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T he hepatitis C virus (HCV) may be
a major blood borne pathogen of
human. There are approximately 120-130
million or 3% of the total world
population that are infected with HCV.
According to World Health Organization
(WHO), there are approximately three to
four million new cases of infection every
year (Mohd et al, 2013). HCV is
considered a major community health

issue, since the virus is the etiological
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reason of chronic hepatitis that recurrently
evolvement to a  cirrhosis  and
hepatocellular carcinoma (HCC) (Hauri et
al., 2004). Protein kinase RNA regulating
(PKR) is a double stranded RNA (ds-
RNA) stimulated protein kinase that
stimulate cellular apoptosis pathways
(Deb et al., 2001; Onuki et al., 2004).
PKR is present in cell as inactive form and
exchange to active state by very low
concentration of ds-RNAs. Most natural
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ds-RNA activators of PKR are created in
cell infected with virus as viral replication
or transcription products (Terada et al.,
2004; Garcia et al., 2006). PKR is an
integral part of mechanism of human
innate immune reaction, which is the cell's
first line of defense against viral infection
(Toroney et al., 2010). The molecular
mechanisms regulating function of PKR in
normally cells divided are basically
anonymous. PKR is associated with the
control of HCV replication (Gale and Foy,
2005). Particular viruses such as hepatitis
viruses progress several strategies to PKR
down-regulation and overawed the host
defense  mechanism  against  virus
replication (Yan et al., 2007). Many DNA
tumour  viruses  promote  cellular
revolution through inactivating the vital
tumor suppressor protein p53. In
dissimilarity, it is not known p53 function
is interrupted by HCV, unique, RNA virus
oncogene that is the foremost infectious
foundation of liver cancer in many world
regions (Mitchell et al., 2017). PKR is a
p53 object gene and shows a vital portion
in the tumor-suppressor purpose of p53.
Stimulation of p53 by geno-toxic stress
changes a significant level of PKR
expression, resulting in translational
inhibition and cell apoptosis. P53
stimulation convinced by DNA damage
assists cell apoptosis by stimulating PKR
(Agami and Bernards, 2000).

This study aim was to quantify
PKR and P53 genes expression in chronic
HCV infected patients and indicate the
vital significance of these genes in the

HCYV disease progression.
MATERIALS AND METHODS
Patients

This study was conducted on 50
cases that divided into two groups as
follows Group one (GI): included 30
patients with chronic HCV and positive
PCR collected from AL-Menoufya liver
institutes. Group two (GII): included 20
normal, completely healthy patients
considered as the control, they were
selected from outpatient clinics of internal
department, AL-Menoufya University
Hospital. All cases were collected in the

period from April to September 2019.

The inclusion criteria of all
patients' samples were HCV antibody
positive using a  second-generation
enzyme-linked immune-sorbent assay
(ELISA) and positive serum HCV RNA
by quantitative polymerase chain reaction
(PCR); not under medication and were
negative hepatitis B virus infection.
Beside investigations needed to fulfill the
selection criteria, all cases included in this

study were exposed to the following:
1. Full history and clinical examination

2. For complete blood cell count (CBC)
and molecular categorization of PKR and
P53 genes expression, whole blood
sample from each case were used.

3. Serum samples were separated; where
one was used for testing liver functions;
Alfa Feto-protein (AFP) level and
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hepatitis markers which were done using
COBAS INTEGRA 800 chemistry auto
analyzer (Roche Diagnostics Ltd., CH-
6343 Rotkreuz, Switzerland) and therefore
the emain aliquots serum sample were
stored at -80°C.

4. Quantification of PKR-RNA and P53-
RNA genes was finished using RT- PCR
supported SYPR GREEN after mRNA
extraction from blood fresh sample.
Quantification of mRNA was designed by
using the arithmetic formula: (27),
during which ACT is the difference
between the CT of a given objective
complementary DNA (cDNA) and an
endogenous reference cDNA. Thus, this
value yields the amount of the normalized
objective to an endogenous reference.

- ELISA for HBcAb and HBsAg was
finished for all cases to exclude the
presence of hepatitis B viral etiology of

liver disease.
Statistical analysis

Statistical analysis was completed
by means of the Statistical Package for the
Social Sciences (SPSS software version
25, Chicago, Illinois). The devices
recycled for statistical comparisons were
analyzed by the Student's t-test for
parametric data and Mann-Whitney test
for non-parametric data. Regression and
correlation were finished by spearman’s
coefficient method. Receiver Operating
Characteristic (ROC) curve was used for
detecting the cut off wvalue, Kappa
agreement to test the agreement. The cut-
off value for significance was at a P-value

less than 0.05.
RESULTS AND DISCUSSION

This study was conducted on the
samples from 50 patients who were
categorized into two groups. The age of
the studied testers ranged from 21-75
years with a mean age of 47.8+14.3. Sex
distribution in studied patients (GI) was 11
(36.7%) females and 19 (63.3%) males,
while in the control cases (GII) number of
females was six (30%) and number of
males was 14 (70%). No significant
difference was observed between the two
studied groups as regards the distribution

of age and sex.

There wasn't significant difference
between the two studied groups regards
the CBC results (Table 1), this approve
with (El-dahshan et al., 2018). But the
other parameters such as alkaline
phosphatase  (ALP); Gamma-glutamyl
transferase (GGT) and also AFP showed
highly significant difference between the
two groups (Table 2). This disagreed with
McPherson et al., (2011).This may due to
the difference in the HCV genotype while
they used samples collected from patients
infected with HCV genotype 1 and other
infected with HCV genotype 3. While
There is a highly significant difference in
levels of ALP in GI compared with G2 (P-
value less than 0.001), while the value of
ALP concentration in GI ranged from 34-
70 TU/L with mean £SD (52.4£9.15) but it
ranged from 25-45 TU/L with mean +SD
(31.6£6.05) in group II.

Furthermore a highly significant
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difference in GGT levels was observed in
GI compared with GII (P-value less
than 0.001), while the median value of
GGT concentration was 50IU/L with
Inter-Quartile range (IQR) of 45-75IU/L
in group I, but it was 31.5 [U/L with IQR
of 25-35 TU/L in group II.

The median value of serum level of
AFP was 3.0ng/ml with IQR of 2.20-
9.00 ng/ml in group I but it was 0.07 mg/dl
with IQR of 0.01-0.20 ng/ml in group II.

The liver functions show highly
significant difference in G1 compared
with G2 that was shown in Table (3). This
disagreed with El-dahshan et al., (2018),
who compared between 2 groups infected
with chronic HCV before treatment and
during follow up. The results before
treatment showed no significant difference
but the results during follow up showed
significant value for several parameters (p
value <0.001),
aminotransferase (ALT), but different

parameters

namely  Alanine

showed no  significant
difference such as Aspartate
aminotransferase (AST); total bilirubin (T
BIL), direct bilirubin (D BIL), albumin
(ALB) and AFP. In all HCV cases
compared with the controls, very highly
significant difference was observed in
levels of T BIL (p-value less than 0.001)
but ALB level show significant result (p

equal to 0.007).

A highly significant difference in
levels of ALT in group I was observed as
compared with group II (P-value less
than 0.001), while in group I the median
value of ALT concentration was 55.0 IU/L

with (IQR) of 45.0-65.0 IU/L, but it was
24.00 IU/L with IQR of 20.0-25.0 TU/L in
group II.

Moreover a highly significant
difference in median AST levels was
observed in Gl compared with G2 (P-
value less than 0.001),while the median
value of AST concentration was 55.0 [U/L
with IQR of 48.0-65.0 IU/L in GI, but it
was 23.00 IU/L with IQR of 20-25 IU/L in
GII (Table 3).

In group I, the median value of T
BIL was 1.15mg/dl with IQR of 1.0-
1.3 mg/dl, and it was 0.4 mg/dl with IQR
0f 0.3-0.55 mg/dl in group II.

Also a significant elevated level of
ALB in Gl as compared with G2 was
observed but not as in other liver
functions, in which the mean £SD of ALB
concentration in G1 was 3.544+0.73, while
in G2 mean £SD was 3.96+0.28.

No significant differences were
observed between the two studied patients
for p53 gene expression. This finding was
concordant to that found by Loguercio et
al., (2003).

No significant differences were
observed between the two studied groups
according to PKR gene expression (p
value 0.094) as that showed in Table (5).
This is in concordance with other study
(Chen et al., 2004).

When correlation occurred
between two markers and different
parameters in two groups, the
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values showed that ALB was high
significantly correlated with two
markers (PKR and P53) (p value
<0.001%).

There was a negative correlation
between PKR gene expression and P53
gene expression and other parameters
(Age, ALT, AST, BIL, AFP, PLT,
Hemoglobin Hb, GGT and ALP) (p value
>0.05) (Table 6), this finding agreed with
Mohamed et al., (2012). But this differs
from that the recent studies observed that
a positive correlation was found between
AST but not ALT and the degree of
inflammation in chronic hepatitis patients.
This difference is due to the degree of
inflammatory activity, while higher AST
level was related with higher grades
histology activity index (HAI) of HCV
related chronic hepatitis (Hung et al.,
2008).

The results revealed that the
significance of PKR wasn't detected in
chronic HCV patients. Others recounted a
significant increase after the HCC
progression indicating the involvement of
HCV in the process of hepato-
carcinogenesis (De-Mitri et al., 2007,
Koike 2007).

There was a negative relationship
between PKR gene expression for predict
cases and the control. ROC curve
appeared in Fig. (1).

Also there was a significant
negative correlation between P53 gene
expression for predict cases and the
control. ROC curve appeared in Fig. (2).

P53 considered critical in cell-cycle arrest
and apoptosis after DNA damage;
alterations in its function may accelerate
the progression from chronic liver disease
to HCC (Kumar et al., 2011). The
infection with HCV may cause the loss of
normal p53-mediated DNA damage
responses and may have relevance to HCC
origination in persons infected with
chronic HCV. But this was dependent on
the viral impact and also PKR expression,
this was agreement with Mitchell et al.,
(2017).

Though, there wasn't a
significantly PKR and p53 genes
expression in patients with chronic liver
disease and normal cases in this current
study. But Fig. (3) show highly sensitivity
for the two genes level.

Moreover, there was a sensitive
cut-off for PKR level which can be used in
exclusion of HCV patients into low risk
and high risk groups for progress of
tumour. Some authors support our
findings as they suggested that PKR was
not acting as a classical tumour suppressor
protein but a potential growth stimulus
(Hiasa et al., 2003).

Furthermore other studies revealed
that expression of PKR gene was lower in
HCC cases with HBV than in HCV
infection (Tamada et al., 2002). These
conclusions may reflect the difference in
viral effect on PKR gene expression and
recommend that PKR might have a
tumour promoting action in some cancer

cells.
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SUMMERY

PKR is a p53 target gene and acts
an imperative role in the tumor-suppressor
role of p53. Initiation of p53 by geno-
toxic tension prompts a significant level of
PKR  expression, that ensuing in
translational embarrassment and cell
apoptosis. The current study aims to
evaluate prognostic influence of PKR gene
expression in chronic HCV patients;
Correlate PKR and P53 gene expression to
liver function tests and also shows the role
of PKR in patients infected with HCV. We
concluded that PKR was established to be
an independent prognostic issue indicating
the vital biological significance of this
gene in the HCV disease process. In spite
of the restriction of this study related to
sample size, it paved the way for further
future studies using more samples. Further
investigations on a larger scale via well-
standardized performances and more
samples are recommended to validate
these results of ROC curve or define a
suitable one.
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Table (1): Comparison between the two studied groups according to CBC.

Patients (n = 30) Normal (n = 20) p
PLT(x10%)
120.0 — 460.0 160.0 — 340.0
Min. — Max. 0.211
Median (IQR) 222.50(190.0 — 320.0) 194.0(185.0 — 226.50)
Hb
Min. — Max. 9.90-16.0 10.40-16.0 0.338
Mean + SD. 13.41 +1.81 13.94 £ 1.95
TLC (x10%)
Min. — Max. 4.0-9.0 4.0-9.0 0.658
Mean + SD. 6.60 +1.59 6.40+1.50

P: p value for relating between the studied groups. PLT: platelets;

Hb: Hemoglobin; TLC: T lymphocyte cell.

Table (2): Comparison between the two studied groups according to different parameters.

Patients (n = 30) | Normal (n=20) | Test of Sig. P
ALP
Min. — Max. 34.0-70.0 25.0-45.0
Mean £ SD. 52.40+9.15 31.60  6.05 t=8.931° <0.001
. 30.0(26.50 —
Median (IQR) [50.0(45.0 —59.0) 34.50)
AFP
Min. — M 1.0-15.0 0.01-0.40
o U=0.0" <0.001"
Mean = SD. 4.91+4.08 0.10+0.11
Median (IQR) | 3.0(2.20-9.0) [0.07(0.01 —0.20)
GGT
Min. - M 35.0-194.0 20.0—45.0
o U=22.0" <0.001°
Mean + SD. 64.23 +£33.94 32.15+7.33
Median (IQR) [50.0(45.0 —75.0)p1.50(25.0 —35.0

t: Student t-test.

P; p value for relating between the studied groups.

U: Mann Whitney test.

*: Statistically significant at p < 0.05.
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Table (3): Comparison between the two studied groups according to liver functions.

Patients (n = 30) Normal (n = 20) P
Direct bilirubin
0.20-2.20 0.03-0.30 .
Min. — Max. <0.001
Median (IQR) 0.50(0.40 — 0.80) 0.10(0.10 - 0.20)
Total bilirubin
0.80-3.0 0.10—-0.90 .
Min. — Max. <0.001
Median (IQR) 1.15(1.0 - 1.30) 0.40(0.30 — 0.55)
ALB
Min. — Max. 2.10-4.90 3.50-4.40 0.007"
Mean + SD. 3.54+0.73 3.96+0.28
AST
] 35.0-90.0 16.0 —40.0 .
Min. — Max. <0.001
Median (IQR) 55.0(48.0 — 65.0) 23.0(20.0 — 25.0)
ALT
Min. — Max. 35.0-89.0 16.0 —34.0 <0.001"
Mean = SD. 57.07 £ 14.20 23.50+4.78

P: p value for relating between the studied groups;

*: Statistically significant at p < 0.05.

Table (4): Comparison between the two studied groups according to P53 gene.

P53 Patients (n = 30) Normal (n = 20) U p
Min. — Max. 0.13-1.87 0.05 - 5.66
Mean + SD. 0.59+0.46 1.11+1.29 217.0 0.100
Median (IQR) 0.44(0.22 - 0.81) 0.71(0.47 - 1.23)

U: Mann Whitney test.

P: p value for matching between the studied groups.
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Table (5): Comparison between the two studied groups according to PKR gene.
PKR Patients (n = 30) Normal (n = 20) U p
Min. — Max. 0.08 -2.14
Mean =+ SD. 0.66 £0.52 0.48 £0.56 215.50 | 0.094
Median (IQR) 0.56(0.25 - 1.0) 0.32(0.02 - 0.71)

U: Mann Whitney test.

P: p value for relating between the studied groups.

Table (6): Correlation between the two markers (PKR and P53) and different parameters in
patients (n= 30).

PKR P53
I p I P

Age (years) 0.288 0.123 0.334 0.071

PLT 0.077 0.685 0.195 0.302

Hb -0.200 0.289 -0.158 0.404

TLC 0.058 0.761 0.167 0.378

ALP 0.181 0.337 0.068 0.720

AFP 0.332 0.073 0.253 0.177

GGT 0.138 0.468 -0.076 0.688

Direct bilirubin 0.234 0.213 0.044 0.816

Total bilirubin 0.105 0.580 -0.222 0.238
ALB -0.675 <0.001" -0.639 <0.001°

AST 0.208 0.270 0.166 0.381

ALT 0.348 0.059 0.230 0.222

. Spearman coefficient; n: number of patients;

*: Statistically significant at p <0.05.
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Table (7): Agreement (sensitivity, specificity) for PKR to predict cases (vs control)

AUC
P
95% C.1
Sensitivity
Specificity
PPV
NPV

PKR 0.641 0.094 76 — 0.8060.125 190.0 35.0 67.50  [70.0

AUC: Area Under a Curve; p value: Probability value; CI: Confidence Intervals;
NPV: value of Negative predictive PPV: value of Positive predictive.

Table (8): Agreement (sensitivity, specificity) for P53 to predict cases (vs control)

AUC
P
95% C.1
Cut off
Sensitivity
Specificity
PPV
NPV

P53 0.638 0.100 [0.471-0.806 [ <1.072 [ 90.0 40.0 69.2 72.7

AUC: Area Under a Curve; p value: Probability value; CI: Confidence Intervals;
NPV: value of Negative predictive PPV: value of Positive predictive.

Table (9): Agreement (sensitivity, specificity) for P53 and PKR to predict cases (vs control).

AUC
P
95% C.1
Sensitivity
Specificity
PPV
NPV

P53+ PKR 0.635 0.109 |0.462—-0.808 | 93.33 50.0 73.7 83.3

AUC: Area Under a Curve; p value: Probability value; CI: Confidence Intervals;
NPV: value of Negative predictive PPV: value of Positive predictive.
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D ehydration-inducing stress condi-
tions are significant problems af-

fecting plant distribution, survival, and
productivity worldwide. The severity of
dehydration-inducing conditions in a giv-
en area is affected by different environ-
mental factors as in high temperatures and
increased evaporation/precipitation ratio
and affected by the soil drainage system
and poor water management in cultivated
lands (Egamberdiyeva, 2007). Therefore,
finding an efficient, low cost, easily
adaptable method for managing dehydra-
tion-inducing stress conditions in plants is
a major challenge, where minor improve-
ment could have a measurable economic
impact (Venkateswarlu and Shanker,
2009).

The majority of cultivated plant

species are classified as glycophytes,

Egypt. J. Genet. Cytol., 49:169-190, July, 2020

Web Site (Www.esg.net.eg)

while halophytic species are primarily
found in hypersaline environments, and
their growth is severely affected upon
removal of NaCl from their environment
(Surve et al., 2012; Solomon and Viswal-
ingam, 2013). Two distinctive classes of
microorganisms are found in a given sa-
linity-affected soil; the first are halophytic
microorganisms living in the root-growing
zone and requires at least 0.2 M NaCl
concentration and cannot grow in the lack
of salt. The second is halo-tolerant micro-
organisms that grow in the absence of salt
and the presence of comparably high salt
concentrations (Ara et al., 2013).

Plant growth-promoting bacteria
(PGPB) are soil-borne bacteria that form a
symbiotic relationship with plants (Diaz-
Zorita and Fernandez -Canigia, 2009);
they tend to facilitate the growth of plant
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either by colonizing the rhizosphere and
endosphere of plants and activate various
pathways within plants to facilitate salt-
withstanding mechanisms, direct-
ly/indirectly (Islam et al., 2016). Plant
growth-promotion affects plants 1) direct-
ly through facilitating nutrient acquisition
(phosphorus solubilization, nitrogen fixa-
tion), and production of plant growth
hormones (Odoh, 2017), or 2) indirectly
through siderophore and hydrocyanic
(HCN) production and defensive action
against biotic pathogens (Goswami et al.,
2014). Therefore, it could be used in bio-
inoculants in agricultural practices to
promote sustainable agricultural produc-
tion (Mei and Flinn, 2010).

The area of El-Natrun Valley, Al-
Bahira governorate, is an area known for
its hypersaline soda lakes. Salinity reaches
up to 5.0 M NaCl, with a pH range of 8.5-
11 and temperatures reaching mid-50s
during summer, a rich ecosystem for isola-
tion of alkaliphilic, haloalkaliphilic ther-
mo-alkaliphilic microorganisms (Mesbah
et al., 2007). To our knowledge, most of
the available studies on halophilic bacteri-
al isolation and characterization from
high-saline lakes in Egypt focused only on
phylogenetic analysis of the different clas-
ses with limited information on their agri-
cultural potentials (Oren, 2002; Vahed et
al., 2011).

Keywords: Endophytes, Halophytic bacteria,

IAA production, Growth characteristics, Toma-
to, 16S rDNA.

MATERIALS AND METHODS

Sampling site: Hypersaline soda lakes of
El-Hamra, located in an extended depres-
sion approximately 90 km northwest of
Cairo; that area is part of El-Natrun Val-
ley, which is occupies approximately 60
x10 km (Taher, 1999) Fig. (1).

Samples collection: Different plant tis-
sues from four plant species growing in
the area (Phragmites australis, Tamarixni-
lotica, Juncus rigidus and Halocnemum
strobilaceum) were collected from sites
surrounding the lake in triplicates; the
samples were placed in sterile containers.
All samples were collected in June 2016-
17, transported on ice and processed with-

in 2-4 h after collection.

Isolation of halo-endophytic bacteria
from plant tissues: All collected plant
tissues (roots, stems and leaves) were
carefully cleaned with tap water for 30
secs, then rinsing in sterile ddH,O for 1-2
mins. In laminar flow-hood, surface steri-
lization was performed by rinsing in 70%
ethanol for 1 min, followed by drenched
in 20% Clorox solution (1% sodium hy-
pochlorite) for 5 mins. The plant tissues
were rinsed 5-6 times with sterile ddH,O.
The samples were allowed to surface dry
for 5-10 mins before aseptically dissected
into small sections and placed on solid LB
medium (Cat # L1704.0500, Duchefa Bio-
chem, Netherland) supplemented with
10% NaCl. The plates were incubated for
48 hr at 28+2 °C. To obtain pure bacterial
isolates, bacterial colonies that were mor-
phologically distinct were selected and
cultivated repeatedly on fresh solid LB
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medium with 10% NaCl. Some uncut dis-
infected-surface tissues and the last rins-
ing water were also inoculated onto sepa-
rate solid LB plates as a control to validate
the effectiveness of the surface steriliza-
tion procedure. All purified isolates were
stored at —80 °C for further use.

Morphological studies of the isolates:
All purified bacterial isolates were charac-
terized morphologically as colony color,
form, elevation, margin, etc. Gram stain-
ing and morphological studies of cells
under a microscope were also performed

(data not shown).

Growth characterization of the isolates:
Growth of the isolates were determined at
different pH (4, 7, and 10), temperature
(30, 40, and 55 °C), and NaCl concentra-
tions (5, 10, 15, and 20 %; the cultures
were inoculated in LB broth pH 7.0 in a
shaker incubator 100 rpm at 30°C for 48
hr.). Bacterial growth was measured at
600 nm wavelength (Table 1).

Molecular analysis of the isolates: All
purified isolates were identified using
sequences of 16S rDNA. Bacterial-DNA
isolation was performed following the
procedure by Sambrook et al. (2009); am-
plification of 16S ribosomal-RNA ampli-
fication was conducted using 27 F and
1492 R primers (27F AGAGTTT-
GATCMTGGCTCAG and  1492R
CGGTTACCTTGTTACGACTT). PCR
was carried out in 25.0 pL reactions and
PCR conditions were as follow: denatura-

tion at 94°C for 5 min, then 35 cycles of
94°C for 1 min, 65°C for 90 sec and 72°C
for 1 min, then extending cycle for 7 min
at 72°C. Amplified products were gel-
separated and visualized using 1.0% aga-
rose gel which stained by ethidium bro-
mide- (0.5 pg/mL). PCR-products were
purified using QIAquick Kit (Qiagen,
Netherlands), and were sequenced. The
sequences were revealed using the basic
local alignment search tool (BLAST) and
comparisons with the GenBank nucleotide

http://www.ncbi.nlm.nih.gov.
Once the sequences were identified, they

database

submitted to the NCBI (accession no.
KY608807 - KY608843). Sequences were
initially aligned with CLUSTAL Omega
method, by MEGA7 software phylogenet-
ic trees were constructed (Kumar et al.,
2016) with 1000 bootstrap replications,
and evolutionary distances were deter-

mined using the p-distance method.

