg/L) Pb.

Table 5. Effect of Lead (Pb) concentrations on fresh weight, color and texture of Lantana camara Lin. callus cultures, in addition to

phytoremidation potential of the plant material.

Concentration (mg/L)  FW1(g) Color Texture FW2(g) Pb" concentration mg/kg dry weight) BAC?

c* 5.86+0.081 a White Friable 5.94+0.072 a

0.12 2.72+0.083b Reddish white Friable 3.97+£0.086b  0.0716+0.011c 0.60+ 0.016 a
0.2 1.97 £0.084 ¢ Reddish white Friable 3.25+£0.081c  0.0895+0.013 b 0.45+ 0.01 be
0.3 1.83+£0.069 ¢ Reddish white Friable 2.93+0.099c  0.1095+0.015a 0.37+0.021 ¢

*C: represents control treatment (solid MS media+ 0.1 M sucrose +1 mg/L kinetin + 2 mg/L 2,4-D). FW1: callus fresh weight recorded after
growth for one month in media supplemented with each type and concentration of heavy metal. FW2: callus fresh weight recorded one
month after being subcultured into control media. Y: concentration of the heavy metal in the callus cultures in dry weight bases. Z: BAC
represents the Biological Absorption Coefficient. Values represent means + standard error. Means within columns for each heavy metal type
having different letters are significantly different according to Tukey HSD at P<0.05.
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3.3.3. Effect of Cadmium

A significant decline in callus fresh weight was
recorded in response to Cadmium addition to the media at
all concentrations (Table 6). However, the decline in fresh
weight was most severe at Cd concentration of (0.3 mg/L)
where callus color turned brown (Table 6, Figure 2D).
Meanwhile, all callus cultures were back to grow normally
when transferred to normal heavy metal free culture media,
but cultures precultured in either (0.2 or 0.3 mg/L) Cd
supplemented media were still suffering from the negative
impacts of prexposure to Cd (Table 6). Toxic
concentrations of Cadmium were reported to interfere with
most primary biological processes such as, photosynthesis,
carbohydrate metabolism, in addition to enzymatic
activities that would either decline growth or cause plant

death (Javed and Greger, 2011). Moreover, Cd was not
detected in callus dried samples at concentration of (0.12
mg/L), while the highest records for Cd concentrations
(0.0913 mg/ kg) and BAC values (0.30) were found in
callus pregrown in (0.3 mg/L) Cd supplemented media. In
another related study about evaluation of phytoremediation
potential in several plant species grown in Cd
contaminated soil, it was found that the highest values for
bioconcentration factor (BCF: concentration of heavy
metal in shoots / concentration of heavy metal in soil) in
French marigold, Impatiens, Garden verbena, and Scarlet
sage plants exceeded (1) and ranged from 1.75 to 5.68,
which made these plants hyper accumulators for Cd (Lin et
al., 2010)

Table 6. Effect of Cadmium (Cd) concentrations on fresh weight, color and texture of Lantana camara Lin. callus cultures, in addition to

phytoremediation potential of the plant material.

Concentration (mg/L) FW1(g) Color Texture FW2(g) CdY concentration (mg/ kg dry weight) ~ BAC?

c* 5.86+0.081 a White Friable 5.94+0.073 a

0.12 3.07+0.075 b Creamy Friable 4.37+0.081b

0.2 2.43+0.066 ¢ Brown Friable 3.82+0.055¢ 0.0587+0.023 b 0.29+ 0.028 a
0.3 1.79+0.032 e Brown Friable 3.61+0.066 ¢ 0.0913+0.011 a 0.30+0.012a

*C: represents control treatment (solid MS media+ 0.1 M sucrose +1 mg/L kinetin + 2 mg/L 2,4-D). FW1: callus fresh weight recorded after
growth for one month in media supplemented with each type and concentration of heavy metal. FW2: callus fresh weight recorded one
month after being subcultured into control media. Y: concentration of the heavy metal in the callus cultures in dry weight bases. Z: BAC
represents the Biological Absorption Coefficient. Values represent means + standard error. Means within columns for each heavy metal type
having different letters are significantly different according to Tukey HSD at P<0.05.

4. Conclusions

Callus induction and multiplication were obtained
successfully from Lantana camara L. in vitro grown leaf
disc. Successful callus induction would facilitate using this
callus as a source of cells which can be used in future
studies to study and to specify genes responsible for phyto
remediation powers in Lantana camara plants and to
produce genetically transformed cell lines with super
accumulation capabilities. Also, the obtained results
showed that, although exposing callus cultures to different
types and concentrations of heavy metals (Cr, Pb, and Cd)
had negatively affected callus growth and color, callus
cultures were able to withstand the exposure of heavy
metals at all concentrations, as they maintained their
survival potential and resumed growth after being
subcultured into normal growth media. Also, callus
cultures were able to absorb and accumulate different
amounts of the experimented heavy metals types from the
culture media at all concentrations. This indicates that
survival and accumulation powers of Lantana camara
delicate callus cultures against the tested heavy metals can
be introduced to further studies to be improved if proper in
vitro breeding protocols are applied. However, more work
is still needed to test the response of Lantana camara
callus cultures to higher and even toxic concentrations of
each heavy metal and to find ways to improve BAC values
obtained in Lantana camara L. callus cultures. This can be
achieved by means of plant genetic biotransformation,
where callus can be used as a raw material for massive
production of elite hyperaccumulators against such
annoying contaminants.
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Abstract

This work aims to biosynthesize zinc nanoparticles (ZnNPs) from licorice (Glycyrrhiza glabra) root extract and to apply that
on seeds germination of two Sorghum bicolor varieties (Enkath and Rabeh). Three concentrations of both licorice extract and
colloidal solutions of ZnNPs (25%, 50%, and 75%) were tested on some features of planting seeds in vitro including Seeds
germination percentage, shoot length, root length, seedlings length, and Root-Shoot Ratio. Along with that, characterization
of ZnNPs was also done. AFM of the phyto-synthesized ZnNPs reached an average of 68.69 nm. Presenting of (-CH) group
through FTIR confirmed finding compounds —CH3 and —CH,, in monosaccharides, disaccharides, polysaccharides and mono
acidic saccharides. The exposure to ZnNPs showed remarkable effects on seed germination and other growth parameters of
sorghum seedlings. The low concentration of 25% of ZnNPs exhibited the best shoot length compared with the high
concentrations (50% and 75%). The two concentrations of 50% and 75% exhibited the presence of hairy roots in order to the
smallness of roots. Thus, the low concentration (25%) of ZnNPs can be used as a material for S. bicolor seed priming in the
field with low toxicity on this plant. The results of this work encourage using ZnNPs as an improver in agricultural

applications.

