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EDITORIAL PREFACE

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

We have watched the growth and success of JIBS over the years. JJBS has published
11 volumes, 45 issues and 479 articles. JJBS has been indexed by SCOPUS, CABI’s
Full-Text Repository, EBSCO, Clarivate Analytics- Zoological Record and recently
has been included in the UGC India approved journals. JJBS Cite Score has improved
from 0.18 in 2015 to 0.7 in 2019 (Last updated on 1 March, 2021) and with Scimago
Institution Ranking ( SJR) 0.18 (Q3) in 2019.

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

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

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

Professor Atoum, Manar F.
March, 2021
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Abstract

The association of different infections with the subsequent occurrence of autoimmunity, just like autoimmune thyroiditis, has
recently been increased globally. This study aimed to determine the role of Helicobacter pylori (HP) infection in
Hashimoto's disease. The research groups involved 50 patients with Hashimoto’s disease and 50 healthy subjects. All of
them were subjected to the estimation of concentrations of free triiodothyronine (FT3), free thyroxine (FT4), TSH, anti-
thyroid peroxidase (anti-TPO), and anti-thyroglobulin (anti-Tg). In addition, for the diagnosis of HP, IgG, as well as anti-
CagA antibodies in the serum, were detected. An independent t-test was used to test the significance of the means. Also, an
odd ratio was used to clarify the association between H. pylori infection and HT disease. Statistical significance was detected
when P-value is equal to or less than 0.05. The results indicated that 94% of Hashimoto’s patients and 34% of the healthy
subjects were seropositive for HP 1gG. Also, (74%) of the HT patients were seropositive for HP IgG/anti-CagA. These
results were significant at the level of 0.01 (p< 0.001). Hashimoto’s patients with HP/CagA positive tests have significantly
elevated concentrations of anti-TPO (480.69+311.29), anti-Tg (336.00£175.95), and TSH (20.43+18.98) compared with
patients tested negatively to HP/CagA antibodies (358.60+281.55, 258.36+170.09 and 9.02+5.94 respectively). In
conclusion, there is a relationship between H. pylori infection and the development of Hashimoto’s thyroiditis in Iraqgi
patients. H. pylori infection, especially CagA expressing strains, could be a risk factor for the development of autoimmune
hypothyroidism and to a lesser extent its progression by increasing the concentration of thyroid antibodies and TSH, which
in turn leads to decreased levels of the thyroid hormones and worsening of the disease, requesting antibiotic therapy to

eradicate the bacterial infection.

Keywords: Hashimoto's thyroiditis, H. pylori infection, correlation, anti-TPO, anti-Tg, CagA.

1. Introduction:

Autoimmune thyroid diseases (AITDs) are many
distinct clinical disorders, of which Hashimoto's
hypothyroidism (HT) and Graves' hyperthyroidism are the
most prominent (Caturegliet al., 2014). They reflect
examples of autoimmune organic-specific diseases which
are restricted to the thyroid gland. HT is highly abundant
in a female with an incidence ratio of about 8:1(Casto et
al.,2021). However, according to the positive results of
laboratory tests in women for the occurrence of
autoantibodies for thyroid, about 10% of the population
are suffering from HT (Machataet al.,2019). In the
pathogenesis, the thyroid antigens may be presented by
dendritic cells as foreign antigens to the T-cells leading to
its proliferation and differentiation into thyroid-specific T-
cells (Thl, Th2, and CD+8) producing different cytokines
like IL-12, IL-17, and IFN-a which in turn mediate thyroid
infiltration and cytotoxicity (Ramos-Levi, and Marazuela,
2016; Machata et al.,2019). Although the exact cause of
AITD is unknown, they are genetically expressed and
require an environmental trigger (Ragusaet al.,2019).
Infection with Helicobacter pylori (HP), a gram-negative,
motile, microaerophilic  bacteria, is a potential

* Corresponding author. e-mail: younusjasim@stu.edu.ig.

environmental factor, causing persistent inflammation and
immunological response in vulnerable individuals (Choi et
al.,2017).