IAA quantification: Following a modi-
fied procedure by Patten and Glick,
(2002), IAA quantification was conducted
using 20 pL aliquots of overnight bacterial
growth cultures were used to inoculate 5
ml LB medium fortified with 0.1% trypto-
phan and incubated in the dark for 24 hr at
30 °C; the cultures were centrifuged
(5,500%g, 10 min) and 1.0 ml of superna-
tant was used for quantification of IAA by
mixing with 4.0 ml Salkowski's reagent
(150 ml H2SO4, 250 ml ddH,O and 7.5
ml of 0.5 mol FeCl3+6H,0; Glickmann
and Dessaux, 1994); the reactions were
incubated for 30 min at room temperature,
then light absorption was measured at 535
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nm. Greenhouse experiment: Tomato
seeds Cv. Castle Rock was germinated in
96-well foam trays filled with soil mixture
(1 peat moss:1 washed sand) in the green-
house. Thirty days post-germination, uni-
formly growing seedlings were transplant-
ed into 25 c¢m pots filled with the soil mix-
ture. Five bacterial isolates (HEP3BI,
HEP4A2, HEP4A4, HEPIB3, and
HEP1B2; Accession no. KY608812,
KY608814, KY608816, KY608809, and
KY608808, respectively) were inoculated
tomato plants separately using different
approaches. The plants divided into five
groups (1* did not receive any foliage or
soil application, 2" group received TAA
spray application at a concentration of 1
mg/L, 3 group received 50 ml bacterial
foliage-spray application, 4™ and 5"
groups received 10 and 50 ml direct soil
application, respectively). A complete
randomized block design was used with
three replicas (each replica consisted of 3
plants). A week post transplanting into the
final pots, the plants were divided into
four greenhouse benches (block), and dif-
ferent growth characteristic measurements
were recorded (plant height at 37 51 and
65 days post-germination (dpg), as well as
above-ground fresh and dry weight at the
end of the experiment). The bacterial cul-
tures were prepared as follows, a single
colony from each of the chosen bacterial
isolates was placed in 5 ml LB liquid me-
dium, fortified with 0.1% tryptophan, and
placed in a shaker incubator for 48 hr. The
next day, | ml of the culture "1 x 107
CFU/ml" was used to inoculate 1-liter LB-
tryptone medium, followed by 48 hr incu-
bation in a 30 °C shaker incubator at 100

rpm. The greenhouse experiment was ter-
minated 65 days post-germination, and the
following parameters (plant heights above
ground fresh and dry weight) were record-
ed immediately in the greenhouse and dry
weight (60 °C oven for 72 hrs.).

Statistical analysis: Statistical analysis
and variance analysis were performed
using ASSISTAT software version 7.6
beta by Professor Francisco de Assis San-

tos e Silva (http://www.assistat.com).

RESULTS AND DISCUSSION

Endophytic bacteria isolation from
plants growing in the Hamra Oasis, El-
Natrun Valley. The area of El-Natrun
Valley is located in the arid region of the
northern part of Egypt. It is situated below
sea level and consist of several lakes and
water feed is provided from underground
water from the Nile River, which touches
surrounding grass swamp areas (Ali et al.,
2013), mimicking an estuarine environ-
ment (Gutierrez et al., 2009a) and making
it a rich source for isolating halophytic
microorganisms. Different plant species
are flourishing under these harsh condi-
tions, including P. australis, T. nilotica, J.
rigidus, and H. strobilaceum.

A total of 37 isolates were purified
from the tissue of P. australis, T. nilotica,
J. rigidus, and H. strobilaceum (Table (1);
Figs. 2A B C and D). The different iso-
lates were then identified using 16S ribo-
somal DNA sequencing. Then the se-
quences were defined using a basic align-
ment search tool (BLAST, http:/

www.ncbi.nlm.nih.gov) and comparisons
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with the GenBank nucleotide databank,
and once the sequences were identified
and submitted to the NCBI (accession no.
KY608807 to KY608843; Table (1); Fig.
(1). Based on the resulted sequences, the
different isolates were classified as Vibrio
sp. V. parahaemolyticus, V. alginolyticus,
Bacillus sp., B. pumilus, B. sonorensis, B.
lichenformis, B. safensis, B. subtilis, B.
mojavensis, B.aerius, B. flexus, B. axar-
quiensis, B. tequilensis, Staphylococcus
epidermidis, and S. succinus (Fig. 1).

A phylogenetic tree of endophytic
bacterial isolates based on 16S nucleotide
sequences was constructed by the neigh-
bor-joining method and evolutionary stud-
ies performed in MEGA 7. The sequences'
alignment was done with CLUSTALW;
bootstrap values were calculated from
1000 re-sampling, with genetic distances
shown on scale bars. The tree displayed
two major branches, I and II; the Ist is
divided into six separate clades (Clade A
to F), and while the 2nd consisted only of
Vibrio sp. Staphylococcus specimens we
separated into a single clade (A). Bacillus
flexus did not share enough similarities
with the rest of the used samples in this
study, so it was separated alone in a clade
B. Bacillus safensis and B. pumilus share
genetic similarities to be in the same clade
C separated from the rest Bacillus sp. In-
terestingly B.aerius had high similarities
to B. pumilus HEP6C1 and differed from
the rest, so resulted in being in clade D. In
clade E, there were many similar species
of Bacillus (mojavensis, axarquiensis,
subtilis, and tequilensis). Finally, clade F

contained all B. licheniformis specimens
along with B. sonorensis HEP3B1.

Morphological and physiological char-
acterization of the different endophytic
isolates.

No growth was achieved in all iso-
lated bacteria under acidic conditions, pH
4 (therefore, omitted from Table 1). The
numbers present in Table (1) under pH 7
and 10 represent bacterial growth (O.D. =
600) 48 hr post-inoculation. All bacterial
isolates grow well at 5% NaCl concentra-
tion, equivalent to 0.85 mol NaCl (except
for isolates HEP9A2), while no growth
was observed under higher NaCl concen-
trations (10, 15, and 20%; Table 1).

Quantification of IAA production in the
different endophytic isolates.

A preliminary screening of all iso-
lates had been performed following the
procedure of Bric et al., (1991) using a
thin nitrocellulose membrane, which indi-
cates that the isolates we had in our hands
are indeed [AA-producing bacteria (data
not shown). Measurement of IAA isolates-
production was conducted a colorimetric
method using Salkowski reagent (Gordon
and Weber, 1951; Patten and Glick, 1996).
The red color was visible within a few
mins, yet all samples were measured 30
mins post-incubation in the dark. Bacterial
production of IAA is supported in nature
via the presence of tryptophan from root-
exudates, decaying plant cells, or the addi-
tion of organic fertilizer (Arkhipchenko et
al., 2006). Therefore, for IAA quantifica-
tion, and based upon previous work by
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different groups (Patten and Glick, 2002;
Swain et al., 2007), which indicated that
tryptophan added to the bacterial growth
medium caused an increase in IAA pro-
duction (different classes of rhizosphere
bacteria), therefore in the present work,
LB medium was fortified with 0.1% L-
tryptophan was used. Different endophytic
bacterial isolates have been found to pos-
sess the ability of plant's phytohormone
production, thus facilitating plant growth,
as in gibberellins (GA3; Khan et al,
2014), abscisic acid (ABA; Shahzad et al.,
2017), and indole acetic acid (IAA; Ali et
al,, 2017). Vendan et al., (2010) con-
firmed the isolation of more than 50 bacte-
rial endophytes (belonging to Firmicutes,
Actinobacteria,  o-Proteobacteria -
Proteobacteria families) from ginseng
that reported ITAA-producing activity.
Miliate and Buzaité, (2011) reported that
18 bacterial endophytes were isolated
from apple buds, and most of the isolates
showed IAA production activity. Sorty et
al., (2016) also reported the isolation of
different IAA-producing endophytes (be-
longing to different genera) from Psoralea
corylifolia L. (a weed). They concluded
that the isolates' cell-free extract was able
to enhance the germination of wheat seed
and seedlings under saline stress via IAA
production.

In plants, IAA acts as a signaling
molecule and affects genes' expression
under different conditions (Cassan et al.,
2014; Egamberdieva et al., 2015). The
IAA production and, therefore, plant-
growth depends on the IAA gradient in a
delicate balance with other growth hor-

mones, resulting in inhibition, stimulation,
and differentiation of tissue. Low I[AA
levels trigger root elongation while a
higher-level causes laterals and adventi-
tious root formation (Ghosh et al., 2013).
Related-root colonizing phytohormones of
rhizobacteria and endophytes effectively
colonized and supplied additional IAA for
plant growth and development (Sukumar
et al., 2013). Because of all this, in the
present work, we concentrated on identi-
fying isolates based on their ability to pro-
duce TAA and found that some of the
highest [AA-producing isolates (HEP3BI1,
HEP4A2, and HEP4A4) belong to the
Bacillus genus while the other two
(HEP1B3, and HEP1B2) belongs to Vib-
rio.

Bacillus sp. is characterized in nu-
merous reports for their [AA production in
large quantities (Zhao et al., 2011; Bibi et
al., 2018), yet surprisingly, two isolates
are isolated belong to Vibrio sp.
(Gutierrez et al., (2009b) and later, Kerkar
et al., (2012) reported the isolation of
highly producing IAA Vibrio sp.
Gutierrez et al. (2009b) reported for the
first time, the isolation of 8 Vibrio type
strains and five additional species-level
clades as IAA-producing from the rhizo-
sphere of Spartina alterniflora and Juncus
roemerianus plants. In this study, one of
the plants used for the isolation of endo-
phytes belongs to the Juncus genus (J.
rigidus) growing in the Hamra Oasis's
surrounded environment. At the same
time, Kerkar et al., (2012) reported the
isolation of high TAA-producing Vibrio
diazotrophicus from biofilms attached to



IMPACT OF HALOPHILIC ENDOPHYTIC BACTERIAL ISOLATED FROM 175
EL-HAMRA OASIS EL-NATRUN VALLEY ON TOMATO GROWTH.
UNDER GREENHOUSE

the saltern area. Based on the results pro-
vided in Table (1), the highest TAA-
producing strains were chosen (HEP3BI,
HEP4A2, HEP4A4, HEPIB3, and
HEP1B2; (Table 1) for further greenhouse
studies.

Treatment of tomato plants under
greenhouse conditions causes a signifi-
cant increase in plant height and dry
weight. The following isolates (HEP3B1,
HEP4A2, HEP4A4, HEPIB3, and
HEP1B2) were used separately in a
greenhouse experiment to study their ef-
fect on promoting the growth of tomato
plants under non-stressed terms (Figs. 2 E
and F). Different application methods
were used (50 ml bacterial foliage-
application, 10- and 50 ml direct bacterial
application to soil surface), along with two
controls (no-application at all, and 50 ml
foliage application of 1.0 mg/L TAA solu-
tion; Table (2).

The effect of each of the five bacte-
rial isolates for promoting the growth of
tomato plants growth (plant height, fresh
and dry weight; Figs. 3A, B, and C, re-
spectively) was analyzed. HEPIB3 and
HEP4A4 strains cause an increase in plant
height significantly compared to other
strains and non-inoculated controls (Fig-
ure 3A). All tested bacterial strains caused
a significant accumulation of above-
ground fresh weight, compared to non-
inoculated controls (except those inoculat-
ed with HEP1B2 strain; Figure 3B). To-
mato plants inoculated with the different
bacterial strains showed a significant in-

crease in dry weight than non-inoculated
controls (Fig. 3C).

The bacterial application method
was also tested (foliage spraying vs. direct
application to the soil surface at 10 and 50
ml). Results indicate that direct soil appli-
cation (at 10 and 50 ml) caused a signifi-
cant increase in tomato plant height (Fig-
ure 4A), as well as in fresh and dry weight
accumulation (Figs. 4B and C). Although
foliage application did not cause a signifi-
cant increase in plant height compared to
non-inoculated controls (Fig. 4A), signifi-
cant differences were observed at fresh
and dry weight levels (Figs. 4B and C,
respectively). In general, regardless of the
application method used, all the bacterial
was separately inoculated-tomato plants
resulted in an increment in above-ground
fresh and dry weight compared to non-
bacterial inoculated controls (Figs. 4B and
C, respectively).

Figure (5) summarizes the effect
of bacterial treatment on tomato plants
growing under greenhouse conditions. It
shows that bacterial inoculants were sig-
nificantly taller (Fig. 5SA), accompanied by
an accumulation of higher fresh and dry
weight non-inoculated controls (Figs. 5B
and C, respectively). Our results also indi-
cated that endophytes-inoculated tomato
plants showed an increase in fresh (13.2
up to 43.4 %) and dry weight (42.4 up to
52.6%) wunder non-stressed conditions
compared to non-inoculated controls. Pre-
vious work using different Pseudomonas
Sp. to examine the effectiveness of differ-

ent inoculation methods on tomato plant
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growth-promotion revealed that the soak-
ing of tomato seedling roots and tomato
seed coating had statistically similar re-
sults improving plant growth to other
methods used (Adesemoye and Ugoji,
2000).

Plant growth promotion due to
IAA-production by endophytic bacteria
has been reported by different workers
(Yasmin et al.,, 2009; Adesemoye and
Egamberdeiva, 2013) on potato promotion
and tomato plants upon inoculation with
endophytic growth-promoting bacteria.
Yasmin et al. (2009) concluded that im-
provement in fresh weight and potato
yield was connected to IAA production.
While Adesemoye and Egamberdeiva,
(2013) tested three isolates of Pseudomo-
nas (P. putida, P. chlororaphis, and P.
extremorientalis) with tomato plant grow-
ing under salinated soil, and reported a
fresh weight stimulation of 26-28%, cou-
pled with a 22% increase in tomato fruit
yield compared to the non-inoculated

plants.

Final conclusion. In a world where
extensive usage of fertilizers and chemi-
cals is necessary to accommodate the
world's growing population, any new non-
traditional method is encouraged to main-
tain highly productive agriculture. In the
present study, we investigated the possi-
bility of using halophytic endophytic bac-
terial strains isolated from salinity tolerant
species growing in Egypt's saline area to
promote and induce growth characteristic
of a commercially important crop in Egypt

growing under non-stressed greenhouse

conditions. Inoculation of tomato plants
with different bacterial strains increased
plant height, accompanied by an increase
in fresh and dry weight. This approach
could provide an environmentally benign
technique to increase crop productivity,
yet further investigations to evaluate the
performance of different endophytic mi-
croorganisms-inoculated plant under de-
hydration-inducing stress conditions is
still to follow to identify agronomically-
important endophytic microorganisms for

commercial crops in Egypt.
SUMMARY

Thirty-seven endophytic bacterial
isolates were isolated from tissues of four
salt-tolerant plant species (Phragmites
australis, Tamarix nilotica, Juncus rigi-
dus, and Halocnemum strobilaceum)
growing on shores of the El-Hamra Oasis
(hypersaline soda lakes, with salinity lev-
el, reaches up to 5.0 M NaCl), EL-Natrun
Valley, Egypt. Isolates were determined
by different morphological, physiological,
and molecular characters. Sequencing data
of 16S rRNA declare that the 37 isolates
belong to 3 genera Bacillus, Staphylococ-
cus, and Vibrio (accessions no. Ky608807
- KY608843). All isolates produced Indol-
3-acetic acid (IAA) when allowed to grow
in LB media fortified with 0.1% L-
tryptophan. The highest five potent iso-
lates "IAA- producer" were selected and
used to inoculate tomato (Lycopersicon
esculentum) plants under greenhouse con-
ditions. Based on plant growth character-
istics that were measured at 37, 51, and 65

days post-germination; we found that 10
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or 50 ml (1 x 107 CFU/ml) direct addition
of bacterial culture to soil surface caused a
significant increase in tomato plants'
height (above-ground fresh and dry
weight) compared to direct foliage spray-
ing. When pooled together, all bacterial
treatment caused a significant increase in
tomato height (ranging from 4.9 up to
25.8%), fresh weight (13.2 up to 43.4%),
and dry weight (42.37 up to 51.58%, with
an average of 46.73%), compared to non-
bacterial inoculated controls (non-treated,
or IAA-sprayed) 65 days post-

germination.
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Table (1): List of the endophytic bacterial strains isolated from tissues of different plant spe-

cies that grow in the region around the Hamra Oasis, Natrun Valley (Phragmites
australis, Tamarixnilotica, Juncus rigidus and Halocnemumstrobilaceum). The

table also shows their growth characteristic under different pH, temperatures,

NaCl concentration, as well as TAA production.

TAA
O.D. at pH
O.D.atpH 7
L 10 APET ! Nact (%) [“81] prant
Scientific | Acces- o 30°C 00 .
Code . 30°C 5 10 Species,
name sion 40°C ml .
40°C 15 20 tissue
oC 55°C cul-
S5 ture)
HEPL |V PUE Ikyeos| - - 305 284 |+ - - | 107 Tnilot
Bl U1 507 - - ; 7 | ica, Root
cus
HEP1 Tt KY608 - - 2.94 267 |++ - -120.0]| T.nilot-
pox | Vibriosp | eng - - - 0 |ica, Root
HEP1 | V. algino- | KY608 | 1.45 0.46 | 3.00 274 | ++ - -131.0| T.nilot-
B3* Iyticus 809 - - - 0 |ica, Root
P. aus-
HEP3 B. pumilus KY608 | 1.79 1.01 | 2.57 196 | + - - 952 tralis,
Al 810 - - -
Root
P. aus-
HEP3 . KY608 | 2.43 1.40 | 2.34 1.07 |+ - - .
Bacillus sp 9.17 | tralis,
A2 811 - - -
Root
P. aus-
HEP3 B.son- |KY608| 273 205|271 1.87 | ++ - -|226 .
. tralis,
B1* orensis 812 - - - 0
Root
. P. aus-
HEP3 | B. lichen- | KY608 | 2.90 2.10 |2.43 2007 || 4=r = = )
. 5.52 | tralis,
B2 formis 813 - - -
Root
P. aus-
HEP4 Bacillus s KY608 | 2.40 0.99 | 1.81 268 | ++ - -1435 AT
A2* Pl 814 - - - 2 '
leaves
P. aus-
HEP4 . [ KY608|2.64 090 | 1.89 291 | ++ - -1]11.0 .
B. safensis tralis,
A3 815 - - - 5
leaves
P. aus-
HEP4 BRI KY608 | 2.73 1.27 | 3.00 291 |+ - -1435 el
A4 | 2P 816 - - ; 8 ’
leaves
HEP4 KY608 [ 2.60 181|153 1.68|++ - - P. aus-
B. pumilus ‘ ’ : ‘ 7.35 | tralis,
C2 817 - - -
leaves
¢ f P. aus-
HEPS5 | B. licheni- | KY608 | 1.57 0.58 | 1.68 1E3S5H([FH = )
) 7.02 | tralis,
A2 formis 818 - - - Root
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Table(1): Cont’
P. aus-
HEPS . KY608 | 1.39 0.58 | 2.09 1.97 | ++ 12.2 .
Bacillus sp tralis,
A3 819 - 0
Root
i f P. aus-
HEPS5 | B. licheni- | KY608 | 0.85 0.12 | 1.94 2.30 | ++ .
) 9.80 | tralis,
A4 formis 820 -
Root
; ; P. aus-
HEPS5 | B. licheni- | KY608 | 2.83 1.29 | 2.78 2.74 | ++ .
; 9.30 | tralis,
Bl formis 821 -
Root
i f P. aus-
HEPS5 | B. licheni- | KY608 | 1.69 0.33 | 2.09 2.84 | ++ -
) 8.95 | tralis,
B2 formis 822 =
Root
; ; P. aus-
HEPS5 |B. licheni- | KY608 | 1.28 0.70 | 1.93 2.67 | ++ -
) 5.85 | tralis,
C2 formis 823 -
Root
HEP6 KY608 | 1.09 021 |1.63  0.36 | ++ =5 Gl
B. subtilis ) ’ ’ ’ 5.52 | tralis,
Bl 824 -
leaves
. P. aus-
HEP6 | B. moja- | KY608 | 0.64 0.11 | 0.85 0.29 | ++ 11.4 T
Bl11 VEnsis 825 - 7 ’
leaves
P. aus-
HEP6 2 Uil KY608 | 0.47 - 1.67 0.48 | ++ 9.05 tralis,
B2 826 -
leaves
HEP6 KY608 | 2.08 177 |2.05 1.69 | ++ 5 Lk
B. pumilus : ’ ’ ‘ 7.80 | tralis,
Cl 827 -
leaves
HEP7 _|KY608|290 253 (179 148 |++ P. aus-
B. aerius 5.67 | tralis,
A2 828 -
leaves
P. aus-
HEP7 B. pumilus KY608| 230 1.34 |2.59 2.10 | ++ 575 tralis
A4 | PP 829 - : ’
leaves
J. rigi-
HEPS KY608| 0.67 - |1.87 1.79 | ++ 11.4
B. flexus dus,
B1 830 - 7
shoots
HEPS | S. epider- | KY608 | 0.90 043 | 198  2.03 | ++ Jo ik
g 9.02 dus,
B2 midis 831 -
shoots
HEP9 KY608 | 2.01 148 [235 294 < il
B. safensis : ’ : : ) 6.02 dus,
A2 832 -
shoots
J. rigi-
HEP9 . | KY608 | 2.40 2.03 | 2.87 3.01 | ++ 12.2
B. safensis dus,
A4 833 - 0
shoots
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HEP9 1. ridi-
. |KY608| 248 2.00|1.98 1.60 | ++ 10.1 -ng
B. safensis dus,
B1 834 = 0
shoots
HEP1 .. | KY608 | 0.75 - |1.99 2.64 | ++ H. strobi-
0Al B. subtilis 235 ) 7.35 laceum
HEP1 | B.axar- |KY608| 0.68 - |[1.97 1.76 | ++ 6.75 H. strobi-
0A4 quiensis 836 - ' laceum
HEP1 .. | KY608 | 0.34 0.13 | 2.68 1.80 | ++ H. strobi-
1AL B. subtilis 837 ) 9.05 laceum
HEP1 B. subtilis KY608 | 0.45 0.11 | 2.91 1.96 | ++ 16.0 | H. strobi-
1A2 ' 838 - 0 laceum
HEP1 | B. licheni- | KY608 | 1.30 0.72 | 2.78 1.68 | ++ 11.4 | H. strobi-
1A3 formis 839 - 7 laceum
J. rigi-
HEP1 B. subtilis KY608 | 0.74 - 12.06 1.45 | ++ 720 dus,
3A2 840 -
shoots
J. rigi-
HEP1 . KY608 | 1.08 0.50 | 1.04 0.53 | ++
S. succinus 5.53 dus,
3A4 841 -
shoots
HEP1 | B.tequi- |KY608| 1.18 - |1.10  1.02 | ++ 10.5 | J.rigi-
5A3 lensis 842 - 2 | dus, Root
HEP1 S, succinus KY608 | 1.11 0.65 |2.10 1.99 | ++ 5.85 J. rigi-
5A4 ’ 843 - ’ dus, Root
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Table (2): Measurements of plants height (37, 51, and 65 dpg), and above-ground fresh and
dry weight (at 65 dpg) of tomato plants treated with 5 endophytic bacterial iso-