Keywords: Agriculture, Biosynthesis, Licorice, Nanobiofertilizer, ZnNPs.

1. Introduction

Sorghum, Sorghum bicolor (L.) Moench, is a major
crop of agriculture economically important cereals used as
food for the humans in developing countries, and it is
easily grown (Queiroz et al., 2011). S. bicolor is produced
in Iraq, and its total production was 50000 Million Ton in
2018 (IndexMundi, 2018). The world population is
increasing rapidly, and the production is not sufficient to
meet the requirements of the market. Thus, especially in
developing countries, this can lead to severe challenges in
food security (FAO, 2009). Sorghum ranks as the main
cereal crop next to the wheat, rice and maize in the world
(Soomro et al., 2015).

Moreover, it has multiple usages and is included in the
production of human and animal food, as well as alcohol
and industrial products (Awika and Rooney, 2004).
Cultivation of this crop is centered in tropical and
subtropical regions, primarily in marginal areas that are
more stress-prone (Reddy and Patil, 2015). These
conditions of stress, especially abiotic ones, are the biggest
causes of the reduction of sorghum vyield (Souza et al.,
2015), although these are minimized owing to its higher
tolerance to stress compared to other cereals (Mutisya et
al., 2009).

Micronutrients are chemical elements meaningful for
plant growth. They are necessary at a small quantity and
although their participation is small. The absence of
essential micronutrients can lead to reducing the
productivity of crops significantly (Malakouti, 2008).
Micronutrient deficiencies are a common problem in soils
of semi-arid regions, especially zinc, sulphur and boron
(Sahrawat et al., 2007). Thus, the reduction of the elements
in the crop negatively affects human health (Tuomisto et
al., 2017). It has been assessed that many people
throughout the world suffer from micronutrient
malnutrition, the most common deficiencies of iron, zinc,
and iodine, or vitamin A (Welch, 2002). Nowadays,
nanomaterials priming of micronutrients is a new approach
for the increase of seedling vigor and development of seed
germination percentage (Dehkourdi and Mosavi, 2013;
Ghafari and Razmjoo, 2013). Using nano-emulsion is
significant to improve nutritional elements in plants called
agricultural nanotechnology (Mostafa et al., 2017).

Sorghum is the main cereal crop after wheat, rice and
maize globally (Soomro et al., 2015), and needs eco-
friendly fertilizer to enhance its growth, and in this study,
Glycyrrhiza glabra was selected to use in the biosynthesis
of ZnNPs. G. glabra is one of the most traditional herbs
used in medicine. It belongs to the family Leguminosae
(Nomura et al., 2002). However, G. glabra contains
glycyrrhizin, liquiritin, liquiritin apioside, isoliquiritin,
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isoliquiritin  apioside, liquiritigenin, isoliquiritigenin,
licuraside, glycyrrhetinic acid, glycycoumarin, glabridin,
licochalcone A licoricidin, p-hydroxybenzylmalonic acid
(Li et al., 2016), coumarins, flavonoids, triterpenoids,
tannins, glabrol, kumatakenin, chalcones, licoricone, and
phytosterols (Mostafa et al., 2017). The root of
Glycyrrhiza sp. is containing bioactivities such as
antibacterial, antifungal, antimalarial, antiviral, anticancer,
antioxidant, antiallergenic, immunostimulant, antiulcer,
anti-inflammatory, antidiabetic, antithrombic, expectorant
and estrogenic activities (Dong et al., 2007; Renjie, 2008;
Zore et al., 2008; Al-Ani et al., 2018).

There are many studies that have sought biosynthesis of
metallic nanoparticles from organic compounds in plant
(Al-Bahrani et al., 2018) and fungi (Owaid and Ibraheem,
2017) such as greener zinc (Owaid et al., 2019), silver
(Owaid et al., 2015, 2018) and gold nanoparticles (Owaid
et al., 2017). Green synthesis of ZnNPs is considered
useful, safety/non-toxic and potential agent in different
fields as has been produced from ginseng root extract
(Owaid et al., 2019). Hence, ZnNPs reduced the negative
influence of drought action toward some plants (Taran et
al., 2017). Thus, in this study, licorice (G. glabra) root
extract has been used to biosynthesize ZnNPs and tested
their bioactivity in the agricultural field. This study aims to
use ZnNPs synthesized using licorice extract for
germination and feeding seeds of Sorghum (S. bicolor) in
vitro in comparison with the aqueous extract of licorice
alone. Seeds germination percentage, shoot length, root
length, seedlings length, and Root-Shoot Ratio were
investigated. Also, characteristics of the biosynthesized
ZnNPs were studied.

2. Materials and Methods

2.1. Germination of Sorghum bicolor L. Moench Seeds

Two sorghum varieties Enkath and Rabeh (Sorghum
bicolor L. Moench) were obtained from the Department of
Yellow and White Maize Research, General Authority for
Agricultural Research in Iragi Ministry of Agriculture in
May 2017 to use in the effect of the extracts and zinc
nanoparticles (ZnNPs) on their growth in vitro.

2.2. Extraction of Glycyrrhiza glabra licorice root

Licorice root powder was obtained from the local
market in Hit city, Irag. About 5 g powder was extracted in
100 ml D.W (distilled water) by the magnetic stirrer
hotplate for 15 min until boiling. The extracted solution
was put for cooling then filtrated using gauze and
centrifuged 4000 rpm. The aqueous extract has been
collected and stored in the freezer until future use.

2.3. Biosynthesis of ZnNPs

For the licorice-mediated synthesis of ZnNPs, 10 ml of
3x10° M ZnS0,.7H,0 has been mixed with 3 ml aqueous
extract of Glycyrrhiza glabra licorice root on the magnetic
stirrer hotplate at 80 °C for 3 h until the change of color
was seen.