Studies have revealed that levels of anti-H.
pylori cytotoxin-associated gene A product (anti-CagA)
are significantly higher in HT patients than in healthy
controls (Figuraet al.,1999). CagA expressing strains
of H. pylori have higher inflammatory activity, and they
raise inflammatory cytokine levels in the stomach and
throughout the body in an infected person, which may be
associated with the extra-intestinal consequences of the
host tissues and the subsequent development of
autoimmunity (Figura et al., 2020). However, researchers
are unable to clarify the H. pylori-related consequences
that can cause thyroid autoimmunity. Also, the specific
processes by which exposure to a microorganism induces
more than one manifestation of autoimmunity
(Hamid,2017; Houet al., 2017). Delitalaet al have
suggested that H. pylori may expose the host’s sequestered
epitopes to the immune system leading to the development
of autoimmune reaction (Delitalaet al.,2016). In this
context, the current study aimed to investigate the
correlation between H. pylori infection and Hashimoto’s
thyroiditis and to evaluate if there is an effect of H.
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pylori on the serum levels of thyroid hormones and TSH in
the patients.

2. Materials and Methods

The present study involved 100 persons (males and
females) aging between (9-50 years) during the period
from Dec. 2019 to Dec. 2020. Study participants were
classified into two groups. The 1st group (50 patients)
attended the specified center of diabetes and endocrine
glands diseases in Amara city with symptoms suspected to
have Hashimoto thyroiditis which was confirmed using
serological tests for the detection of anti-TPO and anti-Tg.
The second group (50 persons) were healthy persons of
comparable age and sex and considered a control group.
They were all subjected to serologic tests for the diagnosis
of autoimmune thyroiditis. All of the study participants
have read and signed the patient consent form, and the
study has been approved by the Committee of Scientific
Research Ethics / Amara Medical Institute.

3. Sample collection

Ten ml of venous blood was collected from all the
study participants then centrifuged at 5000 rpm /min for 5
mins and the obtained sera were used for the serological
methods for the estimation of thyroid antibodies (Anti-
TPO and Anti-Tg) as well as thyroid hormones (FT3, FT4)
and TSH.

4. Estimation of thyroid hormones levels in the serum

Serum levels of the thyroid hormones free
triiodothyronine (fT3), free thyroxine (fT4), and thyroid-
stimulating hormone (TSH) were determined on the same
day of  blood collection by using  the
electrochemiluminescence immunoassay method (Cobas,
comp. Penzberg, Germany). The results were expressed in
IU/mL as per the manufacturer’s instruction.

5. Detection of thyroid auto-antibodies in the serum

Serum concentrations of anti-Tg and anti-TPO were
evaluated using a chemiluminescent immunoassay
(Mindray, China). As per the instructions of the
manufacturer, the results have been recorded in IU/mL.

6. Detection of H. pylori infection

H. pylori infection in HT patients and control group has
been diagnosed by using two ELISA kits (Hp-1gG,
Monobind Inc. USA and anti-CagA, Sunlong Biotech.
China). Biotech ELISA reader and washer (Biotech, USA)
was used, and the procedure was applied; results were
achieved as per the manufacturer’s instructions.

7. Statistical analysis
Results of the current study were analyzed using SPSS

software package ver.23 (performed by IBM Co. USA).
An independent t-test was used to test the significance of

the means. Also, an odd ratio was used to clarify the
association between H. pylori infection and HT disease.
Statistical significance was considered when the P-value is
equal to or less than 0.05.

8. Results

The current study is a case-control study that involved
(50) HT patients and (50) healthy controls. All of the study
participants were subjected to the estimation of serum
FT3, FT4, TSH, anti-TPO, and anti-Tg. The results found
a significant increase in serum TSH concentrations
(P <0.001) in HT patients compared to healthy subjects as
shown in table (1). Serum FT4 and FT3 concentrations
were also elevated in HT patients compared to the control
group which is not statistically significant.