185

lates.
TREATMENT LENGTH T1 | LENGTH T2 | LENGTH T3 FRESH DRY
WEIGHT WEIGHT
CONTROL 35.10£2.85 | 44.17+4.67 | 55.67+2.42 | 1448 +0.23 3.98+£0.12
IAA SPRAY 33.87+4.58 | 4547+237 | 60.67+3.39 | 17.05+0.26 494 +0.13
HEP4A2 SPRAY | 30.33+491 | 4033+£2.67 | 53.33+£1.26 | 21.83+1.92 5.72+£0.27
HEP4A2 (10ML) | 31.33+0.67 | 44.00+£3.05 | 60.01 £2.89 | 19.37+1.11 5.81 £0.03
HEP4A2 (S0 ML) | 31.67+1.45 | 4933+2.60 | 61.67+1.67 | 21.11 £0.67 5.89+0.14
HEP1B3 SPRAY | 42.67+4.70 | 5833 +4.33 | 69.51+£1.69 | 16.07£0.46 5.95+0.15
HEPIB3 (10ML) 49.00+1.01 65.51£2.89 | 78.67+£3.21 | 2034+1.23 5.82+0.41
HEPIB3 (50 ML) | 33.00+2.10 | 44.67+2.09 | 62.01 £2.11 18.34 £0.51 6.05 +0.58
HEP4A4 SPRAY | 36.00+4.58 | 41.67+1.67 | 57.01 £2.33 | 20.3 7+ 0.31 5.69+0.17
HEP4A4 (10 ML) | 31.67+2.40 | 51.67+3.67 | 70.20+1.01 18.99 +2.83 5.79 £0.25
HEP4A4 (50 ML) | 40.33+2.85 | 53.00+£1.00 | 70.33 £2.73 18.51 +£1.57 5.72+0.11
HEP1B2 SPRAY 31.00£2.08 | 44.00+£3.79 | 52.67+3.71 19.04 +0.75 6.28 £0.30
HEPIB2 (10 ML) | 30.00+1.15 | 40.33+2.34 | 54.00+£3.05 | 1591 +2.02 5.95+0.63
HEPIB2 (50 ML) | 26.33 £2.18 | 39.00+2.89 | 50.67£0.67 | 14.25+1.55 5.89+£0.19
HEP3B1 SPRAY 40.67+2.90 | 50.67+0.67 | 58.67+2.67 | 16.11 £1.36 5.78 £0.03
HEP3BI1 (10 ML) | 38.33+1.67 | 50.00+£2.89 | 64.33+3.48 | 19.18+1.52 5.68 £0.16
HEP3B1 (50 ML) | 36.00+2.58 | 51.33+£3.81 | 65.00+3.64 | 2091 +1.49 5.54+£0.05




186 MANAL F. ABDELALL AND M. S. TAWFIK

Bacillus sonorensis HEP3B1
Bacillus licheniformis HEP582
Bacillus licheniformis HEP3B2
Bacillus licheniformis HEP5B1
Bacillus sp HEPSA3 = (lade F
Bacillus licheniformis HEP11A3
Bacillus licheniformis HEP5A4
Bacillus licheniformis HEP5A2
Bacillus licheniformis HEP5C2
P Bacillus mojavensis HEP6B11
‘j:sac.‘lrus axarquiensis HEP10A4
Bacillus subtilis HEP10A1
Bacillus subtilis HEPEB1
Bacillus subtilis HEP11A1 >—-— Clade E
[ Bacillus subtilis HEP6B2
Bacillus tequilensis HEP15A3
Bacillus subtilis HEP11A2
86% [Bacr'll'us subtilis HEP13A2 P

Bacillus pumilus HEP6C1
Bacillus aerius HEPTA2 } Clade D
Bacillus pumilus HEP4A4 -_——
Bacillus pumilus HEPAC2
Bacillus pumilus HEPTA4
Bacillus pumilus HEP3A1
Bacillus sp HEP3A2
Bacillus sp HEP4A2
Cluster| . Bacillus safensis HEP9A2
Bacillus safensis HEP4A3
Bacillus safensis strain HEP9A4
Bacillus safensis HEP9B1 —_—
Bacillus flexus HEP8B1 +«——— (lade B
Staphyl epidermidis HEP8B2
ey Staphylococcus succinus HEP13A4 Clade A
8% Staphylococcus succinus HEP15A4
Cluster Il Vibrio sp strain HEP1B2 =
5% Vibrio parahaemolyticus HEP1B1
84% Vibrio alginolyticus HEP1B3 =

Fig. (1): Phylogenetic of endophytic bacterial isolates distribution based on 16S rDNA gene
sequence from wild plants grown in the surroundings El-Hamra Oasis, EL-Natrun
Valley. The phylogenetic relationships were inferred using the neighbor-joining
approach from the 16 S rRNA gene, and an evolutionary analysis was performed in
MEGA 7. Alignment of the sequences was done with CLUSTALW, bootstrap val-
ues were calculated from 1000 re-sampling, with genetic distances shown on scale
bars.
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1

Fig. (2): Pictures representing El-Hamra oasis, AL-Natrun valley (A) with the distribution of
different halophytic plants (B, C, and D) in the area. E and (F) representing part of
the greenhouse experiments 37 days post germination and just before application of
the different bacterial strains in the greenhouse.
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Fig. (3): Impact of endophytic bacterial isolates on tomato plants growing
under greenhouse conditions on plant height (A), above ground
fresh weight (B) and dry weight (C). Bars are the plant height +
standard error. Bars with same letter are not significantly different
at P<0.05.
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Fig. (4): The effect of different application methods on plant height (A), above
ground fresh weight (B) and dry weight (C) of tomato plants growing
under greenhouse conditions. Bars represents average plant height +
standard error. Bars with the same letter are not significantly different
at P<0.05.
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T2

F Control M IAA M Bacterial treatment

a
b
c I

Control IAA Spray Bacterial treatment

a
b
C i

Control IAA Spray Bacterial Treatment

Endophytic bacterial isolates effect vs. non-inoculated controls (non-
treated, and IAA spray) on plants height (A), above ground fresh
weight (B) and dry weight (C). (A) bacterial treatment causes a sig-
nificant rise in plant height compared with IAA and un-treated plants.
(B) bacterial treatment had also significant effect on increasing fresh
(B) and dry weight (C) of tomato plants compared to non-bacterial
treated controls. Bars represent average plant height + standard error.
Bars with same letter are not significantly different at P< 0.05.
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( : enus Origanum is considered as an

important multipurpose aromatic
perennial herb used in folk medicine and
as food additive since ancient times which
belongs to the family Lamiaceae or Labi-
atae, tribe Mentheae subfamily Nepetoi-
deae. It is comprises 43 species and 18
hybrids widely distributed in Eurasia and
North Africa (Ietswaart, 1980; Duman et
al., 1998). Ietswaart (1980) identified six
subspecies within O. vulgare based on
differences in indumentums, number of
sessile glands on leaves, bracts and caly-
ces, and in size and color of bracts and
flowers. Lamiaceae family contains about
236 genera having 6900 to 7200 species
(Harley et al., 2004). Origanum vulgare
L. is a perennial aromatic herb, widely
naturally distributed all over Euroasia and
North Africa and is one of the most traded
and consumed spice (Kokkini, 1997). Ori-
ganum vulgare L. is used as medicinal
plant because of the essential oils pro-
duced in the aerial parts (Skoula and Har-
borne, 2002). Thymol and carvacrol as a

Egypt. J. Genet. Cytol., 49:191-211, July, 2020
Web Site (www.esg.net.eqg)

major constituent of its essential oil were
isolated by Baser et al., (2003). It is espe-
cially antimicrobial, economic importance
and specific biological characters (Asdal
et al.,, 2006) and antioxidant properties
(Mastelic et al., 2008). In Egypt, Origa-
num syriacum L. subsp. Sinaicum (Boiss.),
commonly known as 'Syrian marjoram' is
an aromatic, herbaceous and perennial
plant growing wild in the Sinai desert of
Egypt (Tackholm, 1974). It is endemic
species grow in mountainous areas of
Saint Katherine, south of Sinai in dry
rocky habitats, also have a vernacular lo-
cal name as "Za'atar Katherine" or Barda-
qwish and from the conservation point of
view, it is an endangered plant (Tackholm,
1974; Boulos, 2002). Origanum syriacum
L. species, as one of wild plant species, is
endangered and has limited distribution.
There are many challenges affecting both
conservation and the distribution of wild
plants in SKP (Saint Katherine Protec-
torate) such as; feral donkeys, plant over
collection, tourist intrusions (e.g., tres-
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passing beyond trail borders and collec-
tion of firewood during camping), over-
grazing, collection for scientific research,
urbanization and settlement expansion and
quarries as recorded by Guenther et al.,
(2005), Assi (2007), Hatab (2009) and
Khafagi et al., (2013). The taxonomy of
Origanum was found to be rather complex
and nearly all of the sections are afflicted
with some kind of taxonomic uncertainties
(Lukas, 2010).

For molecular characterization and
identification of the biological species
based on using DNA sequence data were
widely used for DNA barcoding in the last
decades. Several international organiza-
tions, including iBOL (the International
Barcode of Life Project) http:/
www.ibol.org/, CBOL (the Consortium
for the Barcode of Life) and ECBOL (the
European Consortium for the Barcode of
Life), have applied in large-scale DNA
barcoding projects aiming to identify and
classify all life on earth. Recently, the
Consortium for the Barcode of Life
(CBOL) Plant Working Group (CBOL
2009 and 2010) proposed two other chlo-
roplast regions, the protein coding rbcL
and matK, as a 2-locus combination bar-
code. DNA barcoding techniques play an
important role in the identification of pol-
ymorphic plant species having a problem-
atic taxonomic identity for the biodiversity
investigation (Ajmal et al., 2014). DNA
barcoding technique in plants with high
effective and robust conserved regions is a
characterizing using a partial DNA se-
quence from a standard and agreed-upon
position in the genome of all species

(http://barcoding.si.edu/DNABarCoding.h
tm). For instance, barcoding strategies
have been deployed for the verification of
plant products from several medicinal
plants (Asahina et al., 2010; Xue and Li,
2011). Large data information gathered
from two chloroplast chDNA barcodes
(rbcL and matK) at molecular level used a
universal barcode system far beyond taxo-
nomic studies of land plants. Some inves-
tigators have chosen a combination of two
regions (MatK and rbcl) as a satisfactory
compromise that best meets the DNA bar-
coding criteria (Hebert, 2003; Chase et al.,
2005; De Vere et al., 2012 and; Fazekas et
al.,, 2008& 2012). Using four candidate
barcode regions (rpoB, rbcL, matK and
trnH-psbA to evaluate the utility of using
markers plant DNA barcodes in 64 species
specimens, encompassing six different
genera (i.e. Mentha, Ocimum, Origanum,
Salvia, Thymus and Rosmarinus) to reduce
cost and time for species identification
(De Mattia et al., 2011 & 2012). Using
one region barcodes from rbclL, matK,
psbA-trnH loci of 14 Labiatae species
were identified and analyzed with species
identification from Pakistan (Schori and
Showalter, 2011). Universal primers were
used for amplification of matK and rbcL
Loci in 2 different plant species (covering
14 families) from Saudi Arabia (Bafeel et
al., 2011). To classify between 36 samples
of Thymus spp. the core barcode regions
(matK and rbcL) and the plastid intergenic
spacer trnH-psbA were compared (Federi-
ci et al., 2013). Three cpDNA loci (matK,
rbcL and trnH-psbA) as single region or as
multi-region barcodes based on CBOL

were used and analyzed for medicinal
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plants of the Labiatae (Lamiaceae) family
(Theodoridis et al., 2012). DNA barcod-
ing as part from authentication of traded
medicinal plants, also finds application in
biodiversity monitoring, conservation im-
pact assessment, monitoring of illegal
trading, forensic botany, etc. (Nithaniyal
et al., 2014; Ferri et al., 2015 and Mishra
et al., 2016). For more than a decade, oth-
er several applications has been widely
tested in the DNA barcoding, molecular
systematics, identification at molecular
level and community phylogenetic of
some medicinal plants (Vohra and Khera,
2013; Techen et al., 2014; Zhou et al.,
2014; Parveen et al., 2016; Bezeng et al.,
2017 and Chen et al., 2019).

The importance of Origanum spe-
cies is due to active ingredients and essen-
tial oils which confer their medicinal, cul-
inary and pharmaceutical properties.
Moreover, threatens such as over-
collecting of plants and human construc-
tions in plants natural habitats which put
them in their way to extinction. Therefore,
the current investigation was carried out to
identify and authenticate the endemic wild
Origanum species, Origanum syriacum L.
subsp. sinaicum (Boiss.) in Egypt and
compare them with cultivated species;
Origanum vulgare L. using two chloro-
plast genes (rbcL and matK genes) as the
most important DNA barcode at the mo-
lecular level. In addition, to distinguish
between the two Origanum species under
study and with the other available species
on NCBI database to fulfill a strict con-

servation plan and maintenance of the

studied species. Phylogenetic relationship
analysis and homology modeling of both
sequences (matK + rbcL genes) using
Basic Local Alignment Search Tool
(BLASTn) and MEGA 7 software pro-
gram to apply comparative sequences be-

tween of them.

MATERIALS AND METHODS
Plant materials collection

The two Origanum species availa-
ble in Egypt; Origanum syriacum L.
subsp. sinaicum (Boiss.) (Ecotype wild
species) and Origanum vulgare L. (culti-
vated species) were collected for the pre-
sent investigation. The fresh young leaves
were collected as bulk for each species in
spring of 2018, transferred into liquid ni-
trogen, and kept frozen at - 80 °C till use.
The Origanum species chosen for the pre-
sent study were wild type Origanum syri-
acum L. subsp. sinaicum (Boiss.) which
was collected from the mountains of Saint
Catherine Protectorate (SKP), South Sinai
Governorate, Egypt and the other is culti-
vated species; Origanum vulgare L. which
was collected from private farms at Kir-
dasa region, Giza Governorate, Egypt.

DNA extraction, primers design and
PCR amplification

Genomic DNAs were extracted
from 100 mg frozen tissue and loaded in
2.0 ml eppendorf tubes with one 5 mm
stainless steel bead. Samples were ground
using Tissue Lyser II (Qiagen, Ltd.) until

the material became powder (frequency 20
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Hz x 2 x ~ 30 sec) following the proce-
dure described by DNeasy Plant Mini Kit
(Qiagen Inc., Cat.no.69104, USA), this
was performed following the manufactur-
er's instruction. The concentrations and
quality of the genomic DNA samples were
estimated on spectrophotometer ND-2000
(Nanodrop, USA). Finally, all the ge-
nomic DNA samples were diluted to a
final concentration of 40 ng/ ul with TE
buffer (10 mM Tris-HC1, pH 8.0 and 1 m
M EDTA), then stored at -20°C for further
use. DNA fragments were amplified via
standard polymerase chain reaction
(PCR). The entire coding plastid rbcLa
(first part of rbcL gene ~ 700bp or less)
was amplified using the primer pairs
rbcLa 1Fwd (5-ATG TCA CCA CAA
ACA GAG ACT AAA GC-3) and
rbcLa 599Rev (5-GTA AAA TCA AGT
CCA CCR CG-3') and PCR fragment a
599 bp of the rbcL gene as previously
described by Levin et al., (2003) and
Kress and Erickson, (2007). For matK
primer design, 13 ORF full length se-
quence matK genes from different species
belong to Lamiaceae family were retriev-
able from the National Center for Bio-

technology Information (NCBI) database

(GenBank). Accession numbers
GU381790.1  (Thymus  pulegioides),
AY840173.1 (Thymus serpyllum),
GU381789.1  (Thymus  caespititius),

GU381791.1 (Thymus broussonetii subsp.
hannonis), GU381792.1 (Thymus vulgar-
is), GU381802.1 (Origanum vulgare),
GU381799.1  (Origanum  elongatum),
GU381798.1

(Origanum  dictamnus),

GU381797.1 (Origanum rotundifolium),
GU381801.1 (Origanum microphyllum),
GU381800.1 (Origanum dayi),
AY840165.1 (Origanum vulgare), and
MG256495.1 (Mentha spicata) were used
for multiple sequences alignment of nu-
cleotide (BLSTn) to design specific pri-
mers pair of matK gene. The entire coding
plastid maturase fragment (matK) was
amplified ~ 884 bp or less using the pri-
mer pairs matk 466Fwd (5°- GTC CAT
GTG GAA ATC TTG ATT C -3") and
matK 1349Rev (5°- CGT ACA GTA CTT
TTG TGT TTA CG -3") and PCR frag-
ment ~ 884 bp or less 850 bp according to
CBOL Plant Working Group (2009).
Phusion” Taq, the High-Fidelity DNA
polymerase (Thermo Scientific, Product
codes: F-530L, 500 Unit) was used. For
rbcl and matK master mix: The amplifica-
tion reaction was carried out in 25 pl reac-
tion volume contains; 2 pl DNA, 5 pl 5X
Phusion HF buffer, 0.5 pl 10mM dNTP
mix, 1.25 ul Fwd. primer (10 uM), 1.25 pl
Rev. primer (10 pM), 0.25 pl Phusion
DNA polymerase (Thermo Scientific,
Product codes: F-530L, 500 Unit), 14.75
ul DEPC H,O and was spin for 15 Sec.
The reaction mixture was incubated in a
Perkin-Elmer thermo cycler 9700. PCR
program for rbcL and matK regions, the
temperature profile in different cycles was
as follows: an initial strand separation
cycle at 98°C for 3 min followed by 35
cycles comprised of a denaturation step at
98°C for 30 seconds, an annealing step at
55°C for 30 seconds and an extension step
at 72°C for 45 seconds. The final cycle
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was a polymerization cycle for 7 min at
72°C. PCR amplifications samples were
resolved by electrophoresis in a 1.5% aga-
rose gel containing ethidium bromide
(0.5ug/ml) in 1X TAE buffer at 95 volts.
A 1Kbp DNA ladder was used as DNA
standard size marker. PCR products were
visualized on UV light using a Gel Docu-
mentation System (BIO-RAD 2000). PCR
product were purification or fast cleanup
from the agarose gel for sequence up to 10
pg can bind to each QIA quick column by
using QIA quick gel extraction kit (Qi-
agen, Cat. No. 28704-28706).

Sequence editing, alignment and phylo-
genetic inference

Sequencing chromatograms of ob-
tained two rbcL and two matK regions
were analyzed by Macrogen, Seoul, south
of Korea and translated into amino acid
sequences by the EXPASyY online program
(https://web.expasy.org/translate) for each
studied two Origanum species. All nu-
cleotide sequences of rbcL and matK
gene, Open Reading Frame (ORF) were
searched in NCBI database, The National
Center for Biotechnology Information
GenBank

ncbi.nlm.nih.gov). The homology searches

Database, (http://www.
were performed with Basic Local Align-
ment Search Tool of several sequences
(BLASTn online program) on the basis of
their homologies with sequences pub-
lished in DDBJ/EMBL/GenBank database

which are available using NCBI database
(Altschul et al., 1990).

RESULTS AND DISCUSSION

Molecular description

Successful application for isolation
with high quality and pure molecular size
of DNA is quite a challenge to reduce
degraded DNA of plant material especial-
ly in medicinal plants. DNA concentration
were obtained using nanodrop spectropho-
tometer observes and ratio of 260 and 280
nm were (i.e., 27-35 ng mL-1). PCR
based amplification of conserved regions
(matK and rbcL) is primarily required to
establish DNA barcodes for species identi-
fication. With both universal primers rbcL
and matK, good results of PCR amplifica-
tion were observed as about 700 or less
600 bp for the first part of partial fragment
length of rbcL gene and about 900-850 bp
for partial matK gene in two Origanum
species (Origanum syriacum L. subsp.
Sinaicum (Boiss.), (Ecotype of wild spe-
cies) and Origanum vulgare L., respec-
tively. The single fragment was purified
from agarose gel and sequenced. Specific
single fragment was obtained for each
sample, size and reading sequence were
determined by Macrogen analysis, and
then aligned by BLASTn web sites to
identify sequences similarities. The nucle-
otide sequences isolated in this paper have

been deposited in the GenBank database
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NCBI (National Center for Biotechnology
Information) by Banklt, online from web-
site (https://www.ncbi.nlm.nih.gov/ Web-
Sub/) after it was processed by email (gb-
admin@ncbi.nlm.nih.gov). Two  rbcL
gene sequences were available to
DDBJ/EMBL/GenBank database = with
accession mno. MT679150.1/QNJ99666
from Origanum vulgare L. (528bp) which
predicted to encode a protein of 176 ami-
no acids and with GenBank accession no.
MT679151.1/QNJ99667 from Origanum
syriacum L. subsp. Sinaicum (532 bp),
which predicted to encode a protein of 177
amino acids as shown in Fig. (1.A). In the
same context, the two sequenced matK
genes sequences were available with
GenBank
MT679152.1/QNJ99668 from Origanum
vulgare L. (745 bp) which predicted to

accession no.

encode a protein of 248 amino acids and
MT679153.1/QNJ99669
from Origanum syriacum L. subsp. Si-

accession no.

naicum (775bp), which predicted to en-
code a protein of 258 amino acids as

shown in Fig. (1. B).

Molecular phylogenetic analysis based
on sequences of rbcL gene

Sequence homology of each nucle-
otide of the chloroplast 60 rbcL gene
searches (Code 1 to 2) for Origanum spe-
cies (current studies), (Code 3 to 7) for
Origanum genus, (Code 8 to 10) for Con-
radina genus, (Code 11 tol3) for Dic-

erandra genus, (Code 14 to 16) for Mo-
narda genus, (Code 17 to 19) for Pycnan-
themum genus, (Code 20) for Bystropogon
genus, (Code 21 to 23) for Clinopodium
genus, (Code 24 to 26) for Satureja genus,
(Code 27 to 29) for Mentha genus, (Code
30 to 35) for Thymus genus, (Code 36 to
38) for Agastache genus, (Code 39 to 41)
for Dracocephalum genus, (Code 42 to
44) for Nepeta genus, (Code 45 to 46) for
Prunella genus, (Code 47 to 49) for Lep-
echinia genus, (Code 50 to 52) for Ros-
marinus genus, (Code 53 to 55) for Salvia
genus and (Code 56 to 60) for 5 different
species; Linum usitatissimum
(MG946893.1), Arabidopsis thaliana
(AB917053.1), Glycine max (Z295552.1),
Chenopodium album (JX848451.1) and
Triticum aestivum (AY328025.1) as out
group of the family were tested by top-
scoring hits through NCBI database using
Basic Local Alignment Search Tool
(BLASTn) as shown in Table (1). Multi-
ple Sequence Alignments (MSA) of 60
rbcL gene was carried out between se-
quences of selected nucleotide sequences
of 17 different genera belonging to the
family Lamiaceae or Labiatae available in
GenBank databases, will be discussed
briefly. The results revealed that Origa-
num vulgare L. in this investigation was
closely related with high identity and
similarity of 99.62% with 5 accessions of
Origanum genus and less than 99.62 -
96.97% with 49 accessions from 17 dif-
ferent genera belonging to the family La-
miaceae with E-value = Zero. On the oth-
er hand, it showed low similarities with
the other 5 different species (89.22%,
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89.77%, 90.55% and 89.20%) with Linum
usitatissimum (MG946893.1), Arabidopsis
thaliana (AB917053.1), Glycine max
(Z95552.1) and Chenopodium album
(JX848451.1), respectively with E-value =
Zero and 87.31% Triticum aestivum
(AY328025.1) with E-value = 2e-176 as
out group of the family Lamiaceae or La-
biatae. The Multiple Sequence Align-
ments (MSA) of nucleotide partial
rbcL gene from Origanum syriacum L.
subsp. sinaicum (current study) exhibited
high identity and similarity of 100.00% to
5 accessions with E-value = Zero. Moreo-
ver, Origanum syriacum subsp. Sinaicum
showed similarity less than 100.00-
97.37% with 49 accessions from 17 dif-
ferent genera belonging to the family La-
miaceae with E-value = Zero. On the oth-
er hand, it showed low similarities with
the other 5 different species (89.29%,
90.21% 90.99% and 89.66%) with Linum
usitatissimum (MG946893.1), Arabidopsis
thaliana (AB917053.1), Glycine max
(295552.1) and Chenopodium album
(JX848451.1), respectively with E-value =
Zero and 87.38% Triticum aestivum
(AY328025.1) with E-value = 5e-178 as
out group of the family Lamiaceae or La-
biatae. Based on these results, phylogenet-
ic relationships analyses enable us to
check the closest of species from 17 dif-
ferent genera belonging to the family La-
miaceae were conducted in MEGA 7.0
software program by Maximum Likeli-
hood (ML) tree with the highest log likeli-
hood (-2836.15) is shown (Kumar et al.,
2016). The phylogenetic tree was con-
structed based on the 60 amino acid se-

quences encoded from the rbcl gene that
have the highest percentages of similarity
with species from 17 different genera,
showing closely related species clustering
together from the family Lamiaceae and
they showed low percentages of similari-
ties towards relatively distantly related
species scattering with 5 different species
from families as out group of the family as
shown in Fig. (2).