2.4. Characterization of ZnNPs

The change of color, UV-Visible spectroscopy, FTIR
(Fourier-transform infrared spectroscopy, Bruker), AFM
(Atomic Force Microscopy), and Granularity Cumulation
distribution have been achieved in Department of
Chemistry at University of Baghdad (SPM AA300

Angstrom Advanced Inc., USA, AFM contact mode, with
a suitable silicon tip by using IMAGER 4.31 software) to
characterize ZnNPs formed using aqueous extract of G.
glabra (licorice) root.

2.5. In vitro planting Sorghum bicolor seeds

Seeds were immersed in 5% sodium hypochlorite
solution for 10 min to ensure surface sterility (U.S.
Environmental Protection Agency, 1996). They were
soaked in distilled water (DW) for 2 h, rinsed four times
with DW, and then soaked in a series of the synthesized
ZnNPs suspensions for approx. 2 h. Hence, ten seeds of S.
bicolor were planted on the sterilized filter paper in 9 cm
Petri dish and wetted by 5 ml of solutions separately for
each concentration. All plates were put in the plant
incubator at 25 °C for 10 days then harvested and the
determinations were calculated. Seeds germination
percentage, shoot length, root length, seedlings length, and
Root-Shoot Ratio were recorded by using three
concentrations of licorice root extract (25%, 50% and
75%) and three concentrations of colloidal solutions of
ZnNPs (25%, 50% and 75%), while DW was used as
control.

2.6. Statistical analysis

The data, in five replicates, has been subjected by its
mean to Two-Way analysis of variance (ANOVA) using
the SAS program, version 9. The significance of
differences has been determined by using Duncan’s
Multiple Range Test, and the probability less than 0.05 was
considered to be statistically significant.

3. Results and Discussion

The UV-Visible spectrum and the optical vision of zinc
nanoparticles (ZnNPs) synthesized using the licorice
extract were observed in Figure 1. The changing in the
solution color from brown to the whitish bright brown
(Pale yellow to pale white) recorded a lambda max reached
350 nm with the absorption of 4.200 au compared with the
lambda max 350 nm for the extract which appeared
because of the organic compounds at the absorption of
3.650 au. The results of the present study agree with results
of (Tomaev et al., 2019) who referred to the formation of
ZnNPs in the range from 200-400 nm, and agrees with
(Rajamanickam et al., 2012) who synthesized
polydispersed ZnNPs from Actinomycetes the lambda max
reached 310 nm. The change of color is due to the
excitement of surface Plasmon vibration in ZnNPs (Owaid
et al., 2019). The heating to 80 °C is more suitable than the
low temperature for synthesizing ZnNPs from the extract
of licorice roots due to increase of activation energy to
reduce the organic biomolecules (Burda et al., 2005).
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Figure 1. UV-Visible spectra and optical vision of the synthesized
ZnNPs and the licorice extract .
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Figure 2 exhibited AFM graphs (the three and lateral-
dimensional graphs) to screen surface roughness of the
licorice-assisted synthesis of ZnNPs at size image 1465.36
nmx1529.26 nm. The surface roughness analysis showed
some functional parameters like roughness average of 2.92
nm, reduced core roughness depth of 10.3 nm, summit
height of 0.91 nm, and reduced valley depth of 1.91 nm.
Hybrid parameters were calculated such as surface area
ratio reached 2.84, and mean summit curvature reached -
1.0 nm™,

n3

_a¥iom

C3PM T
Tepegraphs

Prus = {14 10y

e = (| Wi, e

Figure 2. AFM of the biosynthesized ZnNPs, (A) 2D graph, (B)
3D graph

Figure 3 exhibited the histogram of the particle size
distribution of the biosynthesized ZnNPs which reached to
average 68.69 nm. The volume of ZnNPs of 65.00 nm was
<50% as in the AFM. The lower ZnNPs diameter was 50
nm whereas the higher diameter was 95 nm with volumes
2.92% and 3.65%, respectively. The higher amount was
15.33% for the ZnNPs with a diameter of 60 nm.
Granularity Cumulation distribution of ZnNPs also has
different accumulation according to their sizes as shown in
Figure 3. The ZnNPs of 50 nm have the lowest
accumulation of 2.92%, followed 13.87% and 29.20% for
ZnNPs with diameters 55.00 and 60.00 nm respectively.
The higher accumulation percentage is 100% for ZnNPs of
95.00 nm, followed 96.35% and 89.05% for the sizes 90.00
nm and 85.00 nm respectively.
Figure 3 Granularity Cumulation Distribution chart of ZnNPs
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Figures 4A and 4B showed FTIR spectra of the licorice
extract and ZnNPs, respectively. These figures showed two
bands at 1369 cm™ and 1417 cm’* for the extract and 1375
cm® and 1421 cm for ZnNPs related to symmetric and

asymmetric bending vibration for -CH group. Absorption
bands at 2926 cm™ for the extract and 2894 cm™ and 2938
cm? for ZnNPs return to symmetric and asymmetric
extension vibration for —-CH group which refers to finding
compounds of Alkane like —CH5; (methyl) and —CH,
(methylene) in monosaccharides, disaccharides,
polysaccharides, proteins, amino acids and fatty acids. The
presence of an absorption band evidence this at 1027 cm
for the extract and 1045 cm™ for ZnNPs related to the
single bond of C-C. The chemical composition of licorice
may contain the protein, carbohydrates and fatty acids, and
that agreed with the results of (Badr et al., 2013).

Also, the spectra exhibited absorption bands at 1514
cm’* for the extract, and at 1516 cm™ for ZnNPs belong to
extension vibration of C=C group for successive double
bonds in the ring of aromatic compounds. On the other
hand, the spectra exhibited absorption peaks at 3278 cm’*
for the extract and at 3277 cm™ for ZnNPs return to the
hydroxyl group (-OH) in amino acids and proteins
(Silverstein et al., 2005). Indications of the presence of
fatty acids, amino acids and proteins are the presence of
extension vibration of the broad absorption bands ranged
from 2840 cm™ to 3550 cm™ for the extract and ranged
from 2500-3500 cm® for ZnNPs which belong to the
hydrogen bonding of the hydroxyl (O-H) in the carboxyl
group (-COOH). In addition, the absorption band due to
the bending vibration of the hydroxyl group (-OH) and the
band located at 1199 cm™ for the extract due to the
extension vibration of C-O group (Silverstein et al., 2005;
Mistry, 2009). The presence of carbonyl group (C=0) in
extension vibration at 1591 cm™ for the extract and at 1597
cm* for ZnNPs and band of bending vibration at 831 cm™
for the extract and the clear vibration at 866 cm™ may
belong to hydroxyl group in carboxylic acids (Hayashi and
Sudo, 2009), and flavonoids (Kondo et al., 2007). The
sharp absorption band in Figure 4B at 1045 cm?, two
bands at 1375 cm™ and 1421 cm are clear evidence for
the presence ZnNPs in the sample.