Table 1: Serum concentration of thyroid hormones in HT patients
and healthy controls.

HT group Control group

Hormones Mean + SD Mean + SD Pvalue
FT3 (pmol/L) 4.76+1.50 7.84+4.39 0.031"
FT4 (pmol/L) 12.07+4.27 15.57+£3.58 0.056"
TSH (IU/ml)  18.53+17.60  2.45+1.50 <0.001"™

**Results are significant at 0.01 level. *Results are significant at
0.05 level. SD: standard deviation

The levels of both of anti — TPO antibodies, as well as
anti - Tg antibodies, are significantly increased (P-value <
0.001) in HT patients against the healthy group, table (2).

Table 2: Serum concentration of thyroid auto-antibodies in the
study groups.

Thyroid  HT patients

Control P value Reference
antibodies Mean + SD

Mean + SD value

AN-TPO ) 794381.00 1.92£0.08 <0001 (< 9IU/mI)
(IUIL)
Anti-Tg o
+ + <
(UL 56761541 3504507 <0.001" (s4IU/m)

**Results are significant at 0.01% level. SD: standard deviation

The incidence of H. pylori antibodies (IgG, CagA)
among HT patients and the healthy control group is
described in table (3). The HT patients with positive H.
pylori IgG were significantly higher (47 of 50, 94%)
compared to the healthy subjects (17 of 50, 34%). These
results were highly significant (OR: 7.01, P-value <
0.001). Similarly, samples with positive results for both
HP-1gG and anti-CagA represented (37%) of the HT
patients and overall study groups, as all of the healthy
subjects were seronegative for anti-CagA antibody. On the
other hand, only (17, 34%) of the HT group showed
positive H. pylori IgG results and negative anti-CagA
against (20%) in the control group. These results were
insignificant (OR: 1.83, P: 0.18).
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Table 3: Incidence of HP-IgG and anti-CagA antibodies among HT patients and control group

HT n=50 Control n=50
H. pylori IgG / CagA status P value OR 95% CI

No. (%) No. (%)
HP+ 47(94%) 17(34%) <0.001™ 7.01 3.00 to 16.39
HP- 3(6%) 33(%66) <0.001™ 0.03 0.008t0 0.121
HP+/CagA+ 37(74%) 0 (0%) <0.001™ 280.55 16.16 to 4870.44
HP+/ CagA - 17(34%) 10(20%) 0.18 1.83 0.83105.10

**Results are significant at 0.01% level. OR: odd ratio. 95% CI: confidence intervals.

The results of table (4) showed that TSH levels were
non-significantly elevated in HT patients who had H.
pylori 1IgG (HP+) in their sera in comparison with those
with (HP-) sera. As a result, levels of the thyroid hormones
(FT3 and FT4) were insignificantly lower in HT patients
who tested positive for HP 1gG compared to those who
tested negative. In HT patients who tested positive for

both H. pylori antibodies (HP+/CagA+) the levels of TSH
were significantly higher (P value=0.008) compared to
those with HP+/CagA- tests. As a consequence, there was
an insignificant decrease in the levels of thyroid hormones
(FT3 and FT4) in these patients compared to those with
(HP+/CagA+) results, table (4).

Table 4: Serum levels of FT3, FT4 and TSH in HT patients according to the type of H. pylori antibodies.

Thyroid hormones H. pylori antibodies

(Meanzx SD) HP + HP - Pvalue HP+/CagA+ HP+/CagA- P value
FT3 458+ 144 476 £1.49 0.94 5.43+1.56 458+1.44 0.805
FT4 11.96 +4.42 12.00 +4.31 0.943 11.14+4.08 11.96 + 4.42 0.801
TSH 20.34 £15.98 17.93+11.63 0.457 20.43+£18.98 9.02+5.94 0.008™

*Results are significant at 0.05 level. SD: standard deviation.