Molecular phylogenetic analysis based
on sequences of maturase gene (matK)

Sequence homology of each nucle-
otide of the chloroplast 60 maturase gene
(matK) searches (Code 1 to 2) for Origa-
num species (current studies), (Code 3 to
6) for Origanum genus, (Code 7 to 10) for
Conradina genus, (Code 11 to13) for Dic-
erandra genus, (Code 14 to 17) for Mo-
narda genus, (Code 18 to 20) for Pycnan-
themum genus, (Code 21-23) for Bystro-
pogon genus, (Code 24 to 26) for Clino-
podium genus, (Code 27 to 29) for
Satureja genus, (Code 30 to 32) for Men-
tha genus, (Code 33 to 36) for Thymus
genus, (Code 37 to 39) for Agastache
genus, (Code 40 to 42) for Dracocepha-
lum  genus, (Code 43 to 46) for Nepeta
genus, (no. record) for genus Lepechinia,
(Code 47 to 49) for Prunella genus, (Code
50 to 53) for Rosmarinus genus, (Code 54
to 55) for Salvia genus and (Code 56 to
60) for 5 different species with Linum
usitatissimum (HM544115.1), Arabidopsis
thaliana (KM892769.1), Glycine max
(EF550007.1),  Chenopodium  album
(KX133100.1) and Triticum aestivum
(AF164405.1) as out group of the family
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were tested by top-scoring hits through
NCBI database using Basic Local Align-
ment Search Tool (BLASTn) as shown in
Table (2). The Multiple Sequence Align-
ments (MSA) of 60 maturase gene (matK)
were carried out between sequences of
selected nucleotide sequence with 17 dif-
ferent genera belonging to the family La-
miaceae or Labiatae available in GenBank
databases, which will be discussed briefly.
The results revealed that Origanum wvul-
gare L. in this investigation was closely
related with high identity and similarity
100.00% with four accessions of Origa-
num genus and less than 100.00% -
92.73% with 40 accessions with 17 differ-
ent genus belonging to the family Lami-
aceae with E-value = Zero. On the other
hand, it showed low similarities with the
other 5 different species with 71.02% Li-
num usitatissimum (HM544115.1) with E-
value = le-76, 75.68% Arabidopsis thali-
ana (KM892769.1) with E-value = 2e-
134, 74.46% Glycine max (EF550007.1)
with E-value = 3e-136 and 76.85% Che-
nopodium album (KX133100.1) with E-
value = 6e-85, 70.99% Triticum aestivum
(AF164405.1) with E-value = 1e-102 as
out group of the family Lamiaceae or La-
biatae. The Multiple Sequence Align-
ments (MSA) of nucleotide partial matu-
rase gene (MatK) from Origanum syri-
acum L. subsp. sinaicum (current study)
exhibited high identity and similarity of
100.00% to 4 accessions with E-value =
Zero. Moreover, Origanum syriacum L.
subsp. sinaicum showed similarity less
than 100.00-92.73% with 50 accessions of
17 different genera belonging to the fami-
ly Lamiaceae with E-value = Zero. On the

other hand, it showed low similarities with
the other five different species with
71.02% Linum usitatissimum
(HM544115.1) with E-value =le-76,
75.68 % Arabidopsis thaliana
(KM892769.1) with E-value =2e-134,
74.64% Glycine max (EF550007.1) with
E-value = 4¢ 142 and 76.81% Chenopodi-
um album (KX133100.1) with E-value =
2e-168 and 71.76% Triticum aestivum
(AF164405.1) with E-value = 2e-114 as
out group of the family Lamiaceae or La-
biatae. Based on these results, phylogenet-
ic relationships analyses enable us to
check the closest of species from 17 dif-
ferent genera belonging to the family La-
miaceae were conducted in MEGA 7.0
software program by Maximum Likeli-
hood (ML) tree with the highest log likeli-
hood (-5692.60) is shown (Kumar et al.,
2016). The phylogenetic tree was con-
structed based on the 60 amino acid se-
quences encoded from the matK gene
have the highest percentages of similarity
with species from 17 different genera,
showing closely related species clustering
together from the family Lamiaceae and
they showed low percentages of similari-
ties towards relatively distantly related
species scattering with 5 different species
from families as out group of the family as
shown in Fig. (3).

Primer universality and species
identification are two crucial criterions for
an ideal DNA barcode. The two DNA
barcodes showed high rates of amplifica-
tion and sequencing successes, among
which rbcL and matK genes had the best
performance of universality. Phylogenetic
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analysis using tree-based method is an
important approach to determine the DNA
region and evaluate its ability to verify
whether it can identify and detect species-
specific clusters of species from the same
genus. In this study, ML analysis pro-
duced phylogenetic tree with better resolu-
tion for all tested barcodes. Maximum
likelihood tree analysis was performed to
evaluate the discriminatory power of the
rbcL and matK genes.

Our data analyses were in agree-
ment for used two plastid markers as the
most rapidly evolving plastid coding re-
gions and it consistently showed high lev-
els of discrimination among angiosperm
species (CBOL Plant Working Group,
2009). and Theodoridis et al., (2012) test-
ed three cpDNA regions (matK, rbcL,
trnH-psbA) that were proposed by previ-
ous studies in Labiatae species. The effi-
cacy of a DNA barcoding approach as
clear evidences to the recognition of
commercial spices within the family La-
miaceae. Fazekas et al., (2008) and (2012)
examined the suitability of different lead-
ing candidate markers and proposed the
two-locus combination of matK and rbcL
as the core plant barcode could be im-
portant used supplementary marker in
appropriate cases. Other authors, Bafeel et
al., (2011) used universal matK primer for
matK as a barcode. The efficacy of a DNA
barcoding approach as clear evidences to
the recognition of commercial spices with-
in the family Lamiaceae (De Mattia et al.,
2011). Schori and Showalter (2011) ana-
lyzed 14 species from Labiatae in Paki-
stan and found that the rbcL, matK, pshA-

trnH loci, could serve as single-region
barcodes depending on plant to be identi-
fied, one region was preferred over the
other to aid in species identification.
Meanwhile, Bafeel et al., (2012) tested the
potential of the rbcL marker for the identi-
fication of wild plants belonging to di-
verse families of arid regions. Recently,
Federici et al., (2013) showed clear
amplification and sequencing 36 samples
of Thymus spp. using the molecular analy-
sis of the core barcode regions (matK and
rbcL) and the plastid intergenic spacer
trnH-psbA. For herbal plant identification,
matK, rbcL, trnH-psbA, ITS, trnL-F, 5S-
rRNA and 18S-rRNA have been used as
successful DNA barcodes by Mishra et
al., (2016). While, Parveen et al., (2016)
proposed that DNA barcoding as a means
to identify herbal ingredients and to detect
adulteration. However, general barcoding
techniques using universal primers have
been shown to provide mixed results with
regard to data accuracy. More recently,
Skuza et al., (2019) observed that nucleo-
tide sequences had a high variability with-
in matK and rbcL regions and the matK
region is suitable for differentiation and
discrimination between the studied species
in the genus Secale. In this study, our re-
sults indicated that two plastid regions
(rbcL and matK) could be a better choice
for barcoding with excellent primer uni-
versality. They could also help to under-
stand the relationships of co-occurring
species and the species assembly within
community when combining more infor-
mation including species abundance and
the functional traits of all the species in
the future.
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SUMMARY

Genus Origanum is one of the most
species-rich as medicinal plants and
pharmaceutically in the family Lamiaceae
for several multipurpose used, and thus it
is an endangered plant that needs a strict
conservation plan. This genus contains
many plants with medical uses, and thus
an objective identification method is ur-
gently needed. DNA barcoding is a sam-
ple fast technique at molecular level in the
field of identification, authentication, clas-
sification and differentiation between two
Origanum species and with other species.
The current investigation was conducted
to identify, discriminate and authenticate
Origanum vulgare L. and Origanum syri-
acum L. subsp. sinaicum using two chlo-
roplast genes (coding sequences) as the
most common DNA barcodes, ribulose 1,
S-biphosphate carboxylase large subunit
(rbcL) and maturase K (matK) genes. The
partial sequence length of rbcL gene of
two Origanum species were 528bp and
532bp with Origanum vulgare L.
(MT679150.1/QNJ99666), and Origanum
syriacum L. subsp. sinaicum
(MT679151.1/QNJ99667), and similarly
with matK gene were 745bp and 775 bp
with Origanum vulgare L.
(MT679152.1/QNJ99668), and Origanum
syriacum L., subsp. Sinaicum
(MT679153.1/QNJ99669),  respectively.
The alignments of the sequence chloro-
plast genes (rbcL and matK) were able to
distinguish two Origanum species under
study with high similarities and to the
closely related species of Origanum ge-
nus, other 17 genera belonging to family

Lamiaceae and take them away from five
plant species from different families as out
group of the family Lamiaceae. The ob-
tained results revealed that rbcL and matkK
genes nucleotide sequence isolated from
the two Origanum species in this investi-
gation showed high similarities and close-
ly related to NCBI recoded 17 genera be-
longing to the family Lamiaceae. Fur-
thermore, a phylogenetic tree analyses
were constructed based on amino acid
sequence of 60 rbcL and 60 matK genes
using MEGA 7 program by Maximum
Likelihood (ML) method with the highest
log likelihood (-2836.15) for rbcL gene
and (-5692.60) for matK gene.
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Table (1): Homology of nucleotide sequences for 60 selected accession lists and its related
Seql: Origanum vulgare L. and Seq2: Origanum syriacum L. subsp. sinaicum
for chloroplast, rbcL gene sequenced in this study, BLASTn top hits against

GenBank database, similarity score and GenBank accession no.

Similarity% (bp)
Family Lamiaceae | Scientific name of GenBa.nk *Q. syri-
Tribe: Mentheae Code  chloroplast rbcL gene Accession | *Origanum acum _
(length bp) No. vulgare | subsp. si-
naicum
1 :g;gg;‘”m vulgare MT679150.1 | - 99.62
2 :Si'cmi?scg‘;‘);;‘bm S IMTe79151.1 | 99.62
1. Genus Origa- |3 |Origanum sipyleum HQ902792.1 99.61 100.00
num 4 | Origanum vulgare MG224341.1 | 99.62 100.00
5 | Origanum majorana KX783936.1 99.62 100.00
6 |Origanum laevigatum MF349689.1 99.62 100.00
7 | Origanum vulgare MF694999.1 99.62 100.00
|8 |Conradina glabra KY765542.1 99.37 99.58
ﬁéGenus Conradi- I3 ¢ nradina grandiflora MG582632.1 | 99.23 99.23
10 | Conradina verticillata MH749055.1 99.24 99.62
) 11 |Dicerandra thinicola MG582633.1 98.84 99.23
2;;3?25 Dic- 12 | Dicerandra immaculate KY765541.1 98.93 99.15
13 | Dicerandra frutescens MG592699.1 98.84 99.23
14 |Monarda punctate MK526204.1 99.22 99.61
4. Genus Monarda |15 |Monarda punctate KY627431.1 99.23 99.62
16 |Monarda fistulosa MF349566.1 99.24 99.62
17 | Pycnanthemum incanum MG221861.1 99.23 99.62
5. Genus Pycnan- (18 |Pycnanthemum tenuifolium | MG223821.1 99.24 99.62
fremam 19 Zzﬁ'r}]a”them”m virgini- | \ViG224042.1 | 99.24 99.62
36;};;‘“5 BYstro- 1y | Bystropogon origanifolius | KJ595607.1 |  99.43 99.81
) 21 |Clinopodium vulgare HQ590041.1 99.43 99.81
gbg‘fﬁ:‘s Clino- b > ™ Clinopodium chinense FJ513146.1 99.43 99.81
23 | Clinopodium repens MH116120.1 99.43 99.81
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Satureja pilosa subsp. ori-

group)

. 24 ganita KR063652.1 99.05 99.44
8. Genus Satureja 5™ o5 reja Montana MF349309.1 | 99.05 99.44
26 |Satureja hortensis MG224422.1 99.05 99.44
27 | Mentha spicata KY400629.1 99.43 99.81
9. Genus Mentha 28 |Mentha Canadensis KC473279.1 99.43 99.81
29 |Mentha pulegium KY656718.1 99.43 99.81
30 | Thymus serpyllum KF997486.1 99.05 99.43
31 | Thymus pulegioides JN892334.1 99.03 99.42
32 | Thymus praecox MG221401.1 | 99.01 99.41
10. Genus Thymus |5 Thgmus zrucei MG221346.1 | 99.05 99.44
34 | Thymus vulgaris 737471.1 98.86 99.25
35 | Thymus vulgaris (IT) 737472.1 99.24 99.62
36 |Agastache rugosa FI513154.1 97.92 98.31
/ig " Stgré‘ﬁse 37 | Agastache foeniculum MG222708.1 | 97.92 98.31
38 | Agastache nepetoides MG222557.1 97.92 98.31
1. Genus Draco- 39 | Dracocephalum moldavica [ HM590077.1 96.97 97.37
cephalum 40 |Dracocephalum rupestr_e HQ839685.1 97.16 97.56
41 | Dracocephalum ruyschiana | KF307354.1 97.54 97.93
42 | Nepeta cataria MG946943.1 97.35 97.74
13. Genus Nepeta (43 |Nepeta bracteata MH998002.1 96.97 97.37
44 | Nepeta cataria MN601459.1 97.35 97.74
14. Genus Prunel- #5 |Prunella vulgaris MH116337.1 98.11 98.12
la 46 | Prunella grandiflora FR865137.1 97.28 97.28
7 | Lepechinia chamaedry- | )y 570387 1 | o811 98.50

15. Genus Lep- oides
echinia 48 | Lepechinia fragrans AY570388.1 98.11 98.50
49 | Lepechinia calycin AY570386.1 98.11 98.50
50 |Rosmarinus officinalis HE963635.1 98.62 99.02
:fr{u(s}enus ROSMa- 51 R osmarinus officinalis | HQ619754.1 | 98.67 99.06
52 | Rosmarinus officinalis KM360960.1 98.86 99.25
53 | Salvia deserta JQ933991.1 99.05 99.44
17. Genus Salvia [54 |Salvia fruticosa HM590078.1 99.05 99.44
55 |Salvia officinalis JQ934010.1 99.05 99.44
Family linaceae 56 Linum usitatissimum (Out MG946893.1 89.22 89.29

group)

lssan:ly Brassica- 57 grr(?f;()jopsm thaliana (Out AB917053.1 39,77 90.20
Family Fabaceae |58 | Glycine max(Out group) 795552.1 90.59 90.99
ﬁ]agélgeAmara”' 59 g;irgpodlum album (Out | yvesgasi1 | 89.20 89.66
Family Poaceae 50 Triticum aestivum (Out AY328025.1 8731 8738

Note:* Origanum vulgare L. and * Origanum syriacum L. subsp. sinaicum were used as current

study.
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Table (2): Homology of nucleotide sequences for 60 selected accession lists and its related
Seql: Origanum vulgare L. and Seq2: Origanum syriacum L. subsp. sinaicum
for chloroplast maturase gene (matK) sequenced in this study, BLAST top hits

against GenBank database, similarity score and accession no.

I
. . Scientific name of GenBank Similarity% (bp)
Family: Lamiaceae | . . *0. syri-
Tribe: Mentheae Codel  chloroplast matK gene Accession | *Qriganum acUM subs
) (length bp) No. vulgare T SUDSD.
sinaicum
|| Origanum vulgare MT679152.1 100.00
(745bp) ) ’
* i i-
2 naoi.c Zyn:'?%‘snll S;IbSp' S IMT679153.1 | 100.00
1- Genus Origa- P
num 3 |Origanum laevigatum MF350147.1 100.00 100.00
4 | Origanum majorana MN167195.1 99.87 99.87
5 | Origanum vulgare MN167194.1 100.00 100.00
6 |Origanum vulgare MK520369.1 100.00 100.00
7 | Conradina grandiflora KY607200.1 97.31 97.31
2. Genus Conradi- |8 |Conradina verticillata MH748917.1 97.58 97.61
na 9 |Conradina glabra KY607199.1 97.14 97.14
10 |Conradina canescens KJ772673.1 97.24 97.24
11 |Dicerandra christmanii KY607212.1 97.16 97.16
3. Genus Dic- - .
erandra 12 | Dicerandra cornutissima |KY607213.1 96.84 96.84
13 |Dicerandra immaculata |KY607214.1 97.14 97.14
f | TR TSNS s 1 || @nsg 97.68
mollis
4. Genus Monarda [15 |Monarda didyma MG224897.1 97.49 97.52
16 |Monarda clinopodia KP642819.1 97.36 97.40
17 | Monarda fistulosa MF350057.1 97.58 97.64
18 | Pycnanthemum albescens | MF350277.1 97.62 97.65
5. Genus Pycnan. [19 :%’ﬁﬂ]amhem“m VIRgIne I viGoasa71.1 | 97.64 97.66
20 | Pycnanthemum albescens | MH748968.1 97.71 97.74
21 |Bystropogon canariensis | GU381726.1 98.07 97.98
gbg}(f;“ls Bystro- 15> | Bystropogon origanifolius | GU381727.1 | 98.02 98.09
23 | Bystropogon origanifolius | GU381728.1 98.07 98.14
24 | Clinopodium vulgare KJ592905.1 97.79 97.81
7-G_enus Clino- )5 Clinopodium macro- MK601827.1 97 45 97 55
podium stemum
26 | Clinopodium wardii KX526681.1 97.79 97.82
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27 | Satureja horvatii KX954592.1 98.39 98.44
8. Genus Satureja |28 |Satureja subspicata KX954591.1 98.39 98.44
29 |Satureja Montana MF350242.1 98.31 98.34
30 | Mentha Canadensis JN407140.1 98.39 98.45
9. Genus Mentha |31 |Mentha spicata MN167204.1 98.52 98.58
32 | Mentha suaveolens LC126645.1 98.52 98.45
33 | Thymus decussatus MN972469.1 99.31 98.53
34 | Thymus longicaulis HE819415.1 99.13 98.31
10. Genus Thymus -
35 | Thymus vulgaris HE819430.1 99.27 98.45
36 | Thymus serpyllum MF350183.1 99.33 99.35
37 | Agastache nepetoides MK509382.1 95.38 95.44
/Lgé g;‘é‘ﬁz 38 ﬁgaStaChe scrophulariifo- | \ /509383 1 | 9537 95.43
39 | Agastache foeniculum AY840146.1 94.54 94.56
40 Ejﬁcocepha'”m parviflo- |\ 15200211 | 93.29 93.37
12. Genus Draco- -
ceptixlulr:ws 41 ar;‘:oce"ha'”m angutl- |\ 1k786820.1 | 92.73 92.73
42 | Dracocephalum forrestii | MF786791.1 93.36 93.36
43 | Nepeta x faassenii MF349917.1 93.96 94.04
44 | Nepeta italic HQ902725.1 94.63 94.55
13. Genus Nepeta -
45 | Nepeta cataria MG224812.1 93.69 93.67
46 | Nepeta bracteata MG946967.1 93.56 93.47
47 |Prunella vulgaris KX676737.1 95.55 94.85
|1:. Genus Prunel- | o™ o nella vulgaris KP402374.1 | 95.44 95.44
49 |Prunella vulgaris MF158707.1 95.20 94.56
éghi(n}?;us Lep- ---- | No record - -—-- -—--
50 |Salvia rosmarinus MF694874.1 95.34 94.61
16. Genus Rosma- |51 |Salvia rosmarinus KX783771.1 95.32 94.50
rinus 52 | Rosmarinus officinalis KP172065.1 95.41 94.55
53 | Rosmarinus officinalis FR719112.1 95.34 94.51
. 54 |Salvia rosmarinus MF349943.1 95.34 94.70
17. Genus Salvia - —
55 |Salvia officinalis KC473367.1 95.57 95.58
Family linaceae |56 |Linum usitatissimum HM544115.1 71.02 71.02
E:anéﬂy e Arabidopsis thaliana KM892769.1 75.68 75.68
Family Fabaceae |58 |Glycine max EF550007.1 74.46 74.64
;aégélgeAmara”' 59 | Chenopodium album KX133100.1 | 76.85 76.81
Family Poaceae |60 |Triticum aestivum AF164405.1 70.99 71.76

Note:* Origanum vulgare and * Origanum syriacum subsp. sinaicum were used as current study.
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Fig. (2): Molecular phylogenetic analyses involved 60 amino acid sequences of rbcL gene were
conducted in MEGA 7.0 software program by Maximum Likelihood method. The tree with
the highest log likelihood (-2836.15) is shown. Note: G1: Origanum species, G2: Con-
radina species, G3: Dicerandra species, G4: Monarda species, G5: Pycnant. Species, G6:
Bystropogon species, G7: Clinopodium species, G8: Satureja species, G9: Mentha species,
G10: Thymus species, G11: Agastache species,G12: Dracocephalum species, G13: Nepeta
species, G14: Prunella species, G15: Lepechinia species, G16: Rosmarinus species, G17:
Salvia species and 4 different species from different family as out group. F: family Lami-
aceae. Seql: Origanum vulgare L. and Seq2: Origanum syriacum L. subsp. sinaicum were
used as current study.
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M MN167195.1 Origanum majorana
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M MF350147.1 Origanum laevigatum
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L_ 9 AF164405.1 Triticum aestivam (Out group)
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Fig.(3): Molecular phylogenetic analysis involved 60 amino acid sequences of maturase gene
(matK) were conducted in MEGA 7.0 software program by Maximum Likelihood
method. The tree with the highest log likelihood (-5692.60) is shown. Note: G1: Origa-
num species, G2: Conradina species, G3: Dicerandra species, G4: Monarda species, G5:
Pycnant. Species, G6: Bystropogon species, G7: Clinopodium species, G8: Satureja spe-
cies, G9: Mentha species, G10: Thymus species, G11: Agastache species,G12: Draco-
cephalum species, G13: Nepeta species, G14: Prunella species, G15: Lepechinia species
(no. record), G16: Rosmarinus species, G17: Salvia species and 4 different species from
different family as out group. F: family Lamiaceae. Seql: Origanum vulgare L. and
Seq2: Origanum syriacum L. subsp. sinaicum were used as current study.
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P hosphorus (P) is one of the most
essential plant nutrients that signifi-

cantly influence overall plant growth
(Wang et al., 2009). It has an influence on
different key metabolic processes, like
development and division of plant cells,
energy transportation, signal transduction,
biosynthesis of macromolecular, photo-
synthesis, and plant respiration (Shenoy
and Kalagudi, 2005; Ahemad et al., 2009;
Khan et al., 2009). The environment does
not supply plants with soluble P. Primary
and secondary minerals and/or organic
compounds are therefore mainly the
source of P. The concentration of P in the
soil solution is much lower compared to
other nutrients and ranges from 0,001 to 1
mg / 1 (Brady and Weil, 2002). P-mineral
compounds generally contain aluminum
(Al), iron (Fe), manganese (Mn), and cal-
cium (Ca) and differ from soil to soil. For
example, P forms a complex in acid soils
with Al, Fe, and Mn, while it reacts very
strongly with Ca in alkaline soils. In all
conditions, however, the types of P soil
compounds are determined primarily

Egypt. J. Genet. Cytol., 49:213-223, July, 2020
Web Site (www.esg.net.eqg)

through soil pH and soil mineral type and
concentrations (Khan et al., 2014).