The FTIR spectrum of the extract contains the ZnNPs;
Figure 4B is similar in the sites of the functional groups.
Also, ZnNPs are expected to have a large surface area that
allows all atoms with high electronegativity which contains
pairs of non-co-electrons like oxygen and nitrogen to
contribute them well. For example, the oxygen atom in the
composition of monosaccharides, oligosaccharides and
polysaccharides in the form of —OH and in flavonoids in
the form of ether (-O-) or in the form of carbonyl (C=0)
and in the form of (-COOH). In amino acids, proteins and
phenols are present in the form of (-OH); thus, the bond
may be as follows: (Zn-O-R) where R is sugar, amino
acids, or flavonoid. Another example of high
electronegativity atoms is the nitrogen atom (N) in the
amino acid composition (-NH,) or (=NH) as in peptides. In
protein, composition is in the form of (-NH,); thus, it is
likely that the bond may be as follows: (Zn-N-R) where R
is an amino acid or protein. Finally, these organic
compounds of the licorice extract reduced Zn ions to Zn
atoms and covered them.
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Figure 4 FTIR spectra of the licorice extract (A) and ZnNPs (B)
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The germination percentage, shoot length, root length,
seedlings length, and Root- Shoot Ratio of Sorghum
bicolor seeds (Enkath and Rabeh varieties) were achieved
in vitro for determination the influence of the licorice
extract and the biosynthesized ZnNPs from licorice on the
growth of S. bicolor seeds as in Table 1 and Figures 5 and
6. The germination percentage of Enkath seeds recorded
germination percentage of 100%, while Rabeh showed
85% and 96% for the concentrations of extracts 25% and
50% respectively. The extract of 100%, and all
concentrations of ZnNPs showed a percentage of seeds
germination reached 100% as seen in Figure 5.

Table 1 Properties of Sorghum bicolor seeds growth in vitro
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u 5, bicolor Rabeh
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Licorice Extract-ZnNPs

u 5. bicolor Enkath
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Dw Licorice Extract

Figure 5 Percentages of Germination of Sorghum bicolor seeds

Rabeh variety significantly (p<0.05) recorded a high

root length of 10.80 mm by using the extract of 50%
compared to DW (Control) (9.06 mm), as shown in Table
1 and Figure 6. While the concentrations of 50% and 75%
of ZnNPs led to root lengths reaching 3.14 mm and 5.10
mm respectively. Enkath showed a root length of 10.32
mm on DW followed by the extract of 25% (9.82 mm),
while the shorter root was 5.18 mm on the 75% ZnNPs.
Generally, shoot length was 5.43 mm by the extract of
50% while the ZnNPs (50%) decreased shoot length to
3.86 mm compared to 4.14 mm by DW. Rabeh recorded a
more significant shoot length of 6.32 mm by the extract of
50% significantly (p<0.05) compared with 4.58 mm by
DW, while the ZnNPs of 25% led to a shoot length of 3.74
mm.
In general, ZnNPs led to a decrease in the seedling length and
root-shoot ratio of Sorghum bicolor plant in vitro compared with
the licorice extract alone as in Figure 6. Sorghum bicolor Rabeh
showed the best seedlings length in comparison with S. bicolor
Enkath. Seedlings length of S. bicolor Rabeh has a more
significant value 17.12 mm by the extract of 50% compared with
13.64 mm by DW, whereas the ZnNPs of 75% decreased the
length of seedlings to 7.74 mm. S. bicolor Enkath recorded bigger
seedlings length of 14.34 mm by the extract of 25% compared to
14.02 mm by DW, whereas ZnNPs of 50% decreased the length of
seedlings to 9.62 mm. Generally, the Root-shoot ratio was 0.88 by
ZnNPs (75%) but reached 2.03 by the extract (25%) as in Table 1.
Hence, Figure 6 showed the increase in hairy roots in the higher
concentrations of ZnNPs compared with the case of using licorice
extract alone because of the increase of absorption mechanism in
the hairy roots (Ghodake et al., 2010).

Features Germination of seeds (%) | root length (mm) shoot length (mm) seedlings length (mm) Root- Shoot Ratio

Treatments | Enkath | Rabeh | Mean Enkath | Rabeh | Mean Enkath | Rabeh | Mean Enkath | Rabeh | Mean Enkath | Rabeh | Mean
DwW 1 100a 96b 98b 10.32a | 9.06b |9.69a 3.70d |4.58c |4.14cd 14.02b | 13.64b | 13.83b 2.90a 2.00bcd | 2.45a
E25%2 100a [85c |92.5c [9.82ab |9.02b |9.42a 452c | 4.96¢h | 4.74b 14.34b | 13.98b |14.16b 2.20bc |1.86cd |2.03b
E50%3 100a [ 96b | 98b 9.00b |10.80a | 9.90a 454c |6.32a |5.43a 13.54b | 17.12a |15.33a 2.02bcd | 1.74cd | 1.88b
E75%4 100a 100a | 100a 6.76dc | 7.52c |7.14b 3.66d |4.62c |4.14cd 10.42de | 12.14c | 11.28¢c 1.86cd | 1.64d 1.75bc
N25%5 100a |100a |100a 6.02de | 7.10dc | 6.56bc 5.42b |3.74d |4.58bc 11.44cd | 10.84de | 11.14c 1.12e | 1.94bcd | 1.53c
N50%6 100a 100a | 100a 6.74dc | 5.10e |5.92c 2.88e | 4.84bc | 3.86d 9.62e 9.94e 9.78d 2.40b 1.04e 1.72bc
N75%7 100a [ 96b | 98b 5.18e |3.14f |4.16d 4.76bc | 4.60c | 4.68bc 9.94e | 7.74f |8.84e 1.08e |0.68e |0.88d
Means 100A |96.1B | 98.07+0 | 7.69A | 7.39A | 7.54+0.81 | 4.21B | 4.80A |4.51+0.56 | 11.90A | 12.20A | 12.05+0.89 [ 1.94A |1.55B |1.74+0.35