In the same context, there is a considerable elevation
(P-value =0.05) in the concentrations of anti — TPO among
HT patients who tested positive for both H.
pylori antibodies (IgG and anti-CagA) when compared

with those who tested negative, table (5). Serum levels of
anti — Tg on the other hand, have also been elevated in the
same groups but this elevation was not statistically
significant.

Table 5: Serum levels of anti-TPO and anti-Tg in HT patients according to the type of H. pylori antibodies.

Thyroid antibodies H. pylori antibodies

(1U/ml) HP + HP - Pvalue | HP+/CagA+ HP-+/CagA- P value

Anti-TPO . .
443.62 + 386.72 106.65 + 20.40 0.05 480.69 + 311.29 358.60 + 281.55 0.05

(Mean * SD)

Anti-Tg (Mean + SD) | 336.00 + 175.95 330.00 + 190.95 0.943 336.00 £ 175.95 258.36 + 170.09 0.721

*Results are significant at 0.05 level. SD: standard deviation.

9. Discussion

Our results found that serum levels of TSH, thyroid
autoantibodies were significantly increased in HT patients
when compared with normal control. Also, thyroid
hormones (FT3 and FT4) were elevated in HT patients, but
this elevation was not significant. These results could be
considered as an indication for the development of
subclinical hypothyroidism which is characterized by
elevated TSH levels and normal FT3 and FT4 levels
(Machata et al.,2019).

For the diagnosis of HT, the current study was
dependent on the estimation of serum concentrations of
anti-TPO and anti-Tg antibodies; the results indicated, as
shown in table (2), that the concentrations of these
antibodies were significantly higher (P<0.001) in patients
compared to the healthy controls. Elevated concentrations
of the thyroid autoantibodies and TSH as well as normal
levels of thyroid hormones (FT3 and FT4) indicated the

development of subclinical HT disorder. Anti-TPO and
anti-Tg antibodies are widely available and commonly
used in clinical diagnostic laboratories for HT disease
(Wang et al., 2018). These antibodies are the major anti-
thyroid antibodies in Hashimoto's disorder, and growth in
anti-TPO antibodies has been linked to clinical symptoms
of illness progression in the future (Acaret al., 2013).
Furthermore, Siriwardhane et al. (2019) concluded that
serum levels of anti-Tg and anti-TPO can be used as
markers for early prediction of the development of thyroid
autoimmunity; they also recommend adding these tests to
the same list of thyroid function tests which include FT3,
FT4, and TSH. On the other hand, (10%) of persons with
Hashimoto's disease may not have anti-TPO antibodies in
their bloodstream There have been cases of negatively
tested Hashimoto's hypothyroidism  when thyroid
antibodies production was restricted to the gland
(Carbone et al., 2019).

Based on the results of table (3), the presence of
both H. pylori antibodies used in this study was
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significantly higher (P<0.001) among HT patients (94%
for HP-IgG, 74% for anti-CagA) compared to the healthy
subjects (17% for HP-1gG, 0% for anti-CagA). These
findings indicate that there is an association between H.
pylori infection and Hashimoto’s disease, suggesting a role
of the bacteria in the subsequent development of HT in
Iragi patients.

Consistence with our results, Al-Shaibani et al found
that (94.07%) of HT patients from Baghdad city were
seropositive to H. pylori IgG antibodies. Hamid (2017)
revealed that H. pylori IgG was present in (57%) of HT
patients in Baghdad city. Similar findings have been found
by Arslanet al, and Elazaimet al, who concluded that
there is an association between thyroid autoimmunity
and H. pylori infection. This study was unable to clarify
the H. pylori-related consequences that can cause thyroid
autoimmunity, However, we agree with the opinion "The
specific processes by which exposure to a microorganism
induces more than one manifestation of autoimmunity are
not well defined" (Houet al.,2017; Hamid,2017).
Furthermore, some of the thyroid proteins have recently
been found to share putative conserved domains with
numerous H. pylori antigens, hence H. pylori infection
could induce HT disease through an increased
inflammatory status and molecular mimicry (Figura et
al.,2020).