The P of phosphatic fertilizers or
manure reacts extremely strongly with soil
components and then becomes unavailable
to plants. The insoluble kinds of P like
tricalcium phosphate (Ca;PO,), aluminum
phosphate  (AlsPO,4), iron phosphate
(Fe;P0O,), etc. these forms can be convert-
ed into soluble Phosphate by Phosphate
solubilizing organisms in different soil
types (Gupta et al., 2007; Song et al.,
2008; Khan et al., 2013; Sharma et al.,
2013). Generally, soil microorganisms are
more efficient in supplying P by solubili-
zation to plants from both inorganic and
organic sources. (Toro, 2007; Wani et al.,
2007) and mineralization of complex
Phosphate compounds (Ponmurugan and
Gopi, 20006).

Plants encounter multiple biotic
threats and adverse environmental factors.
Pests, parasites, and pathogens have been
identified since ancient times as the cause

of biotic stress in plants. Two types of
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fungal parasites occur: Biotrophic fungi
are certain fungi that require nutritional
supplies  from living plants and
nectrotrophs which kill the plant using
toxins (Glazebrook, 2005). In combination
with bacteria, they can cause, among other
symptoms, vascular wilts, leaf spots, and
cankers and infect various parts of a plant
(Gimenez et al., 2018). Treating plant
fungal infection with chemical pesticides
harms human health and the environment.
Therefore, an environment-friendly and
cost-effective alternative are always re-
quired. Using fungi as biological control
agents (BCAs) is an attractive treatment to
substitute dangerous pesticides and deliver
a wide field application potential (Das and
Abdulhameed, 2020).

Built on their wide scope of disease
prevention and increase in yield, fungal
biological control agents are gaining much
acceptance (Kaur and Reddy, 2017). Non-
pathogenic and saprophytic fungi that
inhabit soil can support several crops as
they not only encourage development but
also guard them against diseases (Pandya
and Saraf, 2010) examples of such fungi
include the genera Aspergillus, Tricho-
derma, Penicillium Verticillium, and oth-
ers. Isolates of Aspergillus, Paecilomyces,
and Penicillium are known to have an
antagonistic effect on soil-borne patho-
gens in the rhizosphere of crops (Noveriza
and Quimio, 2004).

Our research aims to help crop
producers to increase their production by
the introduction of novel fungal treatment
with dual function to solubilize phosphate

in the soil and to protect plants from soil-
borne pathogens. The research will focus
on screening soil for phosphate solubiliz-
ing fungi and the evaluation of their abili-
ties. The obtained fungi could be used in
the production of ecofriendly biofertiliz-
ers. Using such fertilizers could increase
the profits of crop growers, reduce the use
of harmful chemical fertilizers, reduce
greenhouse gases emission, improving soil

quality, and reduce production costs.
MATERIALS AND METHODS
Collection of rhizosphere soil sample

The soil sample was collected from
the Agricultural Genetic Engineering Re-
search Institute field near the sorghum
rhizosphere. The sample comprised of soil
adhering to the roots of sorghum. The
sample was carefully shaken in plastic
bags to separate the soil from the sorghum
roots, and immediately transferred to a
cooler until arrival at the laboratory. The
sample was stored at 4°C for further anal-
ysis.

Isolation of phosphate-solubilizing fungi
(PSF)

Nearly 10 g of soil sample was
moved to a sterilized Erlenmeyer flask
having 90 mL of sterile distilled water.
The sample was shaken at 120 rpm for 60
min. Then, a series of 10-fold dilutions of
the suspension were prepared and 300 pL
was plated on Pikovskaya’s agar from
each dilution. Pikovskaya’s agar was
made from 10 g glucose, 0.2 g NaCl, 0.2 g
KCl, 05 g (NHy S04 0.1 g
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MgSO,4-7H,0, 0.0001g FeSO4 7H,0,
0.0001g MnSO,-7H,0, 0.5 g yeast extract,
and 18 g agar in 1000 mL of distilled wa-
ter, and 0.5% tricalcium phosphate as re-
calcitrant P source (Pikovskaya, 1948).
The phosphate solubilizing fungi (PSF)
was identified after eight days of incuba-
tion at 25°C by the existence of a clear
halo zone around fungal colonies. The
experiment was repeated three times.
Identified PSF was purified by repeated
culturing on potato dextrose agar (PDA) at
25°C. Microscopic examination was per-
formed with an Olympus-FSX100 Invert-

ed Microscope.
DNA extraction from fungi

DNA extraction of fungi was per-
formed following the method of Aamir et
al., (2015). The genomic DNA was ex-
tracted from fungal cultures grown in lig-
uid PDA for five days at 25°C. Fungal
mass was obtained by filtering the culture
broth by 10 ml syringes encompassing
glass wool to retain the fungal mass and
let the broth pass through. The fungal
mass was put in a 2ml tube containing
sterile glass beads and lysis buffer (50mM
EDTA, 100 mM Tris HCI [pHS8.0], 3%
SDS). Homogenization of fungal mass
was accomplished using the Tissue Lyser
IT homogenizer (Qiagen, Germany). The
fungal homogenate was centrifuged at
13,000 rpm for 10 min and the supernatant
was transferred to a new microcentrifuge
tube. 2 of RNase A (10mg/ml) was added
to the supernatant and incubated at 37°C
for 15 min. After that, an equal volume of
phenol:  chloroform: Isoamyl alcohol

(25:24:1) was added followed by centrifu-
gation at 13,000 rpm for 10 min. The up-
per layer was transferred to a fresh micro-
centrifuge tube. Next, an equal volume of
100% ethanol was added. After precipita-
tion at -20°C for 30 min, the tube was cen-
trifuged at 13,000 rpm for 10 min to pellet
down the DNA. The DNA pellet was
washed with 70% ethanol followed by
centrifugation at 12,000 rpm for 5 min.
The DNA pellets were air-dried and dis-
solved in sterilized ddH,O.

Amplification of fungi Internal Tran-
scribed Spacer region (ITS)

The ITS region of the nuc rRNA
gene was amplified with primers ITSI:
5'TCCGTAGGTGAACCTTGCGG-3" and
ITS4: 5'-TCCTCCGCTTATTGATATGC-3’
(Wang et al., 2018). Primers obtained in
the lyophilized state were centrifuged at
1000 rpm for 5 min, deionized nuclease-
free ddH,O was added by recommended
volume described in the primers sheet to
form a concentration of 100 uM, vortexed
thoroughly until complete resuspension
then primers dilution applied 1:10 to from
a regular PCR working concentration of
10 uM. Polymerase chain reactions (PCR)
were conducted using 20-uL reaction mix-
ture containing 0.5 pL of each primer (10
pmol/uL), 1.0 uL of genomic DNA (10
ng/uL), 8 uL of 2 x PCR Master Mix
buffer (0.05 pg/ul Taq polymerase, 4 mM
MgCl,, and 0.4 mM dNTPs), and 10 pL of
ultrapure sterile water. PCR cycling con-
ditions were as follows: one initial cycle
of denaturation at 94°C for 3 min, fol-
lowed by 34 cycles of 94°C for 30 s, 50°C
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for 30 s, and extension at 72°C for 45 s,
and a final extension for 5 min at 72°C.

Purification of the PCR product

ITS PCR product was purified us-
ing the AxyPrep™ DNA Gel extraction
kit (Cat. # AP-GX-50) according to manu-
factures instructions. PCR product was
transferred into a 1.5 ml microfuge tube,
then a three X sample volume of buffer
DE-A was added. Subsequently, Half X
buffer DE-A volume of buffer DE-B was
added and mixed well. An AxyPrep col-
umn was placed into a 2 ml microfuge
tube. Then, the mix was transferred into
the column, centrifuged at 12,000 xg for 1
min. The filtrate was discarded from the 2
ml microfuge tube and the AxyPrep col-
umn was returned to the 2 ml microfuge
tube and 500 pl of bufferW1 was added.
The mix was centrifuged at 12,000 xg for
30 sec. The filtrate was discarded from the
2 ml microfuge tube. The AxyPrep col-
umn was returned to the 2 ml microfuge
tube and 700 pl of buffer W2 was added,
centrifuged at 12,000 xg for 30 sec, then
the filtrate was discarded from 2 ml mi-
crofuge tube. The AxyPrep column was
placed back into the 2 ml microfuge tube,
centrifuged at 12,000 xg for 1 min to re-
move residuals of previous solutions. The
AxyPrep column was transferred into a
clean 1.5 ml microfuge tube. 30 pl of pre-
warmed deionized water (65°C) was add-
ed to the center of the membrane and in-
cubated for 5 min at room temperature for
the elution of DNA followed by centrifu-
gation at 12,000 xg for 1 min. DNA was
quantified using the absorption of light at

260 and 280 nm (A260/280) by Thermo
Scientific™ NanoDrop 2000. The sample
was sequenced in the forward direction by

Macrogen Inc. (Korea).

Bioinformatic analysis of DNA se-
quence

The raw sequence was proofread
and edited manually with BioEdit 7.0.9
(Hall, 1999). A homology search was per-
formed using The Basic Local Alignment
Search Tool (BLAST) against the Nation-
al Center for Biotechnology Information
(NCBI) database, USA
(http://www.ncbi.nlm.nih.gov) on the
DNA level. The edited sequence was
aligned using Clustal W (Thompson et al.,
1994) and adjusted manually as required.
Finally, a neighbor-joining (NJ) phyloge-
netic tree was constructed with the Ki-
mura 2-parameter model to calculate se-
quence divergence and subjected to 1000
bootstrap replications using MEGA 6.0
(Tamura et al., 2013), with gaps treated as
complete deletions.

Antagonistic effect of phosphate solubil-
izing fungi

Phosphate solubilizing fungi isolate
was checked for antagonistic effect
against two pathogens belonging to the
genus Fusarium (Fusarium solani and
Fusarium verticillioides). The pathogens
used in the present research were obtained
from the Molecular Microbiology Lab,
Agricultural Genetic Engineering Re-
search Institute (AGERI)/ARC, Egypt.
Two-disc plugs (0.5-cm diameter) of
pathogen and antagonist (4 days old cul-
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ture) were transferred respectively to a
single potato dextrose agar (PDA) plate
(9-cm diameter). The antagonist plug was
placed on the one side of the plate (about
2 cm from the edge of the plate towards
the center), while the pathogen plug was
placed at the other side of the plate oppo-
site to the antagonist plug leaving 5 cm
between the two plugs. A plug of the PDA
medium was used as a control treatment
while the pathogen plug was placed on the
other side. Three replications (two
plates/replicate) for each treatment were
made, and the plates were incubated at
28 +£2°C for 5 days.

RESULTS AND DISCUSSION

Isolation of phosphate solubilizing fungi
(PSF)

The formation of halo zones
around colonies on Pikovskaya’s medium
is an indication that the microorganism
has the phosphate-solubilizing capability.
In the present study, six fungal isolates
were isolated from a sorghum field, only
one showed phosphate solubilizing ca-
pacity by displaying a clear zone of dis-
solved phosphate in solid Pikovskaya’s
medium, which indicated that this isolate
is phosphate solubilizing fungi (PSF) ex-
hibited the desired P-solubilizing ability
(Fig. 1). The fungal isolate was named
AG-AO01. Microscopic examination of
fungi showed that it tends to form fila-
ments (hyphae) and conidial heads of the
organism to be globose and dark brown
and the spores are carbon black/dark

brown color.

Phosphate solubilizing fungi was
reported recently as an alternative strategy
for using rock phosphate (RP) in soil ferti-
lization (Wang et al., 2018). Rock phos-
phate has a direct application for applying
phosphate to the soil, but its effectiveness
is highly dependent on the soil type which
soil PH is the most important factor (Sulb-
aran et al., 2009). An alternative was the
use of microorganisms capable of solubil-
izing rock phosphate and of releasing sol-
uble phosphorous through organic acid
production, sugar chelating, pH reduction,
and enzyme production. Several reports
have shown that certain microorganisms
can solubilize insoluble phosphate rock
and release soluble phosphate. Fungi As-
pergillus was an effective phosphate solu-
bilizer among the microbes (Wang et al.,
2018; Adhikari and Pandey, 2019).

Identification and phylogenetic analysis
of the AG-A01 isolate

DNA was extracted from Fungi.
Then, the amplification of the selected
Internal Transcribed Spacer (ITS) region
resulted in a band with approximately 600
bp (Fig. 2) which is the expected size ac-
cording to the designed primers. THE
purified PCR product was sent to sequenc-
ing and the resulted sequence was com-
pared to sequences in the gene bank using
The Basic Local Alignment Search Tool
(BLAST) on the NCBI website. The iso-
late AG-A01 was identified as Aspergillus
niger with similarity 100% with Aspergil-
lus niger isolate WA-TKA small subunit
ribosomal RNA gene. Phylogenetic tree
analyses with bootstrapping of the partial
sequence (398 bp) of the fungi ITS region



218 ABD EL-HALIM H. M. et al.

suggested that this isolate was more close-
ly related to Aspergillus niger than any
Aspergillus group (Fig. 3). The AG-A01
isolate groups with Aspergillus niger with
strong statistical support and shares 100%

nucleotide sequence identity.

Antagonism effect of AG-A01 strain

The antagonism test showed clear-
ly that there was a significant reduction in
mycelial growth of tested pathogens after
the confrontation with Aspergillus niger-
isolate AG-AO1 (Fig. 4). The pathogens
Fusarium solani and Fusarium verticil-
lioides exhibited a similar reduction of
mycelium which reached nearly 99%.
This reduction could be explained for the
ability of Aspergillus niger to grow faster
than the two fungi and preventing even
their spores to grow and multiple. The
results of this test agreed with the findings
of many reports illustrated the role of As-
pergillus species in the biocontrol of plant
pathogens. For instance, Anwer et al.,
2017 who obtained an isolate from Asper-
gillus niger that can soluble phosphate and
act as a biocontrol agent. Ruangsanka,
(2014) stated that Aspergillus niger isolate
had the highest pathogen inhibition per-
centage (64%) against the devastating
soil-borne pathogen F. oxysporum. Asper-
gillus niger was also reported as a poten-
tial biocontrol agent for controlling fusari-
um wilt of tomato (Sharma et al., 2011).
In conclusion, in the current study, we
isolated an efficient phosphate solubiliz-
ing fungus which is also a strong biocon-
trol agent. Due to its several positive ef-
fects, the Aspergillus niger isolate has the

potential to be developed as a commercial
product which can increase crop nutrient

uptake and, hence increasing their yield.
SUMMARY

Phosphorus (P) is one of the most
important plant nutrients that greatly af-
fect overall plant growth. P-mineral al-
ways presents in soil with the insoluble
condition. Phosphate compounds general-
ly contain aluminum (Al), iron (Fe), man-
ganese (Mn), and calcium (Ca) which vary
according to soil type. Phosphate solubil-
izing fungi play a major role in rising soil
phosphate bioavailability for plants by
realizing phosphate from its compounds.
The present study was aimed to isolate
and characterize phosphate solubilizing
fungi from Egyptian soil using a solid
Pikovskaya (PVK) medium. In total, 6
fungal isolates were able to grow on
Pikovskaya (PVK) medium but only one
isolate (AG-AO1) showed phosphate-
solubilizing capacity. DNA was extracted
from the isolate followed by amplification
of selected Internal Transcribed Spacer
(ITS) region and DNA sequencing. After
analyzing the DNA sequence, the isolate
AG-A01 was identified as Aspergillus
niger. The fungal isolate also displayed an
antagonism effect against two plant path-
ogens (Fusarium solani and Fusarium
verticillioides). Thus, we consider this
fungal isolate as a promising tool for the
development of an efficient bio-fertilizer
for the plant which has the potential to
protect plants from pathogens especially

fusarium species.
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?

Fig. (1): (A) phosphate solubilizing fungi screening plate (B) Isolate AG-A01 clear zone of
dissolved phosphate in solid Pikovskaya’s medium (Picture from the back of the
plate), (C) Microscopic Examination of fungal isolate.

750 bp
500 bp

Fig. (2): PCR product of Fungi ITS region
Lane 1 and 2 are the same.
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Fig. (3): Phylogenetic tree for ITS sequence of isolate AG-A01. The NJ phylogram was inferred from
partial ITS sequence data. Bootstrap percentages of >70% derived from 1000 replicates are indicated
at the nodes. Bar = 0.0050 substitutions per nucleotide position.

Fig. (4): Dual culture assay. (A) Fusarium solani growing on PDA (B) Fusarium solani and As-
pergillus niger growing on PDA (C) Fusarium verticillioides growing on PDA (D)
Fusarium solani and Aspergillus niger growing on PDA
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S tevia rebaudiana is an important
source of active natural compounds,
especially steviol glycosides that are pre-
sent mainly in the leaves (Modi and Ku-
mar, 2018). Recently, stevia leaves has
attracted economic interest as a new
promising sweet-tasting calorie-free bo-
tanical food stuffs on the world market for
their content of protein, antioxidant com-
pounds, vitamins ,minerals, pigments,
inorganic constituents and steviol glyco-
sides that used as a sugar substitute or
dietary supplements (Singh et al., 2019). It
has become well known not only for its
sweetness but also for offering to biologi-
cal properties and therapeutic benefits,
where have shown activity in cancer pre-
vention, as well as anti-diabetic, anti-
obesity, anti-hyperglycemic, anti-
hypertensive, anti-inflammatory, antibac-
terial or immunomodulatory, anti-
diarrheal, and diuretic effect (Tadhani and
Subhash 2006; Barriocanal et al., 2008
and Bernal et al., 2011). The leaves con-
tain several steviol glycosides, which dif-
fer in chemical structure characteristics
and sweetening properties up to 250-300
times sweetening potency that of sucrose.
The major constituent being stevioside
and rebaudioside A are constituting about

Egypt. J. Genet. Cytol., 49:225-243, July, 2020
Web Site (www.esg.net.eqg)

50% of the total glycosides and other
minor amounts of rebaudiosides B, C, D,
E, F, dulcoside A and steviolbioside
(Bergs et al.,, 2012 and Prakash et al.,
2014).

Hence, there is a need to replace
sugar with low-calorie stevia sweeteners
as a natural plant source which will im-
prove of the products nutritional and the
cultivation of S. rebaudiana Bertoni has
successfully expanded to several countries
(Siczlabur et al., 2013 and Singh et al.,
2019). Therefore, in vitro propagation or
plant tissue culture appears as an alterna-
tive technique for rapid multiplication of
stevia within a short period of time and
can be improved a quality and quantity of
planting (Das et al., 2005). Also, a large
number of genetically similar or genetic
improvement and disease-free plantlets
can be obtained with higher levels of the
sweetening compounds, larger foliar mass,
and resistance to drought through direct
organogenesis of in vitro propagation
(Dhananjay and Deshpande, 2005).

Stevia rebaudiana can be propa-
gated by two ways seeds and stem cut-
tings. But, seeds propagation have many
problems like very small in size, low fer-
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tility, self-incompatibility, poor germina-
tion and heterogeneity, which subsequent-
ly change the level and structure of steviol
glycoside (Sivaram and Mukundan, 2003
and Abdullateef et al., 2012). Also, prop-
agation by stem cutting has many prob-
lems like low frequency of shoot occur-
rence and physical damage of the mother
plant (Yadav et al., 2011). Therefore, in
vitro culture was perfect useful tool for S.
rebaudiana mass clonal propagation
(Ramirez-Mosqueda and Iglesias-Andreu,
2015). Plant tissue culture as an important
tool for the continuous production of ac-
tive compounds including secondary me-
tabolites and engineered molecules (Kad-
himi et al., 2014). Similarly, in order to
obtain homogeneous and highly vigorous
plants in a short time, plant scientists are
concentrating on developing optimal pro-
tocols for stevia species with industrial
and medicinal importance. This can re-
duce the time, costs, rapid production, and
scalability compared to those offered by
alternative sources. The morphogenesis
response seems to be highly dependent
plant growth regulators used in the media,
which is again cultivar and genotypic spe-
cific.

However, many studies examining
the development of optimum protocols for
the propagation in a short period (Depuydt
and Hardtke, 2011; Razak et al., 2014 and
Blinstrubiené et al., 2020) and total phe-
nolic content and antioxidant activities
(Roberts and Renwick, 2008), of S. re-
baudiana in vitro. Also, some studies are
focusing on the steviol glycosides content
under the optimal light in vitro grown S.

rebaudiana plants (Bondarev et al., 2001;
and Ladygin et al., 2008) to improve
physiology and medicinal properties in
leaves. As the Joint FAO/WHO Expert
Committee on Food Additive (JECFA)
and Food and Drug Administration have
approved rebaudioside-A  with purity
>95% and accepted daily intake (ADI) of
stevioside up to 5.0 mg kg-1 body weight.
Further research and development need to
be carried out to improved stevia varieties
with higher yield and quality through
plant breeding methods and biotechnolog-
ical approaches The purpose of this re-
search was established an efficient regen-
eration protocol for enhance of steviol
glycoside compounds as quality with im-
proving productivity of stevia yield and
evaluate the possible suitability of this
technique to be applied to rapid produc-
tion of selected plants.

MATERIAL AND METHODS
Explant source

Stevia rebaudiana plant namely
Spanti was obtained from Sugar Crops
Research Institute, Agricultural research
center, (ARC). Under aseptic conditions in
laminar airflow cabinet at Gene Transfer
Laboratory (GTL), Agriculture Genetic
Engineering Research Institute (AGERI),
healthy young plants were collected from
green house and washed under running tap
water for 15 minutes. Thereafter, the ex-
plants were sterilized with 70 % (v/v) eth-
anol alcohol for a few second and then by
5% Clorox for 5 min. Explants were

washed with sterile distilled water three
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times, followed by 0.1% (w/v) mercuric
chloride (HgC),) for another 5 minutes and
rinsed with sterile distilled water three

times.
In vitro studies

The young leaves and hypo-
cotyl as explants were cut into
pieces of 2x2 cm then cultured on
different MS medium on three
stages to select the best media for
callus, shoot and root formation.

These stages were as follows:

1. Callus induction stage

The explants were cultured on MS
medium (Murashige and Skoog, 1962)
containing different concentration and
combination of plant growth regulators
(PGRs) Naphthaleneacetic acid (NAA),
2,4-Dicholorophenoxy acetic acid (2,4-D)
and 6- Benzylaminopurine (BAP) as spec-
ified in Table (1). All media were with
sucrose (30 gm/l) and solidified with agar
(8 gm/l) then adjusted pH wvalue to
5.75+0.05 before autoclaving at 121°C for
20 min. Parameters callus biomass was
investigated as described by Nosov (2011)
on intervals for period of 30 days after
culturing and incubating in growth cham-
ber at 27+2°C. The experiments were per-

formed in triplicate.

2. Differentiation shoot stage

Callus was transferred on MS me-
dium containing different concentrations
of BAP (0.5, 1.0, 1.5, 2.0, 2.5 or 3 mg/l)

3. Root formation stage

Differentiated shoots were trans-
ferred to MS supplemented with 1.0 mg/I
of indole-3-butyric acid (IBA).

