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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).
0.3
0.25
02
0.15
0.1

0.05

Amount of methane (Nm3¥/KgVs)

Chemical Chemical
(NaOH) Ca(OH)2
Type of pre-treatment

Bio-thermal ~ Untreated feather

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; taba 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.
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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 500C
ISSR-3 (GA)8T 550C
ISSR-4 (CT)8G 520C
ISSR-5 (CA)6ACAG 46°C
ISSR-6 BDB(TCC)5 48C
HB12 (CAC)3GC 52°C
844A 5'(CT)8GC 3' 480C
844B 5 (CT)7A3 48°C
17889A (CA)6 AC 52°C
17889B (CA)6 GT 41°C
17898BS5 (CA)GA 43C
HBS11 (GT)6 CC 440C

*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’ s50C
Reverse 5’-TCAGCGTGACAAACAATAAAGG-3’

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

Forward 5’ACCTACAGTTCAATAGCTAGTACC-3’
Bmag210 540C
Reverse 5-GCACAAAACGATTACATCATA-3’

Forward 5’-CAAGCCAACAGGGTAGTC-3’
Bmag149 550C
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 550C
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.
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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+ + + - + + - - -
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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.

™ < [Te) ~
132 ™ (3] <
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™ < o © 3 3 3 s
y— — y— y— — ™ < 7o) < < < <
4 [ QL QL [=2) @ 2 2 2 2
= = = = IS 2 > =4 ] ] ] S
2 2 2 2 S < s £ £ £ £ =
5 g g g @ 3 S 2 = G = =
m m m m o o)) o =]
£ £ £ &
<) <) <) S
n n n n
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

076 08 08 08 0% 0% 1
Nei & Li's Coefficient
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 inCucumis
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

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.

Keywords: Biskra oases,date palm,genetic diversity, relationship.

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.
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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


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4792857/#bb0040

444

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| Mecht Righ 7 /" 1 133[135| / | / |130|130|175|175|213|227 | 299 301|193 | 195
DGuel Oued
18] oo Righ 7 1 1 121 (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 Bl%gﬁ: Oued Righ|  // 1 / 250|254 | 140 | 155 | / | / |134|152| 171|177 | 141150
18 | DGuel Sahra|Oued Righ| 7/ /" 7 252 | 256 | 122 | 140 | 192 | 197 | 117 | 136 | 169 | 171 | 141 | 148
19 Elng' Oued Righ| amber | straight soft 250 | 274 | 122 | 140 | 195 | 209 | 117 | 146 | 171 | 177 | 141 | 166
20| DCuel Biskia | mber | straight | semi-dry | 250 | 269 | 140 | 140 | 197 | 197 | 136 | 152 | 177 | 179 | 141 | 141
Litima 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
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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 pg/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° pL™), platelets (39.48 x 10° pL™) and haemoglobin (4.24 g dL). However,
increases in leucocytes (49.55 x 10° pL™) 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™) 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.
102
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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™), platelets (39.48 x 10° uL™)
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° pL) 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.

100 *— - e
20 T‘::b
80
70 E S
(=18
50
40
30
20
10
[a]

Survival rate {%)

—— G CG2 CG3

24 48 o 96

Hour after challenge

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 TG5
Erythrocyte 0 12.09+0.030° 12.13+0.03° 12.28+0.02° 13.41+ 0.166 13.28+0.0541°
(10°uL?) 24 12.1740.018 22.2240.19° 22.42+0.03® 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° 137.94+0.664° 148.3540.270° 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
48 138.06+0.3781°  ,46.53+0.86° +45.84+0.031° 148.79+0.042° 349.55+0.33"
PLT 0 140.84+0.014°  ;40.83+0.045 141.33+0.335% 142.83+0.110° 141.76+0.020°
(10*uLY) 24 140.83+0.037° 239.15+0.282% 1241.8440.054° 142.74%0.063" 242.67+0.013*
48 140.75+0.029°  ,39.48+0.384% 2341.53+0.280°  142.91+0.023° 242.38+0.247°
Hb 0 15.79+0.02° 15.72+0.07% 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° +4.24+0.08° +4.68+0.03° 16.76+0.011° 16.56+0.028°
Lymphocyte 0 133.15£0.013°  ,33.04+0.04° 133.1040.07° 143.16% 0.056" 143.63+0.26°
(10°uL?) 24 133.15+0.017°  ,43.80+0.66" 244.47+0.24° 143.53+0.065" ,49.00+0.01°
48 233.24+0.031*  ,43.19+0.60" +48.1740.30° 143.56+0.008" 249.32+0.28°
Monocyte 0 11.0540.017° 11.08+0.015° 11.20+0.034° 11.24+0.035" 11.17+0.03°
(10°uL?) 24 11.03+0.0006°  ;1.18+0.017° 11.08+0.012° 11.370.037° 11.44+0.23
48 11.03+0.0009°  ;1.17+0.005 11.14+0.052° 11.47+0.018" 11.210.02°
Granulocyte 0 11.0420.006° 11.050.068" 11.0320.005% 12.2140.147° 12.4420.021°
(10°uL?) 24 ,1.03£0.001 22.71+0.095" 22.78+0.031° 22.10+0.063" ,1.8640.088°
48 51.0240.0009°  52.84+0.062° 32.910.014° 32.31+0.056" 51.80+0.025°