The results of tables (4 and 5) showed that HT patients
with positive results to HP-IgG and/or anti-CagA have
significantly increased the serum levels of TSH and
thyroid autoantibodies (anti-TPO and anti-Tg). The
elevated levels of TSH, anti-TPO and anti-Tg especially in
HT patients infected with CagA expressing strains of H.
pylori could be due to the inflammatory response caused
by H. pylori infection, which in turn increases the
cytokines expression leading to increased infiltration of
thy thyroid by the effector lymphocytes (due to the
molecular mimicry). This could subsequently damage the
thyroid tissues, thus increasing the disorder's progression.
Our results were consistent and were confirmed by a local
study (Aboud, 2011) in addition to other regional and
international studies (Aghili et al.,2013; Shiet al.,2013;
Korani et al.,2016). Otherwise, Bassi et al. concluded that
the correlation between H. pylori and autoimmune thyroid
diseases was found only with Graves's disease and not
Hashimoto's. Also, Shmuely et al. couldn’t clarify the
importance of H. pylori infection in women suffering from
Hashimoto's disease. We think that several factors may
explain these variations in the results including the study
population, size, area of study, methodology used for the
diagnosis of H. pylori infection, types of tests used in the
statistical analysis, and finally the genetic and
environmental factors related to each study. However, the
current study has several limitations including small
sample size, and the dependence on serological methods
only to diagnose H. pylori infection. So, more studies on
the molecular level are badly required.

10. Conclusion

According to the results of the present study, it can be
concluded that there is a relationship between H.
pylori infection and the development of Hashimoto’s
thyroiditis in lraqgi patients. H. pylori infection, especially
CagA expressing strains, could be a risk factor for the

development of autoimmune hypothyroidism and to a
lesser extent its progression increases the concentration of
thyroid antibodies and TSH, which in turn leads to
decreased levels of the thyroid hormones and worsening of
the disease, thus requesting antibiotic therapy to eradicate
the bacterial infection. Accordingly, it is reasonable to
recommend the addition of thyroid antibodies (anti-TPO
and anti-Tg) to the list of the thyroid function test and to
examine the correlation between H. pylori infection with
Graves’ disease. More studies are recommended to clarify
the molecular mechanism underlying the association
between H. pylori infection and HT disease.
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Abstract

Since its emergence, COVID-19 has caused severe health problems, and reached more than 220 countries. The viral genome
is prone to mutations leading to the appearance of new variants that might be more infectious. Many new genomic sequences
of SARS-CoV-2 are uploaded to the public database; monitoring these sequences for possible variations can significantly
help in the process of vaccine development and prevention plans. This study aimed to explore whole genome sequences of
SARS-CoV-2 that are recently submitted to global databases from different geographical areas for possible new mutations.
For this purpose, forty complete genomic sequences of SARS-CoV-2 from 20 countries were downloaded from GISAID (12
Dec 2020 -20 Mar 2021) and converted to their corresponding amino acid sequences using Expasy online software. Both the
DNA and amino acid sequences were aligned with the reference genome (Accession number; NC_045512) by the multiple-
sequence alignment tool Clustal Omega. The aligned sequences were then examined for any change compared to the
reference genome.

The results showed a total of 1264 nucleotide variations; 93.43% were SNPs, 6.49% deletions, and 0.08% insertions. About
59% were non-synonymous mutations and 41% were synonymous mutations. Most of the non-synonymous mutations that
lead to amino acid changes were in the Spike (36.63%) and Nucleocapsid (15.60%) genes. Among these changes 24 unique
amino acid variations were repeated more than five times, dispersed among the following proteins NSP3, NSP6, NSP12,
Spike, ORF3a, and Nucleocapsid.