Effects of light and dark on productive-
ly and quality callus

From the above biomass, the best
media were selected to be applied to get
healthy callus with steviol glycosides. The
cultures were divided into two groups
Group was maintained under 18hrs light
(18 hrs light/6 dark) and other group under
dark conditions.

Extraction of steviol glycosides

One gram of callus from each cul-
ture medium was macerated in three times
20 ml of MeoH 80% using shaker (Type
U850. US). Each maceration stage was
constant for 30 minutes for complete ex-
traction. Macerates were filtered and col-
lected then completed to known volume
with 80% MeoH. The extract was passed
through active charcoal for clarifying and
kept until further analysis.

Evaluate of total steviol glycoside

Steviol glycosides were analyzed
according to (Vanek et al., 2001) using
high-performance liquid chromatography
(Agilent 1200, Agilent, Germany). The
extract of steviol glycosides was separated
on a reversed phase an Zorbax (NH,) col-
umn (4.6x250 mm, 5 pm) with a mobile
phase consisting of acetonitrile: water (84
1 70 v/v), pH 2.7 adjusted with H;PO,, at a
flow rate 2 ml/min with ambient tempera-
ture (25°C). Steviol glycosides were de-
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tected at the wavelength of UV detector,
210 nm and compared with those obtained
for pure standards of stevioside (ST), re-
baudioside A (RA) and steviolbioside

(stb) by means of retention time.
Acclimatization stage

Initially rooted plantlets were well
washed in distilled water to remove the
agar after pulled out gradually from the
media. After sufficient roots were devel-
opment, plantlets were subjected to hard-
ening using two strategies, i.e. plastic pots
with glass cover or Hoagland solution

technique (hydroponic culture).
Hydroponic culture

As described by Hoagland and Ar-
non (1950), plants were transferred to
Hoagland solution culture (company
name). Topsin (0.5gm/l) was the fungicide
that used to prevent fungal disses and air
pump used for gas exchange.

Adaptation in soil

It is important to mentioned two
important points, the first one that stevia
plants which transplanted to a pots cov-
ered either with glass or plastic cover to
keep humidity, and the second that accli-
matization stage placed in growth room
and then acclimatized plants transfer to
green house after three weeks. Stevia
plantlets were acclimatized by culturing
plantlets in pots contain beat moss, sand
and perlite (1:1:1). Topsin was added im-
mediately after planting and regularly
irrigated with topsine. Disper root® in a
concentration of 0.5gm/l was used to
stimulate root development. Plants were
covered either by plastic phytacone or

glass jars and incubated at growth room at
28°C for one month.

Statistical Analysis

The treatment means were com-
pared using Duncan’s Multiple Range
Test (DMRT) at a 5% probability level
according to Gomez and Gomez (1984).

RESULTS AND DISCUSSION

Production of stevia is performed
by stem cuttings which requires high la-
boratory potential or seeds that have a
weak germination rate which limit the
large-scale cultivation of stevia (Goette-
moeller and Ching, 1999). Therefore, tis-
sue culture is an alternative way for solv-
ing the limitation of stevia propagation. In
vitro micro propagation from shoot tip and
leaf explant has been reported (Uddin et
al., 2006). Murmu et al., (2016) developed
an appropriate and faster protocol for Ste-
via rebaudiana Bertoni clonal propagation
through callus and shoot culture. Taak et
al., (2020) optimize the best PGRs combi-
nation and concentration for shoot-
induction, shoot-elongation and root-
induction for stevia plant.

Callus formation

Two explants i.e., young leaves
and hypocotyl segments of stevia were
examined for their callus formation and
proliferation ability on five different me-
dia No.1-5 (Table.1) Results showed that
there were significant differences among
all media with control; except medium
contain only 2,4-D which young leaf ex-
plants failed to form any callus, while, the
maximum callus initiation (100%) ob-
tained from young leaf explants on 0.5
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mg/l NAA. The lowest percentage of cal-
lus initiation (zero and 47.5%) obtained
from hormone free medium and medium
with 0.5 mg/l 2,4-D and 1.5 mg/l NAA,
respectively (Fig.la). Mathur and Shek-
hawat (2013) reported that development of
callus didn’t occur on medium without
growth  regulators  (PGRs).  While,
Keshvari, et al., (2018) showed that con-
trol without PGRs, had little calli which
indicating the high reaction of stevia ex-
plants for callus production under aseptic
in vitro conditions. In the case of callus
developed from hypocotyl explants, the
best callus formation (92.5%), was on
media containing 2,4-D and NAA at con-
centration of 1.0 and 2.0 mg/l respective-
ly. However, MS medium with only 2,4-D
gave the lowest percentage of callus cul-
ture. (Fig.1b). Callus induction from hy-
pocotyl explant reveled low response
(30%) on the higher concentrations of 2,4-
D (2 mg/l) and in the absence of NAA.

On the other hand to enhance cal-
lus formation from young leaf explants
three other media were examined (No. 6-
8, Table.1) in addition to the previous five
media. Results showed that the young leaf
explants couldn't develop callus in the
absence of NAA. Medium containing 1.0
mg/l NAA revealed 95% regeneration
efficiency and highest weight of callus
(0.35gm) followed by medium with 1mg /I
BAP and 1 mg /1 2,4-D ( 0.16 gm) after 4
weeks. Statistical analysis confirmed sig-
nificant differences among all media un-
der study (Fig. 2). Metry et al., (2003)
were established in vitro propagation sys-
tem for S. rebaudiana using nodal cutting

as an explant and MS medium supple-
mented with different combinations of
PGRs. They found that callus formation
obtained in the presence of auxin either
NAA with BA or IAA with BA. Abd El-
Motaleb et al., (2015) cultured leaves and
nodal segment explants of S. rebaudiana
plant on MS medium supplemented with
different concentrations of 2,4-D (0.0, 0.5,
1.0, 2.0 and 4.0 mg/l), they found that the
highest amount of callus was found on
medium with 2.0 mg/l 2,4-D while, medi-
um with 4.0 mg/l 2,4-D given the poorest
callus, indicating that the higher concen-
tration was not appropriate for callus initi-
ation. Murmu et al. (2016) found that the
best calluses induction on medium contain
2,4-D and NAA (100%) was (0.5 +1.5
mg/l) when using young, leaf and nodal
segments explant. Taak et al., (2020)
found that callus formation and maximum
callus induction was achieved on medium
containing 2 mg/l 2,4-D and 1 mg/l Kinet-
in with leaf disc explants as 80% of cal-
lus formation was achieved with leaf seg-
ments comparing to 60% with nodal, they
also found that leaf discs were the most
efficient for callus formation comparing

with shoot tips segments.
Differentiation shoot stage

Obtained callus from different ex-
plants were cultured on different concen-
tration of BAP in order to differentiate
into shoots. Callus developed from hypo-
cotyl failed to differentiate, while callus
resulting from young leaf explants suc-
ceeded in differentiate and giving multiple
shoots. Medium with 2.5 mg/l BAP re-
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vealed highest percentage of callus differ-
entiation (24%) among all treatments (Fig.
3), it was also the best in terms of the
number of branches resulting from the
callus. This data is agreement with the
result has been previously obtained by
Murmu et al., (2016) who found that op-
timal stevia shoot initiation was observed
on MS medium supplemented with (0.5-
2.0 mg/l) BAP.

Root formation

The obtained shoots were then
transferred to MS medium with 1.0 mg/l
IBA for root formation, all shoots were
produced roots. Metry et al., (2003) found
that MS medium supplemented with 0.01
mg/l IBA with 10 mg/l GA3 and STS was
the best medium for stevia root formation.
Verma et al., (2011) found that higher
concentration of IBA (2.0 mg/l) gave
highest root formation (69.76%) and early
root initiation (7.1 days). Noordin et al.,
(2012) illustrated that increasing of IBA
concentration  gradually decreased root
induction as 0.25 mg/l IBA showed the
best effect in promoting root formation
comparing with different concentrations
of IBA ranging from 0, 0.25, 0.5, 1.0 and
1.25 mg/l. Our results is consistent with
the results of Abdul Razak et al., (2014)
and Murmu et al., (2016) that showed 1.0
mg/l IBA was the superior concentration
for root induction in stevia plant. Moreo-
ver, Attaya (2017) showed that the opti-
mum root growth root growth with (76.6
%) root formation was observed using 1.0
mg/l IBA on half strength MS medium.

Regeneration steps start from the callus
formation until reaching the root for-

mation stage was illustrated in Fig. (4).

Identification and quantitative analysis
of steviol glycoside compounds by
HPLC in stevia leaves extract.

In this investigation, the different
concentrations and combination of NAA,
2,4-D and BAP have positive effect on
total biomass and steviol glycoside con-
tent in S. rebaudiana cv. Spanti in vitro.
The combination with NAA, or BAP and
2,4-D effects in MS medium on steviol
glycoside compounds in stevia callus un-
der in vitro condition determined with
HPLC analysis. The concentration of ste-
viol glycosides were calculated as percent
of total area while the concentration of
stevioside (ST) and rebaudioside A (RA)
were calculated as weigh percent of the
callus. Results showed that the steviol
glycosides were affected by both type and
concentration of hormone in the medium.
It can be concluded that steviol glycoside
in supplemented medium were higher than
that in mother leaves or MS free hormone
(Fig. 5 and Table 2). The average ST and
RA values in mother leaves were lower
than in other media. This result is in
agreement with Hsing et al., (1983), who
reported that stevioside content in callus
was 16.24% which it was two and four
times higher than that in the leaf and
flowers of the same plant. However, the
steviol glycoside content in callus cultures
might even be twice as high as in stevia
leaves (Luwanska et al., 2015 and Pandey
et al., 2016). According to Nazishb et al.,
(2013), the addition of BA alone into the
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MS-medium influences the steviosides
content (30.89 pg/g-DW to 63.77 pg/g-
DW). The range of stevioside content was
from 8.38 to 49.21 mg /g the highest was
in callus cultured on MS medium supple-
mented with 1 mg/l NAA followed by MS
medium supplemented with 0.5 mg/l BAP
and 1.5 mg/l 2,4-D and similar to that of
MS medium supplemented with 1 mg/l
BAP and 1 mg/l 2,4-D (Fig. 5). Such in-
crease may be attributed to the combina-
tion of phytohormones in vitro culture.
The studies of Bondarev et al., (2003),
Luwanska et al., (2015) and Pazuki et al.,
(2019) indicated that the presence of
PGRs improve and regulate biochemical
processes in plant, provide accurate
growth and cell division in vitro culture
and influenced on the amount of steviol
glycoside (SvGls) profile when the addi-
tion of combination of these PGRs in me-
dia. Rebaudioside A as a high potency
sweetener has a better quality of sweet-
ness than stevioside which has a bitter
aftertaste character that makes it difficult
to use in many foods. Stevioside is 140
times sweeter than sucrose, while rebau-
dioside is 240 times sweeter (Prakash et
al., 2008). It can be noticed that the a
higher RA content (24.22 mg/gm) was
obtained in MS medium containing of 1
mg/l BAP and 1 mg/l 2,4-D. The biosyn-
thesis of steviol glycosides in stevia cell
cultures depends to greater extent on gen-
otypic of cell strain and composition or
concentration of components of the nutri-
ent medium (Bondarev et al., 2019 and
Blinstrubien¢ et al., 2020). It can be con-
cluded that the differential of steviol gly-
coside concentration under all applied

conditions may be related to metabolic
shift to the methylerythritol phosphate
pathway (MEP) in order to synthesize the
chlorophyll phytophilic chain and then
production of steviol glycosides, starting
from the induction of ent-kaurenoic acid
hydroxylase (KAH) activity in green ste-
via roots (Libik-Konieczny et al., 2020).
Blinstrubiené et al., (2020) recorded varia-
tions in the steviol glycosides, bioactive
compounds and antioxidant activity of the
cellular compounds of callus from the leaf
and stem explants when they studied that
addition 2.0 uM NAA and 5.0 uM proline
in media on their yield and quality charac-
teristics. The literature also provides In
vitro plant tissue culture offers a probabil-
ity of generating plant material containing
a great level of stable selected secondary
metabolites as SGs (Ramakrishna and
Ravishankar 2011; Hussain et al., 2012
and Konieczny et al., 2020). Also, an in-
crease in RA/ST ratio was summarized in
Fig. (5). Tabulated data indicated that the
RA / ST ratio was increased with increas-
ing BAP concentration from 0.5 to Img/l
in MS medium to 0.856 and 1.33 respec-
tively and the lowest rate (0.12) was rec-
orded in mother leaves while MS medium
containingl mg/l NAA was recorded 0.435
.Development of S. rebaudiana variety
with a higher of RA and a reduced stevio-
side is the main aim of plant breeders for
the improvement and utilization of this
source of natural sweeteners. Therefore, it
can be selected to investigate the effects of
photoperiod on steviol glycoside com-
pounds in MS medium containing 1mg/1
BA and 1mg/l 2,4-D and MS medium
containing 1mg/l NAA.
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Effect of photoperiod (light: dark) on
steviol glycoside compounds

As the objective of the present
study was to improve the quality of
leaves, it was necessary to study the effect
of photoperiod for 18 hrs light and 24 hrs
dark on steviol glycoside compounds.
From the suggested combination media
two were selected to be exposed to 18 hrs
light and 24 hrs dark photoperiod. Differ-
ences in steviol glycosides percent have
been shown in Table (2) and Figs. (6 and
7). Light encouraged on production of
high amount and different steviol glyco-
sides component in callus. MS medium
supplemented with 1 mg/l BAP and 1mg /
1 2,4-D was more appropriate medium
than MS for stevia callus production. Ste-
vioside concentration as area % was con-
siderably higher in MS medium supple-
mented with Img/l NAA under dark
(86.76%), compared to the MS medium
containing 1 mg/l BAP and 1mg /1 2,4-D
(52.94%). Medium under light observed
increase in area % of rebaudioside C , A
and E than in under dark which showed
more intense lingering sweetness than
sucrose (Tao and Cho, 2020). Similar pat-
terns of steviol glycoside increase for ste-
violbioside RA, and RE were found in MS
medium supplemented with 1 mg/l BAP
and Img /1 2,4-D (Fig.7) than Img/l NAA
(Fig. 6). Light with an intensity of 8 Wt
m-2 at 25 C and about 70% air humidity
was shown to activate the SGs in callus
about two times higher of SGs (Yoneda et
al., 2018 and Bondarev et al., 2019). Li-
bik-Konieczny et al., (2020) stated that

culture conditions and the type of stress
factor led to changes in the morphology
and an increase in oxidative stress mani-
fested as an enhancement in endogenous
hydrogen peroxide concentration in the
cultured samples under light or in the me-
dium with the highest osmotic potential as
well as the increase in the expression level
of ent-kaurenoic acid hydroxylase, re-
sponsible for the redirection of metabolic
route to steviol glygoside biosynthesis
pathway. The approved measure of sweet-
ness quality is the ratio of RA/ ST. Under
the photoperiod, this media gave high RA
/ST ratio in light (1.33) than in dark
(0.94). Medium MS containing BAP at 1
mg/l and 2,4-D at 1 mg/l under 18 hrs
light gave good results in composition and
rates of steviol glycoside. Furthermore,
the sweetness intensity rate was found to
be about 1.43 times sweeter than MS me-
dium containing NAA at 1mg/I as sucrose
equivalent that it had the highest weight of

callus.
3-Acclimatization stage

Two methods have been tested, and
the rooted shoots were transferred into
aquarium containing Hoagland solution
and/or in pots containing soil. The plant-
lets that acclimatized under Hoagland
solution couldn’t survive. On the other
hand, the acclimatization under soil condi-
tion was successes as the plantlets sur-
vived with a percentage of 64%. It was
observed that the thickness of stem played
a role in acclimatization success. Results
showed that the glass cover is better than
plastic one as all plantlets under plastic
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cover are died, while, the plantlets under
glass cover survived (Fig. 8). Metry et al.,
(2003) illustrated that the percentage of
stevia survived plantlets ranged from 20 to
80% and sand-peat moss was the best pot-
ting medium at 50% (v/v). Verma et al.,
(2011), optimize a protocol for Stevia re-
baudiana Bertoni regeneration and accli-
matization. They found that transfer plant-
lets to glass jar with polypropylene (PP)
caps were better that plastic pots with pol-
ythene cover, as plantlets with glass jar
appropriate relative humidity with high
success during acclimatization. Razak et
al., (2014) illustrate that during acclimati-
zation, transparent polythene can improve
the survival plants as it control the hu-
midity and can help in adaptation of the
plants into new environment. They also
showed that the plastic covering was es-
sential for the successful plant acclimati-

zation.
Conclusion

An efficient regeneration protocol
for S. Rebaudiana (Spanti) was estab-
lished in this study. From the aforemen-
tioned results, it can be concluded that
young leaves as explants, for callus induc-
tion, were better than hypocotyl. BAP
with concentration 2.5 mg/l was best con-
dition for stevia regeneration and 1.0 mg/I
IBA was the best for successful rooting.
Medium supplemented with 2,4-D and
BAP gave good results in steviol glyco-
side components and increased in rebau-
dioside A content with high rate RA/ST.
MS media supplement with NAA(1mg/l)
was the best for callus weight, acclimati-
zation and adaptation in soil.

SUMMARY

Nowadays, Stevia rebaudiana
leaves have attracted economic interest as
a natural non-nutritive, non-toxic, high-
intensity sweeteners as well as its thera-
peutic benefits. The aim of the study was
established an efficient regeneration pro-
tocol to improve stevia's sweetness with
enhancing productivity of stevia leaves
as well as to evaluate the possible suitabil-
ity of this technique to be applied to rapid
production. The young leaves and hypo-
cotyl of Stevia rebaudiana namely Spanti
explants were cultured on a MS medium
supplemented with different concentra-
tions and combination of NAA, 2,4-D and
BAP as plant growth regulators. The re-
sults showed that leaf explants obtained
highest callus formation (100%) on MS
medium supplemented with 0.5 mg/l NAA
while callus formation from hypocotyl
explants was (92.5%) on MS medium
contains 1.0 mg/l 2,4-D and 2.0 mg/l
NAA. Callus derived hypocotyl failed to
differentiate, while callus resulting from
young leaf explants were differentiated
into shoots on MS medium supplemented
with 2.5 mg/l BAP. MS containing 1 mg/1
BAP andl mg/l 2,4D showed best results
in steviol glycoside components and high
rebaudioside A (RA) (24.22 mg/g callus)
yield comparing with other used media
under inoculation for 18 hrs light. Also
this media gave the high rate of RA over
stevioside (1.33) as an indicator of leaves
quality with the sweetness intensity rate
1.43 times sweeter than MS medium con-

taining 1mg/l NAA as sucrose equivalent
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under the same experimental conditions.
Medium with 1.0 mg/l IBA was suitable
for rooting stevia shoots. Plantlets were
acclimatized by 64% in the soil contain
beat moss, sand and perlite (1:1:1) under
controlled chamber at 28°C for one month

which transferred to the green house.

Key words: Non-nutritive, callus formation,
hypocotyl explants, steviol gly-
coside.
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Table (1): Different concentration and combination of PGRs for callus induction.

Medium No. MS NAA mg/l BAP mg/1 2,4-D mg/1
Control + - - -
1 + 0.5 - -
2 + - - 2.0
3 + 1.0 - 1.0
4 + 2.0 - 1.0
5 + 1.5 - 0.5
6 + 1.0 - -
7 + - 1.0 1.0
8 + - 0.5 1.5

Table (2): Steviol glycoside compounds identified by HPLC in stevia callus and fresh

leaves.

Compounds Media

Concentra-

tion Fresh MS + 1 mg/l BA+ 1

mg mg
as Area% leaves MS MS + Img/l NAA 124D

Light Light Dark Light Dark

Steviolbio- ] 5.86 ; ; 11.43 0

side

Stevioside 45.09 91.03 36.91 86.76 18.54 52.94

Rebaudi- 33.00 ; 40.05 ] 0 22.39

oside C

R 3.11 - 9.03 5.61 28.13 2.40

oside A

Rebaudi- 4.60 ; 451 6.64 2281 ]

oside E

Unkown 3.86 3.860 2.12 ] 15.37 ]

coumpounds
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Fig. (3): Effect of BAP (mg/l) on shoot proliferation from calli explant
regenerated from young leaf.
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Fig. (4): Regeneration of Stevia rebaudiana.
A: Callus production after 3 weeks of leaf explants on MS medium with 1 mg/l NAA
B & C: Differentiated callus into shoot formation
D :Shoots regeneration from calli explant on MS supplemented with 2.5 mg/l BAP,
E :Root formation on MS with 1.0 mg/l IBA,
F :Will rooted stevia plants
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Fig. (5): The Effect of NAA, BAP and 2,4-D in MS medium on the content of
stevioside(ST) ,rabudiosideA(RA) and RA/ST rate compounds.
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Fig. (8): Acclimatization stages for stevia plantlets under soil condition.
A: stevia plantlets with glass cover under growth room conditions,
B&C: stevia plantlets will survive when transplant to green house after three weeks.
D&E&F: well acclimatized stevia plant in green house.
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J ojoba (Simmondsia chinensis) is a
dioecious shrub, native to the south-
western United States and northern Mexi-
co, it is a nontraditional crop that can
grow in arid and semi-arid areas, in addi-
tion, it is naturally adapted to saline soils
and high-temperature environments (Al-
Ani et al., 1972). Jojoba cultivated mainly
for its seed oil, which contains liquid wax
very similar to whale sperm in value. Seed
oil is highly valued for their use in a wide
range of pharmaceutical industry, also as
biodegradable lubricants in the motor in-
dustry and as a biofuel product (Aburjai
and Natsheh 2003; Baldwin, 1988). The
use of jojoba in biofuel production has
many advantages because the plant is non-
edible, unlike corn or sugarcane, and can
be irrigated with low quality water and
cultivated in areas with high levels of
drought, salinity and heat. The nature of
the environment and weather in Egypt is
suitable and encouraging for jojoba plant
(Borlaug, 1985). Indeed, one of the main
corners of the Egyptian economy is Agri-
culture; therefore, improving agricultural

Egypt. J. Genet. Cytol., 49:245-254, July, 2020
Web Site (www.esg.net.eqg)

systems and irrigation strategies must be
of great concern. Because of the above-
mentioned reasons, the increase of jojoba
cultivation is recommended. The identifi-
cation and differentiation of male and fe-
male jojoba plants are very crucial during
cultivation. Therefore, the use of tradi-
tional methods based on morphological
criteria as well as the molecular methods
is very important approaches. DNA bar-
coding is a tool for species identification
that amplify a specific region of DNA and
sequencing to create a global database of
living organisms (Hebert et al., 2003).
CBOL Plant Working Group (Consortium
for the Barcode of Life:
www.barcoding.si.edu) proposed portions
of two coding regions from chloroplast
genome (rbcL and matK) as a “core bar-
code” for plants in 2009 and to be sup-
plemented with additional regions as re-
quired. In recent years DNA barcoding
has been developing rapidly for a wide
range of applications. Four plant DNA
barcode markers, rbcL (Ribulose bisphos-
phate carboxylase), matK (MaturaseK),
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trnH-psbA (intergenic spacer region) and
ITS2 (internal transcribed spacer 2), have
been developed and used. Most plant
DNA barcodes are located in the chloro-
plast genome, either within coding se-
quences (such as rbcL and matK) or in
intergenic regions (such as trnH-psbA)
(Group, et al., 2009). However, some nu-
clear loci have been used as DNA bar-
codes, such as the internal transcribed
spacer of the ribosomal DNA (ITS) (Bol-
son et al., 2015). Chase et al., (1993) em-
ployed rbcL as a marker for several early
plant phylogenetic studies and soon this
marker became popular in that field. The
sequence analysis resulted from the stud-
ies of rbcL gene marker produced a large
sequence database. Therefore, rbcL be-
came an attractive candidate for molecular
identification of plant species. Our aim
here is to identify jojoba plants using rbcL
DNA barcode.