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.
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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

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

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.

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
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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 pg/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..

500



496 © 2020 Jordan Journal of Biological Sciences. All rights reserved - Volume 13, Number 4

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).
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Figure 4. Particle size Analysis: Statistical distribution

Results
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Zota Potential (mv): -29.1 Poak 1: .29.1 100.0 558
Zeta Deviatlon (mV): 558 Peak 2: 0.00 0.0 0.00
Conductivity (mS'em): 0,110 Peak 3: 0.00 0.0 0.00
Result quality :
Zata Potential Destrbution
BT - << < =St mo el
3
B 2000001 - ceoeoees
= 1
0000 -+ - - - -
200 100 U 100 200
Zota Potential (m)
[ Fecord 60: sample 1 (savita kate) 1]

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
26 = 32.20°% according to Scherrer’s formula,
D,=0.94Mp1,,.CosB, 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 (8) 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,=0.94Mp1,,.CosB(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
800ug/ml and for E.coli was 300 ug/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 ug/mifor 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 um (F. margarita and X
Citrofortunella floridana) to 34.48 um in C. grandis.
Moreover, the mean equatorial diameter ranged from 26
pm (F. margarita and X Citrofortunella floridana) to
33.44 ym 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/IE 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 —

Taxa | Common name Meso. D. Ora L. Ora W. Amb Sh. Ex. Th. Ex.Or.
C. aurantifolia (Christm.) Swing.  Mexican lime 238 -12.80 ;gg -240 ;52 - 880 2 240 4
C. aurantium L. Sour orange ggg -12.00 ggg -4.00 ggg -8.80 2 270 3
C. grandis (L.) Osbeck Pummelo ?1022 13.60 ggg -4.00 ;;8 -8:80 1 240 1
C. latifolia Tanaka Tahiti lime ggg -12.00 g:gg -3.20 ;gg -880 240 4
C. limetta Risso Sweet lime 2132032 1840 ggg - 400 sgg -800 240 4
C. paradisi Macf. Marsh grapefruit (13(;1(5)4 15.20 ;gg -4.00 ggg -8.00 2 240 1
C. reshni Hort. ex Tanaka Cleopatra mandarin ggg -12.00 igg - 400 ;ig - 960 1 240 2
C. reticulata Blanco Clementine tangerine 2130020 12.80 ;gg -320 ggg 120, 240 2
C. sinensis (L.) Osbeck Succari orange (13;20 14.40 ggg -4.00 ;gg -8.00 1 240 1
Fortunella margarita (lour.) Swing. Oval Kumquat ggg -12.00 ggg - 400 ggg -720 3 240 3
X Citrofortunella floridana J. W. Limequat 8.00 - 12.80 2.40-3.20 5.60 - 7.20 1 240 3
Ingram & H. E. Moore 9.82 3.00 6.40

Poncirus trifoliata (L.) Raf. Trifoliate orange ?08(7)2 12.00 ggg -340 g?‘g -720 2 240 3
LSDo.s 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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3 i« RS ; ’ e
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

ARENRL T AL LY 2

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 um in both F. margarita and X
Citrofortunella floridana to a maximum of 31.80 ym in C.
grandis. Moreover, the mean mesocolpium diameter
varied from 9.36 ym in C. aurantium and C. latifolia to
12.72 pym 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 pym in F. margarita, X
Citrofortunella floridana and P. trifoliata; slightly wider
from 6.80 to 7.30 um in C. reticulata a, C. paradist, 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 ym 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 Milatovié, 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 LY in combination with a-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
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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
( 100 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
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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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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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