The analysis in this study revealed an increase in the number of variations accumulated throughout the pandemic, and most
of the non-synonymous mutations were in the Spike and Nucleocapsid genes. Sustained molecular surveillance of SARS-
CoV-2 is essential to identify new variants and their impact on control measures of the pandemic and also important in the
process of vaccine production.

Keywords : COVID-19, SARS CoV-2 Sequences, Variations, Bioinformatics

HCoV-OC43 give rise to mild respiratory symptoms
similar to the common cold (Guo et al., 2020, Liu et al.,
2021), while the B-CoVs, SARS-CoV, and Middle East
Respiratory Syndrome-Coronavirus (MERS-CoV) lead to
severe and possibly fatal respiratory tract infections (Guo

1. Introduction

The recent pandemic, Coronavirus Disease-2019
(COVID-19) caused by Severe Acute Respiratory

Syndrome-Coronavirus2 (SARS-CoV-2) has made a
threatful health problem since its appearance in Wuhan
City, China(Wu et al., 2020, Li et al., 2020). This
pandemic has reached 220 countries, infected at least
206,987,517 individuals, and caused 4,358,629 deaths. In
Iraq, the number of cases has reached 1,761,143 and
19,541 deaths, as of 10th May 2021 (Worldometer, 2021).

Coronaviruses (CoVs) are members of a diverse family
of enveloped, positive-sense, single-stranded RNA-
viruses, called Coronaviridae(Alluwaimi et al., 2020).
The CoVs include four genera, the a- and B-CoV infect
mammals, whereas y- and 6-CoV are related to birds
(Worldometer, 2021, Guo et al., 2020). Seven species of
CoVs are capable of infecting humans. The a-CoVs
HCoV-229E, HCoV-NL63, B-CoVs HCoV-HKU1, and

et al.,, 2020). The results of whole genome sequencing
analysis have revealed that the SARS-CoV-2 is 96.2%
similar to bat CoV (RaTG13), 79.5% to SARS-CoV, and
50% to MERS (Guo et al., 2020, Hu et al., 2021).

The genome size of SARS-CoV-2 is 29903 nucleotides,
which contains 12 open reading frames (ORFs) encoding
27 proteins (Rahimi et al., 2021, Gordon et al., 2020, Wu
et al., 2020). It starts with 265 nucleotides, 5" UTR, and
ends with 358 nucleotides, 3' UTR. The first ORF spans
over 67% of the viral genome encoding 16 non-structural
proteins (NSPs); these NSPs are mainly involved in the
transcription and replication processes of the viral genome.
Followed by the structural genes; membrane (M), Spike
glycoprotein (S), Nucleocapsid (N), and Envelope (E)
genes respectively. The other accessory proteins are
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encoded by the remaining ORFs dispersed between the
structural genes (Kumar et al., 2020).

Variations in the nucleotides and amino acid sequences
are necessary for the viruses to adapt and evolve in the
environment or the host. These variations enable viruses to
evade the host immune system (Agudelo-Romero et al.,
2008). Furthermore, some variations might alter the
pathogenicity or the rate of infectivity of the virus
(Abdullahi et al., 2020). For instance, mutations in the
furin cleavage site have made SARS-CoV-2 more
contagious than SARS-CoV (Huang et al., 2020).

Due to the rapid spread of the disease, several studies
have been conducted seeking changes in the viral genome.
Koyama et al. (2020) analyzed 10,022 SARS CoV-2
genomes from 68 countries; most of the genome sequences
were isolated in the United States of America, the United
Kingdom, and Australia. Overall, their analysis showed
5,775 distinct genome variants (Koyama et al., 2020).

Analysis of further genomic sequences in a wider range
of countries (28 countries) has shown variants correlated
with increased transmissibility, infectivity, and fatality rate
(Dumonteil et al., 2021, Toyoshima et al., 2020).