MATERIALS AND METHODS
Plant materials

The analysis involved a number of
one male and fifteen female plants
(clones) growing at Go-green for Agricul-
tural Investment and Development Com-
pany farm, Abo-Ghaleb, Giza, Egypt
(GIADC).

DNA extraction, amplification and se-
quencing

Total DNA was extracted from
fresh leaves using DNeasy Plant Mini Kit
(QIAGEN, Germany) according to the
manufacturer's instructions. After purifica-

tion of the DNA, rbcL DNA barcode re-
gion of chloroplast DNA was amplified
via polymerase chain reactions (PCR).

Primers used in the amplifications were

rbcLa-
F:(5>ATGTCACCACAAACAGAGACTAAAGC-
3"y and rbcL724-

R: (5>~ TCGCATGTACCTGCAGTAGC-3’).

For each PCR reaction, 1 uL (25
ng) of total DNA was included in a 50 pL
reaction mixture containing 2 units Taq
DNA polymerase (GoTaq, Promega), 1X
buffer, 20 uM each primer, 0.2 mM
dNTPs and ultra-pure water to a final vol-
ume of 50 pL. Amplification of the target
region was conducted with a thermal cy-
cler (Applied Biosystems, USA) under the
following conditions: initial denaturation
at 95°C for 2 min, 35 cycles of 95°C for 30
s, 55°C for 30 s, and 72°C for 1 min, fol-
lowed by a final extension at 72°C for 5
min. PCR products were examined on a
1.5% agarose gel in 1x TBE buffer, then
visualized on UV light and photographed
using a Gel Documentation System (BIO-
RAD 2000, USA). After that the PCR
fragments were purified using EZ-10 spin
column (Biobasic, USA) for the purifica-
tion of PCR products. The purified frag-
ments were sent to Macrogen Europe B.V.

company (Netherlands) for sequencing.

Data analysis

The obtained sequence data were
adjusted manually as needed for each se-
quence. The sequence data generated in
this study were analyzed separately in the
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GenBank  (www.  https://www.ncbi.
nlm.nih.gov) for similarity search using
Nucleotide BLAST database. The rbcL
sequences were matched with the query
sequences and available rbcL sequences of
the examined plant species available in the
GenBank. After that DNA sequences were
aligned using multiple sequence alignment
by MAFFT (https://www.genome.jp/tools-
bin/mafft). All sequences were adjusted
manually and submitted to GenBank,
USA. Phylogenetic analyses were con-
ducted with the same database. The phy-
logenetic trees were inferred with the
maximum likelihood method based on the
Tamura-Nei model (Tamura and Nei,
1993).

RESULTS AND DISCUSSION

Cultivation of jojoba plants have
spread in many areas of the world (Ben-
zioni et al., 2005) including the Middle
East. Few studies have been made on
comparative analysis at the molecular
genetic level to detect genetic distances
among genotypes existing in different
regions. Therefore, these studies for jojoba
plants are an important task. This study
was performed to investigate the possibil-
ity of using rbcL DNA barcode for identi-
fying jojoba plants. The amplification of
rbcL gene fragment was conducted using
rbcLa-F and rbcL.724-R primers to ampli-
fy approximately 550 bp fragment. As
shown in Fig. (1), the amplification of
rbcL yielded PCR products for all the test-
ed samples. Amplification and sequencing
success rate are the most important criteria
to evaluate DNA barcoding for plant iden-

tification (CBOL Plant Working Group et
al., 2009). The success rates of amplifica-
tion and sequencing of rbcL fragment
were 100%. Our results showed higher
universality and success rates similar to
those of Ibrahim et al., (2019) who con-
ducted rbcL barcode for the identification
of different Quinoa genotypes. While, Pei
et al.,, (2015) performed rbcL barcode
with 90%-100% success rate in the forest
plants. While other studies showed a suc-
cess rates up to 90% (Kang et al., 2017;
Huang et al., 2015) for rbcL in the tropical
forest plants. This study confirms that
rbcL universality as DNA barcode could
be obtained with rbcL primers from a
wide range of plant species (e.g., Lahaye
et al., 2008; Parmentier et al., 2013). Dif-
ferent candidate gene regions were used as
potential barcodes for plants including
rbcL, matK, trnH-psbA and ITS2 (Kress &
Erickson, 2007; Taberlet et al., 2007).
However, the most used are rbcL and
matK for plant DNA barcode. In our study
we have used rbcL because many authors
indicated that the success rate of identifi-
cation is more than matK (Amandita et al.,
20019; Kang et al., 2017; Khidir and Law-
rence 1999). Also the use of matK as a
barcode has been less interest mainly be-
cause universal primers are not available
(Bafeel et al., 2011; Dong et al., 2015).
Furthermore, Hollingsworth et al., (2011)
indicated that matK still needs optimiza-
tion in regard to primer combinations and
needs to be adapted to specific taxonomic
groups. The obtained sequences of the 16
jojoba samples were matched with the
reference sequences in BLASTn (Altschul
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et al., 1990). The query sequences were
identified up to species level with 98 or
100% in either of the algorithms for all
samples. Table (1) summarize the ob-
tained results. Samples 1-12 and 16 have
the same identity 99 and 100% with rbcL
gene from different jojoba plants submit-
ted in GenBank. While samples No. 13
and 14 produced 99 % and 98-99% simi-
larity, respectively. On the other hand,
sample No. 15 produced 98-99% similari-
ty. Our results are consistent with those
obtained by Ghareb et al., (2020) who
carried out DNA barcoding using rbcL
and matK genes for Phlomis aurea plant.
The drawing of a phylogenetic tree repre-
sents the best hypothesis about how a set
of species or other groups evolved from a
common ancestor and how they are relat-
ed to each other. Based on multiple se-
quence alignment, a phylogenetic relation-
ship of tested samples using rbcL was
constructed. As shown in Fig. (2), the pat-
tern of branching in a phylogenetic tree
reflects how species or other groups
evolved from a series of common ances-
tors. There are two main branches from
the common ancestor for all the tested
clones. The produced pattern indicated
that samples1-12 and 16 have the same
cluster with the same branch and very
related to each other. Also sample 13 is
related to the same group but with a dif-
ferent branch with the same branch point.
The other branch containing samples 14
and 15 which are closely related to each
other but less related to the other samples.
These results are expected due to the test-
ed samples were jojoba clone plants from

the same cultivated area as indicated be-
fore. As shown in Table (2), the obtained
DNA sequence data for all samples were
submitted to GenBank for providing the
accession numbers for the nucleotide se-
quences. Definitely the increase of using
plant DNA barcode will enrich the data-
base with new sequences which will es-
tablish more the use of this technique in a
wide range for the identification of differ-
ent plants. In conclusion, our results sup-
port the claim that DNA barcoding in gen-
eral can provide fast and reliable species
identification, especially for the economi-

cally important plants.

SUMMARY

Precise identification of jojoba
plant species using DNA barcode is very
important because of the economic value
of its seed oil. In this study, we selected
16 jojoba trees (clones) including one
male and 15 female trees cultivated in the
same farm to conduct this experiment.
DNA samples were extracted from leaf
tissues and subjected to PCR amplification
using specific primers for rbcL gene
fragment. The amplification was success-
ful for all tested samples producing the
same fragment with a size about 550 bp.
Sequence analysis was performed for the
purified products and consequently sub-
jected to GenBank database analysis. The
data analysis produced by BLASTn data-
base revealed that the similarity search
was from 98-100% with rbcL gene region
form available DNA sequence in Gen-
Bank. Multiple sequence alignment was
performed after confirmation of the DNA
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sequence. The alignment clearly indicated
the high similarity between all DNA se-
quences for the tested samples. Further-
more, a phylogenetic tree was produced
from the alignment process which re-
vealed the close relationship between the
tested samples. The tree can be divided
into two main branches one containing
samples 1-13 and 16 while the other
branch contains samples 14 and 15. These
results indicate that the rbcL region is a
good option for molecular identification of
jojoba species. Finally, the obtained se-
quence data were submitted to GenBank
to provide the accession numbers for the

nucleotide sequences.
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Table (1): The homologous sequences best matching the rbcL sequences based on the

BLASTn analysis.
Description Accession No. Iden(t)entlty E
% value
|GIADC 1 -12 and 16
Simmondsia chinensis voucher 14CS9341 (KUN) plastid, NC 040935.1| 100.00% 0
complete genome
Simmondsia chinensis voucher Yi14353 (KUN) plastid, MK397929. 1 | 100.00% 0
complete genome
Simmondsia chinensis voucher 14CS9341 (KUN) plastid, MK397898.1 | 100.00% 0
complete genome
Simmondsia chinensis voucher Hosam00080 ribulose-1,5-
bisphosphate carboxylase/oxygenase large subunit (rbcL) JX571893.1 100.00% 0
gene, partial cds; chloroplast
Simmondsia chinensis ribulose-1,5-bisphosphate carbox-
1
YIASE OXYBETASE, AF093732.1 | 99.39% | 0

large subunit (rbcl) gene, partial cds; chloroplast gene for
chloroplast product

Simmondsia chinensis voucher 14CS9341 (KUN) plastid,

chloroplast gene for chloroplast product

NC_040935.1| 99.79% 0
complete genome -
Simmondsia chinensis voucher Yi14353 (KUN) plastid, MK397929.1 | 99799 0
complete genome
Simmondsia chinensis voucher 14CS9341 (KUN) plastid, MK397898.1 | 99.79% 0
complete genome
Simmondsia chinensis voucher Hosam00080 ribulose-1,5-
bisphosphate carboxylase/oxygenase large subunit (rbcL) JX571893.1 99.79% 0
gene, partial cds; chloroplast
Simmondsia chinensis ribulose-1,5-bisphosphate carbox-
ylase oxygenase, large subunit (rbcL) gene, partial cds; AF093732.1 99.58% 0




DNA barcoding Jojoba plants cultivated in Egypt using rbcL gene 253

Table (1): Cont”’

Table (2): Sample 1.D. and Accession
numbers provided by Gen-
Bank after submission of the

DNA sequences.

Sample [.D. Accession No.
GIADC 1 MT895755
GIADC 2 MT895758
GIADC 3 MT895757
GIADC 4 MT895756
GIADC 5 MT895746
GIADC 6 MT895747
GIADC 7 MT895749
GIADC 8 MT895745
GIADC 9 MT895754

GIADC 10 MT895751

GIADC 11 MT895753
GIADC 12 MT895752
GIADC 13 MT895759
GIADC 14 MT895744
GIADC 15 MT895748
GIADC 16 MT895750
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Fig.(1): PCR amplification of rbcL gene fragment for different jojoba plants. M: 1kb
DNA ladder Marker. Lanes 1-16: Amplified fragments of rbcL gene for the
tested samples.

GIADC 7
GiADC 2
Gi4pC 3
GIADC 4
GiADC 5
GIADC &
GrADC 7
GiADC 8
GIADC 2
GiADC 7
GFADC 77
GidDe 12
CIADC 76
GFADC 7.3

l GIlADC 14
GIADC 15
Fig. (2): Phylogenetic tree constructed by Neighbor joining method of

the samples representing the selected jojoba plants based on
rbcL gene sequences.
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Ethidium bromide (EtBr) is a synthet-
ic chemical molecule of heterocyclic
aromatic nature that follows the phenan-
thridine family. This drug can bind to nu-
cleic acids through the intercalation pro-
cess, in which the aromatic molecule is
inserted between adjacent base pairs
(Watkins, 1952). Genotoxicity of EtBr has
been addressed in several studies, which
confirmed that EtBr is a genotoxic agent,
meaning that this substance can destroy
DNA and RNA molecules, and many as-
pects of genetic toxicity. Interestingly,
EtBr inhibited gene expression in Esche-
richia coli; this action has comforted its
ability to bind to nuclear acids and act as
nucleic acid- polymerases inhibitor (War-
ing, 1965).

Green Screen Assay, one of the
genotoxicity tests, is performed in yeast
and described as a sensitive and inexpen-
sive assay. Implementation of this assay
on ethidium bromide showed that EtBr is
a genotoxic drug, and it has other effects,
such as chromosomal changes, despite not
being able to prove or denied its carcino-
genicity (Cahill et al, 2004). The geno-
toxicity of EtBr was confirmed using the
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luciferase enzyme activity, which in turn
depends on the p53 gene. This test showed
that EtBr is a strong genotoxin (Ohno et
al., 2005). EtBr also can destroy human
chromosomes; thus, it caused apparent
structural chromosomal changes, but ac-
cording to the used dose (Wu et al., 2006).
Several studies have been conducted to
detect EtBr mutagenicity, which was
strongly confirmed (Prabhu et al, 2010).
Also, EtBr carcinogenicity was proven
and was classified as a direct or a primary
carcinogen that does not require activation
by metabolism, but its action is directed
toward nucleic acids. Furthermore, EtBr
can inhibit communication between cells
by affecting gap—junctions and being a
genotoxic and carcinogenic agent (Na et
al.,, 1995). In contrast, some studies con-
cluded that EtBr was an unknown car-
cinogenic agent (Sakai et al. 2010).

Probiotic is living microorganism
added to animal and human food, giving a
healthy and robust influence. They posi-
tively affect humans and animals' health
by improving the balance of bacteria in
the intestines when given in sufficient
quantities (Hill ef al., 2014). Probiotics are
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often bacterial organisms that affiliate to
some well-known genera, such as Lacto-
bacillus, Escherichia, Bifidobacterium,
Enterococcus, Streptococcus, and Bacillus
spp., but some yeast break this general
rule due to their ability to work as probi-
otic in some cases (Lukjancenko et al.,
2012). Despite that the lack of clinical
trials supports probiotic safety for humani-
ty (Slashinski ez al., 2012), there is a gen-
eral agreement for its health benefits for
mammals. Many studies have pointed to
the active role of probiotics in the face of
chronic and acute diseases that afflict hu-
mans and animals, such as digestive sys-
tem diseases, a widespread phenomenon
among humans, respiratory system infec-
tions, female reproductive tract infection,
allergy, cholesterol, and cancer (Mohania
et al., 2013). The administration of lactic
acid bacteria (LAB) has been shown to
effectively reduce DNA damage induced
by chemical carcinogens (Li and Li,
2003). These anticancer effects of probiot-
ics are inhibiting intestinal bacterial en-
zymes that convert procarcinogens to
more proximal carcinogens (Nagpal et al.,
2012).

The present study aimed to test the
EtBr seriousness effect on researchers'
health and confront these expected risks
using probiotics intake. The current study
was conducted by treating mice with dif-
ferent EtBr doses parallel with daily LAB-
supplement to mice feed for one month.
Histological examination and molecular
studies were applied to mice's liver after
completing a month of the experiment.

MATERIALS AND METHODS
Materials

A total of 49 male Swiss albino
mice, Mus musculus, with bodyweight (b.
w.) at 25-30g, were obtained from the
Faculty of Medicine, Ain Shams Universi-
ty, Cairo, Egypt. Ethidium bromide was
purchased from Fluka Biochem Co. (Cat.
No. 46065), while LAB was obtained
from the Dept. of Agricultural Microbiol-
ogy, Faculty of Agriculture, Ain Shams
University. Commercial powdered milk
(Nido) was purchased from the local mar-
ket to be used as a probiotics carrier. It
was mixed with liquid media contains
Lactic acid bacteria, then the mixture was
incubated at 37° C/ 24 hours and finally
stored at 4°C. Probiotics were added to
mice food at (24x10” CFU/g).

Methods
Experimental design

Mice were randomly divided into
seven groups; each one contained seven
animals. Mice of groups one, two, and
three respectively received high (60 mg/kg
b. w.), median lethal (50 mg/kg b. w.), and
low dose (40 mg/kg b. w.) of EtBr as
drinking solutions in addition to a unique
dose (24x107 CFU/g) of bacterial probiot-
ics mixed with original food. Mice of
group four received regular food and
drink, representing control group. Mice of
groups five, six, and seven received EtBr
only as drinking solutions with different
concentrations, representing three differ-
ent EtBr doses (high, median lethal and
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low dose, respectively). The duration of
this experiment was one month of differ-
ent daily treatments. Controlled experi-
mental conditions were applied, as regular
light/dark cycles were every 12 hours.
Optimum temperature was set at 20-22 °C
with adequate ventilation, cleanliness, and
proper nutrition (water and commercial
standard diet pellet ad libitum).

Histological analysis

The histological observations due
to the treatment with EtBr only and EtBr
combined with Probiotics were examined
in liver and testes tissues according to
Bancroft et al., (1996); the main steps
were: Fresh samples taken from the liver
and testes of mice, representing different
groups were fixed in 10 % formalin for 24
h; fixed samples were washed in tap wa-
ter; Serial dilutions of alcohol (methyl,
ethyl, and absolute ethyl) were used for
dehydration; Specimens were cleared in
xylene and embed in paraffin at 56 °C in a
hot air oven for 24 h; Paraffin bees wax
tissue blocks were prepared; The blocks
were sectioned by slide microtome at 4 p
thickness; Obtained tissue sections were
collected on deparaffinized glass slides
and stained by hematoxylin & eosin stain
and examined using a light microscope.

Molecular genetics analysis
DNA fragmentation

DNA fragmentation analysis was
done using a hypotonic solution (6% po-

tassium chloride) to extract high-density

nucleic acids (unpublished data). The
main steps were: 0.5 g frozen liver was
disrupted in 1.5 ml Eppendorf tube; One
ml 6% KCI fresh prepared was added;
Samples were vortexed for 10 min (to
homogenize the sample); Homogenate
samples were incubated at 55 °C / 2 hours;
Incubated samples were centrifuged at
1000 rpm / 15 min; Resulted supernatant
(contained the DNA) was transferred to
new sterile and DNase-free Eppendorf
tube; Five ul DNA + 5 pl loading dye
were mixed and electrophoresed on 2 %
agarose gel (Johansson, 1972), 6 ul Gel
Pilot Mid-Rang ladder 100 (Qiagen, Ger-
many) was loaded in a separate well to
provide fragment sizes of 2000, 1000,
750, 500, 250, and, 100 bp; The run was
performed for one hour at 100 volts using
an Applex submarine unit (10 cm x 8 cm).
The amplicons were revealed using 1x
EtBr on UV- trans-illuminator and photo-
graphed by Gel documentation system
(SYNGENE, UK).

Quantitative PCR analysis
RNA extraction

Pure total RNA was isolated from
frozen liver tissue (under sterilization
conditions). According to the manufactur-
er's recommendations, reagents of ISO-
LATE II RNA Mini Kit (Bioline, Germa-
ny) were used. Concentrations of all sam-
ples were measured on a spectrophotome-
ter; then, we made different concentra-
tions equal by adding sterile water to
complete the following steps correctly.
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Complementary DNA (cDNA)

Extracted RNA was converted to
cDNA by using the Tetro cDNA synthesis
kit (Bioline, Germany). A two-step re-
verse transcriptase-polymerase chain reac-
tion was applied according to recommen-
dations submitted by the manufacturer.
All reagents and samples were mixed well
and briefly centrifuged, then kept on ice
before use.

Real-Time PCR run

The RT reaction was amplified for
cDNA of interest, a gene-specific primer
of p53 was used to detect the p53 mRNA
and relatively quantify its amount; its se-
quences were 5' CCC AAA CTG CTA
GCT CCC AT 3' as a forward primer (p53
Mm-F1291), and 5' ACT ACT CAG AGA
GGG GGC TG 3' as a reverse one (P53
Mm-R1567), which were synthesized
through Invitrogen, the UK for amplifica-
tion of desired gene (p53). These primers
were newly designed and based on Gen-
Bank accession (NM_ 001127233.1) using
Geneious 8.1 software. Primer3 online
tool was used to test hairpin formation and
self-annealing of the designed primers and
perform in silico PCR of those primers in
the University of California, Santa Cruz
database (http://genome.ucsa.edu), on the
mouse genome. The expected molecular
size of the in-silico PCR was 277 bp.

Stratagene MX3000 P (Agilent
Technologies) machine was used to apply
gPCR on representative samples, which
consisted of 10 pl of 2 x Sensi FAST
SYBR® No-Rox kit (Bioline, Germany),

0.5 ul p53 reverse primer (P53Mm-
R1567), 0.5 pl p53 forward primer
(P53Mm-F1291), 1 pl cDNA template and
nuclease-free water (up to 20 pl). The
conditions of the used program were: ini-
tial denaturation at 92 °C / 2min, repeated
40 cycles of 92 °C / 5 sec for denaturation
phase, 56 °C / 15 sec for annealing phase,
and 72°C / 26 sec for extension phase. A
disassociation test was performed from 95
°C to 50 °C at 10 min intervals.

Real-time PCR data analysis

The qPCR CT (Cycle Threshold)
values were used to compare and estimate
the relative expression level of p53 in
comparison to control. Excel 2013 was
used to estimate A CT, as A CT target =
CT control — CT treatment, E = 10 (/s°P9),
and Ratio gesyeaipraon = ECTEE0 — CTOes0)
As the amount of PCR product, was dou-
bled each cycle of exponential amplifica-
tion resulted in a 2-fold increase in the

number of copies; thus E was set to 2.
RESULTS AND DISCUSSION

Several criteria for studying the
impact synthetic chemicals or microorgan-
isms under test should be considered, such
as the method of exposure, the duration
and frequency of exposure, target organ,
and the impact of substance (Klaassen,
2013). It was reported that touching or
inhaling ethidium bromide leads to nu-
merous risks on the object's genetic mate-
rial (Harisha, 2005 and Garbett et al.,
2007). However, the question was, what
would happen if the material has already
reached the digestive system? The mice's
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body was exposed to EtBr through the
digestive tract (drinking) while probiotics
were added to their diet to answer this
question. Probiotics were used as a protec-
tive agent against the side effect of EtBr
due to the recorded health benefits (Patten
and Laws, 2015). Indeed, materials enter-
ing through the mouth are processed in the
liver, and then the process of detoxifica-
tion may obscure the full emergence of the
real impact of EtBr. A single dose of pro-
biotics was used while three different EtBr
doses were applied every day for one

month before the autopsy.

Histological and molecular anal-
yses were applied to determine the effect
of EtBr on the digestive system and the
possible protective action of probiotics to
reduce such effects.

Histological effects screening

Liver examination

The liver was affected in all treat-
ments compared to the control group.
Generally, a wide range of tissue changes
emerged; fatty and degenerative changes,
inflammation, hepatic veins dilation, and
focal hemorrhage were the common histo-
logical signs of the treatments (Table 1
and Fig. 1).

Hepatotoxicity is a satisfactory in-
fects the liver due to exposure to the influ-
ence of harmful chemicals, toxins, drugs,
or any other factor. The detoxification job
of the liver makes it the most vulnerable
organ to be affected. The histological

change degree depends on the duration of

exposure, used dose, and the exposed ob-
ject. Although the liver toxicity phenome-
non is single multi-faceted, it has many
histological manifestations such as portal
hypertension, fatty liver, inflammation,
etc. Many hepatotoxicity mechanisms
have been clarified in various studies,
which focused mainly on mitochondrial
failure which in turn results in disable
many vital processes in the liver cells fin-
ished with mentioned symptoms of hepa-
totoxicity (Navarro and Senior, 2006). In
this regard, histological examination of
affected organs is a powerful method to
determine cytotoxicity, especially chemi-

cal-induced toxicity.