Legend: Mean +MSE (Mean Standard Error). The different small letters (a, b, c, etc.) show significant values (p<0.05) among each column,
while the capital letters (A, B) exhibit a significant value (p<0.05) between means of Rabeh and Enkath in the row for each feature.
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Figure 6. Planting Sorghum bicolor seeds (A) Enkath and (B)
Rabeh in vitro
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Table 2 exhibited significant (p<0.01) negative
correlation (-0.846) between shoot length and seedling
length, while the positive correlation (0.312) was recorded
between root length and germination of Sorghum bicolor
seeds. The higher results of the indexes of seedlings in
sorghum in the case using licorice extract possibly return
to the significant bioactivity of licorice related with
glycyrrhizin (Fenwick et al., 1990; Karkanis et al., 2018).
The results of the current study agree with the results of
recent works (Burman et al., 2013; Raskar and Laware,
2014; Zafar et al., 2016; Raigond et al., 2017).

The lower concentrations of zinc oxide nanoparticles
(ZnONPs) increased Seed germination of onion (Raskar
and Laware, 2014). The variety of Enkath was best than
Rabeh in some features that related to genotypic
characteristics of Enkath variety and agreed with leaf area
less than Rabeh but with high weight (Wuhaib et al.,
2017). The lower concentrations of ZnNPs exhibited a
significant increase in seed germination features of
Macrotyloma uniflorum compared with the higher
concentration (Gokak and Taranath, 2015). Also, ZnNPs
had adverse effects on the indexes of seedlings in wheat
(Taran et al., 2017). The lower results of seedling in
sorghum in the case of using ZnNPs may be related to
ZnONPs exerting adverse effects on length of root
(Burman et al., 2013). The sorter seedling may have higher
biomass in order to the harmful effects of ZnNPs in
comparison with the extract alone in the high concentration
(Burman et al., 2013). In the case of use of ZnNPs, the
higher activity of antioxidative enzymes stabilized the
content of photosynthetic pigments and increased relative
water content in leaves (Taran et al., 2017).

Table 2 Correlation of properties of Sorghum bicolor Planting

Root  Shoot Root- Shoot  Seedlings Germination
length  length Ratio length of seeds

Root length  1.000

Shoot 0.000 1.000

length

Root- Shoot  0.000  0.000 1.000

Ratio

Seedlings -0.066 -0.846**  -0.062 1.000

length

Germination 0.312 -0.074 0.005 0.084 1.000

of seeds

4. Conclusion

This work aims to biosynthesize zinc nanoparticles
(ZnNPs) from licorice (Glycyrrhiza glabra) root extract
and to apply that on seeds germination of two Sorghum
bicolor varieties, (Enkath and Rabeh). The AFM of the
biosynthesized ZnNPs reached an average of 68.69 nm.
The FTIR confirmed finding —CH group which refers to
finding compounds —CH; and —CH, in monosaccharides,
disaccharides, polysaccharides and mono acidic
saccharides. The exposure to ZnNPs showed remarkable
effects on seed germination and other growth parameters
of sorghum seedlings. The low concentration of 25% of
ZnNPs exhibited the best shoot length compared with the
high concentrations (50% and 75%). The two
concentrations of 50% and 75% exhibited the presence of
hairy roots in order to the smallness of roots. Thus, the
low concentration (25%) of ZnNPs can be used as a
material for S. bicolor seed priming in the field with low
toxicity on this plant. The results of this work are essential
to determine the compatibility of ZnNPs in agricultural
applications in cereals enhancement and food production.
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Abstract

People have used plants as medications since the beginning of history. With the advancement in science, people headed
more towards using synthetic drugs. However, with the rise of problems like the toxic side effects of these drugs as in the
case of chemotherapy, and the origin of drug resistant bacteria, the need has come for developing new drugs. The safest
source of developing new drugs is natural products from plants. In this study, antimicrobial and anticancer activity of radish
sprouts extracts was tested. Radish seeds were planted and watered until they sprouted. Sprouts were then dried and grinded.
Radish sprouts were soaked in three different solvents, (100% water, 100% ethanol, and 80% ethanol) for three hours with
sonication, and then solvents were evaporated using rotary evaporator at 40 C°. Radish sprouts extracts were then tested for
anticancer activity against MCF7 and HT29 cancer cells. Their antimicrobial activity for different types of positive and
negative gram bacteria (E. coli, S. pneumonia, and S. aureus) was also tested using disk-diffusion method. Results showed
that radish sprouts have anticancer activity against HT29 and MCF7. The most drastic effect was observed for radish sprouts
extracted with 100% ethanol against MCF7 cells where 62% of cells were found dead compared to the control. No

antimicrobial activity was observed for the radish sprouts extracts.

Keywords: Anticancer activity, Antimicrobial activity, Radish Sprouts

1. Introduction

Using plants as medicine has been known since ancient
ages. Recently, there has been an increased interest in
finding therapy for many diseases using natural products;
especially the ones derived from plants. Medicinal
activities of plants come from their secondary metabolites
which include tannins, terpenoids, coumarins, alkaloids
and flavonoids (Khamees, 2017). These secondary
metabolites could be specifically useful for antimicrobial
and antioxidant activity. In recent years, research has been
focusing on sprouts and their therapeutic benefits. Sprouts
have high nutritional value, and many possible health
benefits. For example, mung beans sprouts are used
especially in East Asian countries like China, since they
have been known for their detoxification activities and are
widely used to refresh mentality, ease heat stroke, and
reduce swelling in the summer. They also regulate
gastrointestinal upset and lipid metabolism (Tang et al.,
2014). Also, broccoli sprouts have shown chemoprotective
effects, and they can reduce cholesterol or lipid levels.
They also have a powerful preventative effect against
Helicobacter pylori infections. In addition, broccoli

“ Corresponding author e-mail: gmazideh@ttu.edu.jo.

sprouts can possibly improve insulin resistance in type 1l
diabetes (Pasko et al., 2018).