Since its emergence, many genomic sequences of
SARS-CoV2 were uploaded to the global databases from
diverse geographic areas and at different times (NCBI,
2021, Gisaid.org, 2021). It is crucial to monitor these
genomic sequences for possible variations to understand
and trace the evolution and spread of the virus; in turn, this
will have a significant contribution to versatile planning in
the prevention and development of therapeutic vaccines
for the virus, as well as self and community protective
measures. This study aimed to analyze genomic and
proteomic sequences of SARS-CoV-2, specifically those
newly submitted to global databases from different
geographical areas and explore the mutation rate and the
effect of these mutations on the proteins produced by the
virus.

2. Methodology

2.1. whole genomic sequences

Forty genomic sequences of SARS-CoV-2 were
downloaded from the GISAID (Gisaid.org, 2021) from 20
countries as FASTA format file (Mexico, Bulgaria, France,
Italy, Belgium, Ukraine, Botswana, Brazil, Spain,
Indonesia, Russia, Romania, Ghana, USA, Czech
Republic, Monaco, Austria, Cameroon, England, and
Scotland) (Table 1). The reference sequence of SARS-
CoV2 (Accession number; NC_045512, Dec/2019) was
obtained from NCBI (NCBI, 2021).

Table 1 The continents where the genomic sequences of SARS-
CoV-2 were downloaded from.

Continents No. of countries No. of sequences
Asia 1 2

Europe 13 29

North America 2 5

South America 1 1

Africa 3 3

Sum 20 40

The downloaded sequences in this study were
originally uploaded to GISAID (Gisaid.org, 2021) between
12/Dec/2020 to 20/Mar/2021. For the bioinformatic
analysis only high-quality and full-length sequences with
known collection date were included in this study.
Incomplete and low coverage sequences with more than
5% ambiguous bases (Ns) were excluded.

2.2. Sequence processing and alignment

Before we proceed with the analysis, a single FASTA
format file was created, including all the 40 genomic
sequences along with the reference genome. This file was
then used to convert the genomic sequences to their
relevant amino acid sequences by the online bioinformatic
software Expasy (Duvaud et al., 2021). Then, both the
nucleotide and amino acid reference sequences were
annotated by SnapGene software (V 5.1.5) to determine
and highlight the exact position of the genes and proteins,
based on the information provided by the reference
sequence of SARS-CoV2 on NCBI (NCBI, 2021).

Finally, the FASTA files for both the genomic
sequences and the amino acid sequences were used in the
multiple-sequence alignment tool (Clustal Omega) to align
both nucleotide and amino acid sequences in two separate
runs (Sievers et al., 2011, Gasteiger et al., 2003).

2.3. Result visualization

The results of the alignments were visualized by the
UGENE software (V.37). The nucleotide and amino
acid variations were observed in the aligned
sequences when compared to the reference
sequences. The observed variations in the genomes
and proteins were recorded in Microsoft Excel (V.
Professional plus 2016), which then were analysed
accordingly.

3. Results

Forty genomic and proteomic sequences of SARS-
CoV2 derived from twenty countries downloaded were
compared and analyzed with the reference sequence
(Accession number; NC_045512). The total number of
nucleotide variations was 1264, of which 1181 (93.43%)
variations were SNPs, 82 (6.49%) deletions and 1 (0.08%)
insertion. The average nucleotide variation per sequence
was 31.6, as shown in (Figure 1).

The types of variations
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Figure 1. The types of variations. Of the total 1264 variations
observed, 1181 (93.43%) are SNPs, 82 (6.49%) deletions, and 1
(0.08%) insertion (Blue columns). The average nucleotide
variation per sequence (Redline) is 31.6.
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Of these 1264 nucleotide variations, 745 (59%) had
changed amino acid sequences (non-synonymous
mutations), while the other 519 (41%) were synonymous,
which had not altered the codon sequences in a manner to
change the corresponding amino acid compared to the
reference sequence (Figure 2).
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Figure 2: Synonymous Vs. Non-synonymous mutations. 59% of
the observed variations changed the amino acid sequence (Non-
synonymous mutations shown as red column), while the remained
41% were silent mutations that didn’t alter the amino acid
sequence (Synonymous mutations shown as blue column).