Administration of EtBr at a low dose
This treatment led to dilation and
congestion of portal and central hepatic
veins (plate 1, D). Furthermore, focal
bleeding in hepatic parenchymal cells
(plate 1, E). L dose of EtBr could cause
severe alterations in hepatic cellular.
Those manifestations reflect the occur-
rence of portal hypertension, which is
considered the gateway to cirrhosis of the
liver and many of its complications (de
Franchis, 2010). Therefore, the proposed
interpretation of this case was due to the
dosage of ethidium bromide, which im-
pacted the liver and was on its way to
cause cirrhosis. The dose may lead to er-
ratic hepatitis blood pressure, which ex-
plains the liver suffering from the detoxi-
fication of the substance being tested, de-
spite the need for other supportive studies

to obtain more explanation.
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Administration of EtBr at a medium
lethal dose

This treatment led to fatty changes
(plate 1, F), the portal vein's congestion,
and inflammatory cell infiltration in the
portal area (plate 1, G). The appearance of
fatty changes is a result of various causes
as drugs, toxins, rapid weight loss, malnu-
trition, Insulin resistance, viral infection,
pregnancy, oxidative stress, and genetics
(Adams et al., 2005) but also, many stud-
ies have shown that fat accumulation in
the liver relates to metabolic disorders
(Fabbrini and Magkos, 2015).

It is worth mentioning that the
mechanisms of fat accumulation in the
liver vary from one reason to another, but
do not get out of one or more of the fol-
lowing events: increased fatty acids syn-
thesis decreased oxidation of fatty acids,
and presence of fatty acids in large quanti-
ties to the liver and disruption of triglycer-
ide cycle (Treinen-Moslen, 2001). So, any
altered pathway of this process, from
which lipid B-oxidation leads effectively
in an imbalance in the presence of fat in
the liver. However, the existence of many
pathways of lipid B-oxidation as peroxi-
somal B-oxidation and mitochondria B-
oxidation, but the latter remains the most
important and most influential, despite the
emergence of some devastating diseases
result of altered peroxisome (Bartlett and
Eaton, 2004). In this connection, it can be
explaining the emergence of a change in
liver fat as a result of a direct impact of
ethidium bromide on the mitochondria of
liver cells (Stewart et al., 2010), leading to
an imbalance in the performance and

function of this organelle, from which (-
oxidation for lipids either increase or de-

creasc.

Other manifestations were ex-
pected to appear associated with fat de-
posits, according to the "two-hit" hypothe-
sis (Mehta et al., 2002 and Bigorgne et al.,
2008); fatty acids accumulation in the
hepatocellular "first hit" led to inflamma-
tion "second hit". Other liver injury symp-
toms appear after those two hits as fibro-
sis, cirrhosis, and liver carcinoma (not
found in our histological results). Both
environment and genetics contributed in
"second hit" that could be explained simp-
ly by the action of adipose tissue of secret-
ing specific cytokines that stimulate other
mediated factors through specific path-
ways and trigger circulating lymphocytes
to the liver leading to inflammation. It
cannot overlook other factors' role in this
mechanism as gut-derived bacterial endo-
toxin and oxidative stress for reactive ox-
ygen species (ROS). In this setting, the
mitochondrion is one of ROS's most im-
portant sources (Mehta et al., 2002). By
contrast, not in all cases the "second hit"
was the inflammation, which would occur
first, followed by steatosis (Tiniakos et al.,
2010). The appearance of the portal vein
congestion reflected that EtBr at LDs,
could cause hypertension, as shown at the
treatment of L dose of EtBr (de Franchis,
2010).

Administration of EtBr at high dose
This treatment led to fatty change,

and other degenerations appeared in the

hepatocytes all over the hepatic paren-
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chyma (plate 1, H) associated with focal
hemorrhage (plate 1, I). Dilated and con-
gested portal vein appeared with inflam-
matory cell infiltration in the portal area
surrounding the dilated bile ducts (plate 1,
J). According to the mentioned "two hits"
theory, fat deposition "first hit" followed
by inflammation "second hit" which was
one of the causes of venous congestion
(Kakar et al., 2004). Thus, the existence of
fat deposits in the hepatocytes led to a
defect in its job performance, and then
those symptoms occur, where a strong
correlation was found between liver fat
and abnormal manifestations of hepatic
veins (Northup et al., 2008).

Focal hemorrhage is a change in
the hemostatic system attributed to a dis-
ruption in platelet production regulated by
the liver. The platelets are responsible for
keeping blood loss (Lisman et al., 2002).
Other studies have shown a relationship
between those changes and liver failure in
the performance of its functions because
of chronic or acute diseases (Lisman et al.,
2010).

Inflammation is a defensive condi-
tion carried out by the Immune system
when there is a detrimental inducer to a
specific site in the body of an organism;
immune cells of different types are blown
special Kupffer cells sills around the inju-
ry site to secrete specific toxins to elimi-
nate the injured and abnormal cells, but
these toxins harmful to other healthy cells
(Hall, 1996). The inflammations contin-
ued for many diseases that affect the liver
special liver steatosis (Yin et al., 2007), so

deposits of fats are often accompanied by

inflammation.

The mechanism by which hepatic
veins became abnormal may be due to
alteration in blood flow regulated by ant
thrombin III, protein S and protein C, and
anticoagulant proteins produced by the
liver. Any change in those anticoagulant
proteins by an increase or decrease re-
flected directly on the veins and the case
of passing blood, liver fat has not been
lost in the events of change in these pro-
teins' level, especially, Protein C (Northup
et al., 2008). Nevertheless, the question
remains; why did specific changes associ-
ate in some doses of ethidium bromide
without appearing in others? Moreover,
why did other tissue changes be general
with each dose? The answer needs many
of the illustrations studies.

Administration of EtBr at low dose
combined with probiotic bacteria

This treatment led to a degenera-
tive change in the hepatocytes surrounding
the dilated central vein (plate 1, K). Inter-
estingly, liver tumors appeared by mor-
phological examination (data not shown).
The L+P group's liver appeared differently
from the rest of previous transactions; lack
of liver abnormality was detected. How-
ever, there were some adverse effects,
such as degenerative change and dilated
central vein. This means that new mani-
festations appeared while others' disap-
pearances were already related to L treat-
ment without probiotics.

Degeneration is an abnormal shape

of liver cells, which increase in size with
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almost completely lost vital functions,
making it closer to die, so hepatocellular
degeneration is the first step on the way to
necrosis. This abnormal cellular manifes-
tation occurred when the cell membrane
was altered; then, permeability was affect-
ed. Subsequently, ion pumps were affect-
ed, followed by an influx of sodium and
water, leading to ballooning degeneration.
Another cause of degeneration was the
toxic effects of bile acids on cytoplasmic
components, leading to the gradual death
of the cells and their degeneration (Dan-
cygier and Schirmacher, 2010) that may
explain the emergence of dilation in the
biliary duct.

The appearance of liver tumors re-
flected the low gene expression of the p53
gene known to be tumor suppressor gene
(Isobe et al., 1986), thus when functions
of p53 were affected and disappeared,
tumors were accordingly formed (Desilet
et al., 2010). So probiotics were thought
to inhibit p53, inducing tumors' appear-
ance due to EtBr treatment, although pro-
biotics are potent cancer treatment tools
(James et al., 2016). Appeared tumors
represented a piece of evidence for EtBr
carcinogenicity, by contrast to what was
proven about unknown carcinogenicity of
EtBr (Sakai et al., 2010).

Administration of EtBr at median lethal
dose combined with probiotic bacteria
This treatment led to inflammatory
cell infiltration surrounding the adjacent
hepatocytes' dilated central vein wall
(plate 1, L). Furthermore, liver tumors
appeared by morphological examination

(data not shown). This means that not all
manifestations appeared in this treatment
than its counterpart (LDs), while the new
one appeared (tumors). The absence of
some manifestations recorded in LDs,
reflects probiotics' relative ability to coop
with the EtBr effect but at a limited level.
While the appearance of tumor referred to
probiotic effect on gene expression of p53
as discussed previously.

Administration of EtBr at high dose
combined with probiotic bacteria

This treatment led to dilation in the
portal vein (plate 1, M), in addition to the
observation of liver tumors that appeared
by morphological examination (data not
shown). These results confirmed the pre-
vious interpretation; thus, dilation of por-
tal vein reflected that EtBr could do its
action although the presence of probiotics,
which means that used probiotics could
not completely coop with EtBr effect.
Interestingly, tumors appearance resulted
from p53 inhibition, which may be caused
by probiotics.

Probiotic bacteria cannot prove
complete efficient in curbing the histolog-
ical effects of EtBr, unlike expected,
where all symptoms related to different
used doses of EtBr did not disappear com-
pletely, but even new symptoms appeared
in the L+P group (degeneration changes).
This means that the cytotoxic effect of
EtBr did not end at one hundred percent.
However, it remains to a lesser extent,
which means that used dose of LAB was
unable to completely counter EtBr influ-
ence, this is supported by the incomplete
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lack of the ability of fermented dairy
products to resist colorectal cancer in
mammals (Capurso et al., 2006), suggest-
ing a relative ability of the resistance.
However, they need confirmatory studies
to rely on those microbes in formal treat-
ment.

The general belief that probiotics
are safe and their regular intake leads to
general improving mammalian health,
particularly resistance to a wide range of
cancers (James et al., 2016). However,
some old evidence of probiotic ability to
cause harm to some organisms, in particu-
lar some strains of LAB was reported
(Mackay et al., 1999),

Control group of mice

This treatment led to the liver's
regular appearance; thus, regular histolog-
ical features were cleared in all hepatic
cellular components. This normality re-
sulted from receiving typical food and
drinks. The aim of conducting this treat-
ment was to obtain healthy animals used
for comparison with treated animals, and
then histological alteration, induced by

tested material, became apparent.

Molecular studies analysis

Gene expression is a process that
turns genotype to phenotype, so it is con-
sidered the secret key that must be studied
well at its different levels when any
change appears on the organism, particu-
larly diseases. This brings us to the con-
cept of Gene expression analysis, the
study of the functional product of a gene

in specific cell /tissue, is applied using
various ways. A qPCR is a powerful tool
in this regard, so it was used in the present
study to measure the gene expression of
p53 gene.

DNA fragmentation analysis

Applying the DNA fragmentation
procedure resulted in high-density nucleic
acids. Electrophoresis of genomic DNA
obtained by this technique appeared nor-
mal in all samples (Fig. 2). The photo il-
lustrated the lack of direct effects of eth-
idium bromide and bacterial probiotics on
the genetic material; therefore, there was
no DNA fragmentation related to all
treatments compared to the control group.

As for EtBr, these results contrast-
ed with the expected; thus, the DNA inter-
calation process can destabilize the genet-
ic material and negatively affect the
chromosomal structure. So EtBr, an inter-
calator, can be regarded as a significantly
contributed agent to cells' toxicity. In oth-
er words, it is well known that most inter-
calating agents have an inhibitory effect
on DNA topoisomerases, which control
the topography of the nucleic acid, leading
to obstructing the correct pathway of gene
expression in addition to causing abnor-
mal chromosomal packaging. These ef-
fects can be completed by the occurrence
of programmed cell death represented in
DNA fragmentation (Wang et al., 1997,
Singer et al., 1999). That did not happen,
where it did not produce any fragmenta-
tion in the genetic material by ethidium
bromide. These discrepancies can be ex-
plained by the occurrence of another kind



264 HALA M. ZOGHLY et al.

of response, such as cell cycle arrest or
DNA repair system enhancement (Woods
and Vousden, 2001; Oren et al., 2002).

Otherwise, maybe more time was needed.

As for probiotics, DNA fragmenta-
tion analysis results were expected be-
cause it is well known that probiotics,
especially LAB, have the anti-
carcinogenic property (Li and Li, 2003). It
was also proven that some strains of LAB
could cope with chemical-induced geno-
toxicity in rats (Pool-Zobel et al., 1996)
and other mammals (Burns and Rowland,
2000). Many other studies have dealt with
probiotics as living beneficent microbes
play an active role in the resistance to the
genetic material's negative changes (Mad-
rigal-Santillan et al., 2006; Corsetti et al.,
2008; Verdenelli et al., 2010; Dominici et
al., 2011). Also, probiotic administration
safety in a human was recorded, which
indicates the absence of any undesirable
effects on health; thus, genetic material
was not affected (Van den Nieuwboer et
al., 2015).

Although not all studies showed
probiotic force in responding to the health
dangers, there are failures made by those
microbes in this regard, such as the study
in which products of fermented milk
failed to prevent colorectal cancer (CRC)
ultimately, where they succeeded in tests
without the other (Capurso et al., 2006). It
is worth mentioning that the species but
the strain of used probiotic showed highly
specialized therapeutic. The experiment's
dosage and conditions can control many
of the obtained results in a clinical trial

(Whorwell et al., 2006). It is imperative to
make entirely sure that each experiment
has particular circumstances that control
obtained results. However, there are es-
sential criteria that must be met to achieve
the desired goal of probiotics usage as
probiotics can survive in the gastrointesti-
nal tract and its inability to work as a
pathogenic or toxic organism (Shalke,
2013).

Real-time PCR

After obtaining cDNA and apply-
ing q-PCR using a real-time PCR ma-
chine, obtained CT values were used to
estimate ACT and Ratio of the p53 gene
expression, using subtractive equations.
CT values of EtBr treatment groups were
lower than CT values of EtBr with probi-
otics treatments, so all values (ACT and
Ratio) estimated using CT values were
different in the same way (Table 2 and
Fig. 3).

Obtained CT values showed that all
treatments led to alteration of p53 gene
expression, but at different levels than the
control group. This means that EtBr,
whether alone or with probiotic, could
make an effective change even entered the
cell, particularly hepatocellular. However,
all doses of EtBr strongly affected gene
expression of p53, but the high dose of
EtBr was the most dose that resulted in
high gene expression of p53; this means
that this dose must be taken into account
due to its significant influence on the
health of mice because the high gene ex-
pression of p53 means that the hepatic cell
tried to coop with a form of cancer. There
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was a relationship between the EtBr dose
and the level of p53 expression; this was

cleared from calculated Ratios.

Since alteration of p53 gene ex-
pression is one of genotoxicity signs
(Kirsch-Volders et al., 2003), any agent
that can cause induction of p53 is consid-
ered genotoxin. This means that EtBr is a
genotoxic agent due to obtained results,
which reflected the induction of p53 due
to treatment with EtBr. Genotoxicity of
EtBr may be due to its structure; thus, it
contains a cationic compound (bromide),
which has a high potential genotoxicity
effect due to its covalent interaction with
the negatively charged nucleic acids
(Snyder and Arnone, 2002).

Many studies have an agreement with
EtBr genotoxicity; thus, it was proven that
EtBr adversely affected the transcription
process of specific genes. It could directly
interact with genetic material asserting its
genotoxic effect (Waring, 1965). Another
study showed EtBr genotoxicity depend-
ing on the presence of chromosomal aber-
rations induced with EtBr or not; using
mammalian cells treated with EtBr, the
obtained results showed that a few hours
of treatment was sufficient to negatively
affect the chromosomes (McGill et al.,
1974). Genotoxicity induced by chemicals
has been indirectly measured in human
cells using a wide range of tested chemi-
cals in vitro. The activity of luciferase was
appreciated; this enzyme was associated
with p53R2 response to genotoxins. EtBr
could give a positive result in this assay
(Ohno et al., 2005). Like what was ob-

tained about the EtBr ability to affect the
centromere more heavily than chromo-
somes' arms (Wu et al., 2006).

In contrast, EtBr cannot signifi-
cantly induce p53 after nearly three hours
of treatment. So EtBr was regarded as an
intercalating agent with no genotoxic ef-
fect, represented by the inability to induce
p53 (Nelson and Kastan, 1994). Since the
actual act of p53 is curbing tumors and
cancers, it was more active in swelling.
Increasing p53 gene expression in the
presence of EtBr meant that this chemical
has a carcinogenic effect. However, this
conclusion was the opposite of what was
proven of unknown carcinogenicity of
EtBr (Sakai et al., 2010).

EtBr can stimulate p53 in the
treatments with EtBr only; otherwise, this
effect was relatively decreased in the
treatments of EtBr combined with LAB.
This result means that used probiotic
could slightly make a reverse effect,
cleared by the obtained CT values. In oth-
er words, probiotic bacteria's presence led
to a relative reduction of gene expression
of p53 compared to induced form in EtBr
treatments. This observation can be re-
turned to the anticarcinogenic of lactic
acid bacteria, which may resist the harm-
ful influence of EtBr, so less need for high
production of p53. This hypothesis is sup-
ported by the disappearance of some of
the histopathological symptoms resulting
from EtBr. Several studies confirmed the
antigenotoxic and anticarcinogenic effect
of probiotics, especially LAB, which can
reduce DNA damage caused by chemical
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carcinogens in rats (Pool-Zobel et al.,
1996). LAB can decrease the level of spe-
cific bacterial enzymes (nitroreductase,
glycosidase, azoreductase, and B-
glucuronidase) and transform the pre-
carcinogens into high active carcinogens
(Li and Li, 2003). Interestingly, the anti-
genotoxicity of probiotics was proven in

human cells (Burns and Rowland, 2004).

The effect of yeast was tested in
mice treated with aflatoxin. It was able to
reduce micro-nucleated normochromic
erythrocytes, in addition to its ability to
change and modify the aflatoxin com-
pound (Madrigal-Santillan et al., 2006).
While Lactobacillus extracted from
cheese was able to discourage genotoxins
(Corsetti et al., 2008). Another evidence
of probiotic efficacy was Lactobacilli's
ability to reduce the genotoxic effects of
4-NQO and turn it into a less toxic com-
pound (Verdenelli et al., 2010). On the
other hand, the effect of four species of
bifid bacteria has been tested in mice
treated with some chemical genotoxins;
the result showed the superior ability of
these bacteria to reduce genotoxicity of
tested chemicals (Dominici et al., 2011).

Not all studies showed probiotic
force in responding to the health dangers,
but there are failures made by those mi-
crobes in this regard, such as the study in
which products of fermented milk failed
to prevent colorectal cancer (CRC) ulti-
mately, where they succeeded in tests
without the other (Capurso et al., 2006). It
is worth noting the participation of many
factors in their influence on the results of

such clinical trials, such as probiotic
strain, dosage, and other trial conditions
(Whorwell et al., 2006). So another hy-
pothesis is introduced, in which the low
level of p53 gene expression returns to the
direct effect of probiotics; thus, LAB may
inhibit p53 itself that allows tumors to be
formed (as described). However, it is im-
perative to ensure that each experiment
has particular circumstances that control
the obtained results. However, there are
essential criteria that must be met to
achieve the desired goal of probiotics us-
age as probiotics can survive in the gastro-
intestinal tract and its inability to work as
a pathogenic or toxic organism (Shalke,
2013).

CONCLUSION

In the presence of EtBr, whether alone or
with probiotic bacteria, p53 was induced,
reinforcing the idea that these microbes'
presence did not confront the damage
leading to the induction of gene. The low-
er gene expression in the presence of pro-
biotics may be back to the direct effect of
LAB on p53. The absence of fragmented
DNA in all treatments indicates that EtBr
has no genotoxic effect either alone or
combined with LAB, although this inter-
pretation is questionable due to p53 induc-
tion. In contrast, histological examination
results supported the cellular toxicity of
EtBr and the incomplete ability of LAB in
the face of that toxicity. The weak effort
of probiotic bacteria may be due to the
experiment's special conditions, so more
supportive measures and confirmatory
studies are required.
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SUMMARY

Ethidium bromide (EtBr) is a nu-
cleic acid intercalating agent used exten-
sively as a fluorescent dye in molecular
genetics laboratories. The current study
aimed to determine the potential histo-
and genotoxicity of EtBr and investigate
the antigenotoxic effect of probiotic bacte-
ria (Lactic Acid bacteria; LAB) on mam-
malian tissue (albino mice). Mice were
randomly divided into seven groups, with
seven different treatments. Different EtBr
doses were used individually as drinking
solutions with and without probiotic bac-
teria, which was introduced as a single
dose as a food additive. After one month
of the treatments, the liver was tested us-
ing histological assay, DNA fragmentation
analysis, and quantitative RT-PCR tech-
nique. No significant genotoxic effect for
EtBr on the liver was observed on histo-
logical examination and DNA fragmenta-
tion analysis. However, a considerable
increase in the expression of the p53 gene
and correlated with the dosages increase.
However, the p53 expression was altered
upon applying the probiotics, while some
histological changes were detected, but no
DNA fragmentation was detected. The
seriousness of EtBr on the organism's
health is conditional with the applied dos-
es. Probiotics were not luckier than EtBr;
it did not provide expected health benefits.
This unexpected action of probiotics may
be due to the used dose and how to use it.
Further analysis of both histological and
molecular aspects using multiple controls
and integrative experiments is required to
explain probiotics' paradox effect versus

the EtBr effect on mammalian cells and
tissues.

Keywords: EtBr, Probiotic bacteria, genotoxi-
city, -PCR, DNA fragmentation.
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Table (1): Histological signs appeared in different treatment and their relative de-

grees shown as presence (+, ++) or absent (-).
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L: low dose of EtBr, L.Dsy: the median lethal dose of EtBr, H: high dose of EtBr, L+P: low
dose of EtBr combined with LAB, L.Dsy+P: the median lethal dose of EtBr combined with
LAB, and H+P: high dose of EtBr combined with LAB

Table (2): The Ct values of Samples amplified with Real-time PCR.

Treatment CT value Act Ratio
L+P 28.34 -1.06 0.479
H+P 27.95 -0.67 0.628

L.Dsy+P 27.15 0.13 1.094
C 27.28 0 1

H 25.56 1.72 3.294

L. Ds 26.58 0.7 1.624

L 26.26 1.02 2.028

L: low dose of EtBr, L.Ds,: the median lethal dose of EtBr, H: high dose of EtBr, L+P: low
dose of EtBr combined with LAB, L.Dsy+P: the median lethal dose of EtBr combined with
LAB, and H+P: high dose of EtBr combined with LAB.
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Fig. (1): Histogram showed different liver histological effects related to different doses of
EtBr, whether alone (L, LDs, and H) or combined with probiotics (L+P, LDsy+P, and H+P).

Fig. (2): Gel photo of DNA electrophoresis of sam-
ples obtained from treated and controlled mice, de-
tecting DNA fragmentation. 1= high dose of EtBr
(H), 2= median lethal dose of EtBr (LDs), 3= Low
dose of EtBr (L), 4= Negative control (C), 5= H+
Probiotic (H+P), 6= LDss+Probotic (LDsy+P), 7=
L+Probiotic (L+P).
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Fig. (3): Histogram showed the ratio of p53 amplification obtained
by real-time PCR.
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Plate (1): (A-B) Sections in tests of mice. (A) the negative control, showing the typical
structure of testicles and spermatogonia (s). (B) a representative of the testicular
tissue for all treatments, showing a typical structure of testicles and spermatogo-
nia (s). (C-M) represents sections in the liver of mice (H & E X 400). (C) a sec-
tion in the liver of negative control mice, (D) and (E) represent the low dose of
EtBr. Arrows show dilation in hepatic veins, while (h) means hemorrhage. (F)
and (G) median lethal dose of EtBr. In (F), the arrow shows fatty change, while
the arrow in (G) refers to the inflammatory cell's infiltration in the portal area.
(H), (1) and (J) high dose of EtBr. (H) shows the fatty change and other degener-
ations in hepatocytes over the hepatic parenchyma. Arrow in (I) shows focal
hemorrhage, while arrows in (J) show severe dilatation, congestion in the portal
vein, and inflammatory cell infiltration in the portal area surrounding the dilated
bile ducts. (K) the low dose of EtBr combined with a unique dose of probiotic
bacteria, arrow shows dilated central vein. (L) the median lethal dose of EtBr
combined with probiotic bacteria; arrow shows inflammatory cells infiltration
surrounding the wall of the dilated central vein. (M) high dose of EtBr combined
with probiotic bacteria; arrow shows dilatation in the portal vein.
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