Radish is a member of the cruciferous family.
Nutritional value of radish sprouts is attributed to the
presence of many essential minerals and vitamins,
carbohydrates, high content of fiber, and low content of
fat. Radish is typically used in traditional medicine as a
treatment for many infectious diseases. This made studying
its antimicrobial activity of great interest to researchers
(Jeries et al.,, 2016). Researchers who studied radish
sprouts have found that they contain alkaloids, flavonoids,
saponins, anthraquinons, tannins, steroids, and terpenoids
(Angel et al., 2019). This gave them strong antioxidant
ability, as these compounds can act as radical scavengers
for free radicals, which can sometimes cause cancer. It was
also found that radish seeds have important antimicrobial
activity against most of the tested microorganisms, most
importantly E. coli, S.aureas and P.aerugenosa, with high
zone of inhibition (Khamees, 2017).

Most of medicinal benefits of plants are a result of their
production of secondary metabolites. Secondary
metabolites are chemicals that are not required for the
immediate survival of the plant, but they allow the plant to
cope with its environment. For example, they are produced

* List of abbreviations: MCF7: breast cancer cell line isolated in 1970 from a 69-year-old Caucasian woman. MCF-7 is the acronym of
Michigan Cancer Foundation-7.HT29: human colon cancer cell line used extensively in biological and cancer research. PDA: Photodiode
Array detector. MIC: Minimum Inhibitory Concentration. DMSO: Dimethyl sulfoxide
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in response to pathogen attacks, herbivore induced
damage, or nutrient deficiency. Secondary metabolites can
be unique to specific species or genera, depending on the
environment in  which the plant grows and the
environmental challenges it faces (Kennedy and Emma,
2011). Secondary metabolites are usually classified based
on their biosynthetic pathways into alkaloids, terpenoids,
and phenolics (Tiwari and Rana, 2015). Phenolics are
widely spread in plants and include flavonoids, tannins,
coumarins, quinones and anthocyanins (Shaik et al., 2011).

An antioxidant is a molecule that is capable of
neutralizing a free radical by donating an electron to it,
which reduces the free radical capacity to damage. Free
radicals can be Oxygen derived (ROS) or Nitrogen derived
(RNS). Free radicals are normally produced as a result of
normal cellular metabolism such as respiratory chain
reactions in the mitochondria (Birben et al., 2012). When
ROS concentrations are at high level, oxidative stress is
generated, which can result in damage to cell structures.
Oxidative stress is a major cause of the development of
chronic and degenerative diseases such as cancer, arthritis,
aging, autoimmune disorders, cardiovascular and
neurodegenerative diseases. Antioxidants production is one
of the mechanisms that the body uses in order to counteract
oxidative stress. Antioxidants are either naturally produced
inside the body or provided externally through foods or
supplements. Antioxidants support immune defenses and
decrease the risk of cancer and degenerative diseases by
acting as “free radical scavengers” that can prevent and
repair damages caused by free radicals (Pham-Huy et al.,
2008).

Cancer is a widespread disease that causes the death of
thousands of people every year. Unfortunately, there is no
ultimate cure to treat cancer so far. One of the most used
treatments is chemotherapy, where chemical anticancer
drugs are used to target dividing cells. However,
chemotherapy cannot differentiate between cancer cells
and normal cells. This creates serious side effects for
patients receiving this treatment. These side effects include
fatigue, hair loss, easy bruising and bleeding, anemia,
appetite changes, nausea and vomiting, and much more.
That is why there has been increasing research trying to
find a natural alternative to chemotherapy (Vichaya et al.,
2015).

Antibiotic resistance is currently another serious
problem. Many types of bacteria, whether they were gram
negative or gram positive, are now developing resistance to
the known and commonly used antibiotics and can grow
despite the presence of the drug. This might cause the
spreading of dangerous diseases without any possible cure.
Thus, new natural antibiotics need to be developed (Zaman
etal., 2017).

Plants have been used in therapy since ancient ages,
and they can be the solution to all previously mentioned
problems by using the different anticancer and
antimicrobial products found naturally in plants. Many
plants are known to exhibit antioxidant activity, and
consuming them reduces the risk of free radicals. Also,
plants that possess anticancer activity can be a safer
replacement for chemotherapy with fewer side effects
(Khamees, 2017; Tang et al., 2014). As for antimicrobial
resistance, many plants have antibacterial activity and can
be used in the synthesis of new antibiotics (Zaman et al.,
2017). In this study, anticancer activity for radish sprouts

extract on colon cancer and breast cancer cell line will be
tested; in addition, their antimicrobial activity will be
tested on some types of both positive and negative grams
bacteria.

2. Materials and Methods

2.1. Study design:

Radish seeds were sprouted for 3-4 weeks, then sprouts
were collected, dried in shade, and extracted with
water/methanol solvent, then the crude extract was
obtained after evaporation of the solvent. The crude extract
was then analyzed by HPLC and then its activity against
bacteria and cancer was tested.

2.2. Sprouting

Radish seeds were purchased from the local market.
The seeds were planted on cotton soaked with water and
were put in an area with access to sun and air. Seeds were
watered every two days until they became sprouts (around
5 cm tall), Figure 1. This process took approximately 3-4
weeks. After that, sprouts were collected and dried in the
shade, since UV light from the sun can lead to the loss of
active compounds that are present in sprouts.

3 PN »

Figure 1. Sprouting process. (a) radish seeds- day 1. (b) radish
seeds- day 3. (c) radish seeds- day 7. (d) radish sprouts ready to be
collected- day 25.

2.3. Extraction

The dried sprouts were grinded and turned into
powder. Five grams of the dried sprouts powder was added
separately to 50 ml of three extraction solvents which are
100% water, 80% ethanol, and 100% ethanol. These
solvents were then put in a water bath at 37 -C and waited
for three hours with sonication. The extracts were then
filtered. The filtrate was evaporated using rotary
evaporator at 40 °C and reduced pressure. The resulting
crude extract viscous extracts were stored at 4 C.

2.4. HPLC conditions

The HPLC analysis of the extracts was run on ODS
column of Waters (XBridge, 4.6 ID x 150 mm, 5 pm). The
mobile phase used is a mixture of acetic acid in water
(0.5%) (solvent A) and acetonitrile (solvent B) run in a
linear gradient mode. 100% (solvent A) descended to 70%
(solvent A) in 40 minutes, then to 40% (solvent A) in 20
minutes and finally to 10% (solvent A) in 2 minutes and
stayed there for 6 minutes and then back to the initial
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conditions in 2 minutes. The HPLC system was
equilibrated for 7 minutes with the initial acidic water
mobile phase (solvent A) before injecting the next sample.
All the samples were filtered with a 0.45 um PTFE filter.
The PDA wavelengths range was from 210-500 nm. The
flow rate was 1 ml/min. Injection volume was 20 pl and
the column temperature were set at 25-C.

2.5. Antimicrobial Activity Testing

In order to test the antimicrobial activity of radish
sprouts extracts, disk diffusion method was used. E. coli, a
gram negative bacteria and S. pneumonia and S. aureus,
which are gram positive bacteria were streaked on
Mueller-Hinton agar plates using cotton swaps. After that,
sterilized blank disks were dipped in the crude extracts for
five minutes, and were then put on the plates using aseptic
techniques. Also, antibiotic disks of novobiocin, penicillin,
gentamycin, cefepime, and aztreonam were placed on the
plates in order to compare the zone of inhibition of these
antibiotics and the different sprouts extracts. Plates were
then incubated for 24h at 37 °C before measuring the zone
of inhibition (MIC) on these plates.

2.6. Anticancer Activity Testing

Radish sprouts extracts were tested for anticancer
activity on HT29 colon cancer cells, and MCF7 breast
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RPMI media and incubated for 24h before treatment with
radish sprouts extracts. After that, 100 pl of the radish
sprouts extracts were diluted with DMSO and added
separately in four different concentrations 50 pg/ml,
100ug/ml, 300ug/ml, 500ug/ml and 1000ug/ml. Cells
were then incubated for 24h, and 48h after treatment.

3. Results and Discussion

3.1. HPLC-PDA profiles of the extracts

HPLC chromatogram at 350nm and 280nm of crude
radish extracts was analyzed; it indicated the presence of
polar and non-polar phenolic compounds. Crude radish
extracts spectrum showed a maximum absorption at 350nm
for the major seven peaks. The eluted compounds were
detected in the range of 9-26 minutes; indicating polar and
non-polar combination (Fig 2a). At 280nm, new peaks
eluted at 5-7 minutes appeared, indicating the presence of
polar compounds (Fig 3a). The UV-Vis ranges of these
compounds were applied in the range of 220-360nm
indicating flavonoids and phenolic compounds abundance
(Al-Rimawi et al., 2017; Al-Zereini et al., 2018; Al-
Rimawi et al., 2018) (Fig 2b, 3b). Radish sprouts contain
polar and non-polar compounds that could possibly possess
antimicrobial and anticancer activity.
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Figure 2. HPLC-PDA chromatogram of radish sprouts extracts at 350 nm (2a), and overlaid UV-Vis spectra at 350nm (2b).
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Figure 3. HPLC-PDA chromatogram of radish sprouts extracts at 280 nm (3a), and overlaid UV-Vis spectra at 350nm (3b).

3.2. Antimicrobial Activity
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In order to test the antimicrobial activity of radish
sprouts extracts, disk diffusion method was used. Radish
sprouts extracts illustrated no antimicrobial activity for any
of the tested bacteria. S. pneumonia exhibited no zone of
inhibition of any of the tested antibiotics, nor for radish
extracts. S. aureus also demonstrated no zone of inhibition
for any of the tested antibiotics and for radish extracts as
well. E. coli showed a zone of inhibition for the antibiotics
aztreonam and cefepime, but not for novobiocin; however,
no zone of inhibition was detected for radish extracts. This
indicates that radish sprouts extracts have no antimicrobial
activity for any of the tested bacteria. This could possibly
be due to the extraction method. Other extraction methods
of radish sprouts could give antimicrobial activities as
previous studies found that red and white radish seeds have
antimicrobial activity against E. coli, S. aureas with a zone
of inhibition ranging between 18mm and 34.2mm
(Khamees, 2017).

3.3. Anticancer activity

Anticancer activity of radish sprouts extracts was
assessed for HT29 colon cancer cells and MCF7 breast
cancer cells. Radish sprouts exhibited anticancer activity
against HT29 and MCF7 cells at the higher extract’s
concentrations. For HT29 cells, radish sprouts extract after
24h showed no effect at 100 pg/ml for any of the solvents
(Fig 4d, 4g, 4j). Radish extracted with water demonstrated
a change in cell morphology and cell number as there were
some few dead cells at 500 pg, and 1000 pg (Fig 4e, 4f).
Ethanol 100% extracts at 1000 pg resulted in change in
cell morphology, and lowering the density of cells with the
presence of few dead cells (Fig 4i). Radish extracts with
80% ethanol resulted in lowering the cells density at 500
pg/ml (Fig 4k), cell density was even lower at 1000 pg
with the presence of few dead cells (Fig 4). Radish sprouts
exhibit an anticancer activity for HT29 colon cancer cells

especially when extracted with water.

Figure 4. Anticancer activity of radish sprouts extracts against HT29 colon cancer cells. HT29 colon cancer cells cultured were on RPMI
media and incubated for 24h at 37 C°. (a) Cells untreated. (b) DMSO control. (c) Ethanol control. (d) water radish extracts 100 pg/ml (e)
water radish extract 500 pg/ml. (f) water radish extract 1000 pg/ml. (g) 100% ethanol radish extract 100 pg/ml. (e) 100% ethanol radish
extract 500 pg/ml. (i) 100% ethanol radish extract 1000 pg/ml. (j) 80% ethanol radish extract 100 pg/ml. (k) 80% ethanol radish extract 500

ua/ml. (1) 80% ethanol radish extract 1000 pg/ml.

When anticancer activity of radish sprouts extracts was
tested against MCF7 cells, it showed the presence of dead
and floating cells at high extracts concentrations. After 24h
of MCF7 cancer cells incubation and treatment with radish
sprouts extracts, extracts in water resulted in a change in
cell morphology, and lowering cell density with presence
of floating cells at a concentration of 300 pg/ml. At 500
pg/ml, the effect was more drastic as most cells were
round and floating. Yet, there was no effect for the extract
at low concentrations of 50 pg/ml and 100 pg/ml (Fig 5).
Radish extracts in 100% ethanol also showed no effect at

50 pg/ml, but there were very few floating cells at 100
pg/ml. At 300 pg/ml, there were more floating cells. At
500 pg/ml, most cells were floating and cells density
became less, and less cells numbers were present as a
result of cells death (Fig 6). The effect of 80% ethanol
radish extracts was less than that of 100% ethanol at 300
pg/ml and 500 pg/ml, and no effect was observed at 100
pg/ml and 50 pg/ml (Fig 7). Radish sprouts possess a
strong anticancer activity against MCF7 breast cancer
cells.
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Figure 5. Anticancer activity of radish sprouts water extracts against MCF7 breast ;:ancer cells after 24h of incubation. MCF7 breast cancer
cells were cultured on RPMI media and incubated for 24h at 37 C°. (a) control. (b) water radish extracts 50 pg/ml. (c) water radish extract
100 pg/ml. (d) water radish extract 300 pg/ml. (e) water radish extract 500 pg/ml.
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Figure 6. Anticancer activity of radish sprouts absolute ethanol extracts against MCF7 breast cancer cells after 24h of incubation. MCF7

breast cancer cells were cultured on RPMI media and incubated for 24h at 37 C°. (a) control. (b) 100% ethanol radish extract 50 pg/ml. (c)
anol radish extract 100 pg/ml. (d) 100% ethanol radish extract 300 pg/ml. (e) 100%

ethanol radish extract 500 pg/ml.
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Figure 7. Anticancer activity of radish sprouts 80% ethanol extracts against MCF7 breast cancer cells after 24h of incubation. MCF7 breast
cancer cells were cultured on RPMI media and incubated for 24h at 37 C°. (a) control. (b) 80% ethanol radish extract 50 pg/ml. (c) 80%
ethanol radish extract 100 pg/ml. (d) 80% ethanol radish extract 300 pg/ml. (e) 80% ethanol radish extract 500 pg/ml.

In order to further examine anticancer activity of radish effect of the extracts was spotted. Water extracts still
sprouts extracts, MCF 7 cells were incubated for 48h after showed no effect at 50 pg/ml, but few floated cells were
treatment with the extracts. Upon doing that, stronger observed at 100 pg/ml. A much stronger effect was
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observed at 300 pg/ml, and 500 pg/ml where cell count
was noticeably lower than control, and existing cells were
round and floating, and cell density was less, which
indicates cell death (Fig 8). Cells treated with 100%
ethanol showed no effect at 50 pg/ml and 100 pg/ml;
however, at concentrations of 300 pg/ml and 500 pg/ml,
radish sprouts extracts displayed the severest effect of all
extracts, where most cells were dead (Fig 9), and cell death
percentage was approximately 62% (Fig 11). 80% ethanol
extracts also showed no effect at 50 pg/ml and 100 pg/ml.
There was a slight effect at 300 pg/ml and 500 pg/ml and a
presence of few floating and few dead cells (Fig 10).
Radish sprouts extracted with ethanol have a strong
anticancer potential for breast cancer as they resulted in the
death of more than half of MCF7 cells cultured on the
plate.

Total cell count %104

Radish sprouts extracts showed stronger anticancer
activity for MCF7 breast cancer cells compared to HT29
colon cancer cells. This might be due to the presence of
more targets of the active ingredients extracted from radish
sprouts in MCF7 cells than the targets present in HT29
cells.

Radish sprouts extracted with 100% ethanol showed
stronger anticancer activity compared to sprouts extracted
with other solvents (water and 80% ethanol). The reason
for this might be that ethanol is able to extract a variety of
polar and non-polar phenolic compounds present in radish
sprouts compared to other solvents. HPLC results
confirmed the presence of polar and non-polar compounds
in radish sprouts extracts. These polar and non-polar
compounds were probably the most efficient in targeting
MCF7 and HT29 cancer cell lines.

Figure 8. Anticancer activity of radish sprouts water extracts against MCF7 breast cancer cells after 48h of incubation. I. MCF7 breast
cancer cells were cultured on RPMI media and incubated for 48h at 37 C° after extracts treatment. (a) control. (b) water radish extract 50
pg/ml. (c) water radish extract 100 pg/ml. (d) water radish extract 300 pg/ml. (e) water radish extract 500 pg/ml. II. Total cell count after

treatment with water radish sprouts extracts for 48h.
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Figure 9. Anticancer activity of absolute ethanol extracts against MCF7 breast cancer cells after 48h of incubation. I. MCF7 breast cancer
cells were cultured on RPMI media and incubated for 48h at 37 C° after extracts treatment. (a) control. (b) 100% ethanol radish extract 50
ug/ml. (c) 100% ethanol radish extract 100 pg/ml. (d) 100% ethanol radish extract 300 pg/ml. (€) 100% ethanol radish extract 500 pg/ml. 1I.
Total cell count after treatment with 100% ethanol radish sprouts extracts for 48h.
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Figure 10. Anticancer activity of radish sprouts 80% ethanol extracts against MCF7 breast cancer cells after 48h of incubation. I. MCF7
breast cancer cells were cultured on RPMI media and incubated for 48h at 37 C° after extracts treatment. (a) control. (b) 80% ethanol radish
extract 50 pg/ml. (c) 80% ethanol radish extract 100 pg/ml. (d) 80% ethanol radish extract 300 pug/ml. (e) 80% ethanol radish extract 500
uag/ml. 11. Total cell count after treatment with 80% ethanol radish sprouts extracts for 48h.
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Figure 11. Percentage of MCF7 dead cells after 48h of being treated with different concentrations of radish sprouts extracts of water, 100%

ethanol, and 80% ethanol.

4. Conclusion

Radish sprouts have anticancer activity against MCF7
breast- and of HT29 colon-cancer cell lines, especially
when extracted with ethanol. Radish sprouts extracts
exhibited stronger anticancer activity against MCF7 breast
cancer cells than that of HT29 colon cancer cells. Ethanol
extracts showed the fiercest effect against MCF7 cells, as
62% of cells were found dead after 48h of incubation.
Radish sprouts have negative antibacterial activity against
E. coli, S. aureas and S. pneumonia. In conclusion, radish
sprouts extracts can be a possible target for developing
anticancer drugs, especially for breast cancer.
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