Based on the type of the nucleotide change, the most
frequent nucleotide conversion was Cytosine (C) changed
to Thymine (T) (521 /44.1%) (Figure 3), followed by
Adenine (A) to Guanine (105/ 8.9%), G to T (90/ 7.63%),
T to C (86/ 7.28%), G to A (80/ 6.77%), and A to T (79/
6.7%). C to A and G to C both 74 times (6.265%), T to A
(28/ 2.38%), T to G (27/ 2.28%), A to C (11/ 0.93%) and C
to G with the least number (6/ 0.5%). The C substitution to
other nucleotides was about 50.8%. The G substitution to
other nucleotides was 20.6%, T to other nucleotides was
11.9%, and A to other nucleotides was 16.5%.
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Figure 3: Types of nucleotide changes. The C substitution to
other nucleotides is the most frequent nucleotide change with
50.8%. The C - T change shown at the bottom of the graph is the
most prominent nucleotide change (44.1%). Other mutations are
close to each other in distribution ( The C substitutions: 20.6%, T
substitutions: 11.9%, and A substitutions: 16.5%).

On the protein level, the most variations were located
in the spike protein with 273 (36.63%) of the total 745
amino acid variations (Figure 4). Oppositely, the lowest
number of variations was 1(0.12%) in NSP8 and Envelope
protein, and 0 in the NSP1, NSP15, ORF6, and ORF7bh.
Other proteins were NSP7 and ORF7a with 2 (0.29%)
variations, NSP16 (3/ 0.40%), NSP14 and ORF10 (4/
0.53%), Membrane protein and NSP5 (5/ 0.67%), NSP9(8/
1.10%), NSP4 (10/ 1.34%), NSP13 (18/ 2.40%), NSP2(20/
2.69%), ORF3a (23/ 3.08%), NSP6 (32/ 4.28%), NSP12
(53/ 7.11%), ORF8 (71/ 9.52%), NSP3 (92/ 12.33%) and
Nucleocapsid protein with 116 variations (15.60%). The
average amino acid variation was 18.625.
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Figure 4 Amino acid variations of proteins for SARS-CoV-2
(Blue columns). The highest number of variations have been
recorded in the spike protein (273), followed by Nucleocapsid
(116) and to a lesser extent in NSP3 (92). Proteins with a low
number of variations (NSP8, Envelope protein, NSP1, NSP15,
ORF6, ORF7b, NSP7, ORF7a, NSP16, NSP14, ORFI10,
Membrane Protein, NSP5) are not shown here. The average amino
acid variation per sequence is 18.6 (Red line).

Finally, this study showed the presence of significant amino acid
variations revealed by their high frequency. In the analysis,
twenty-four amino acid variations were repeated more than five
times for 7 different proteins (Figure 5). Of these, three variations
were from NSP3, T183I, A890D, and 11412T, all found in 19
different aligned sequences. 106-108 Del from NSP6 has been
repeated 21 times. There were 39 times repetitions of P323L at
NSP12. In the spike protein, there were nine amino acid variations
which are 68-70 Del and A570D with both 20 times, P681H (22
times), D614G (39 times), N501Y (23 times), 144 Del (19 times),
and 19 times repetition for T716 I, S982A and D1118H. ORF3a
contained one such variation, which is Q57H that is repeated
seven times. The Q27, R52 |, and Y73C with the frequency of 19,
and K68 with nine presented in ORF8. Five frequent variations
were found in the N protein; these are R203K, and G204R shared
in 26 sequences, T2051 found in 6 sequences, S235F, and D3L
repeated in 19 sequences. The remaining amino acid variations
with frequencies lower than five were neglected.
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Figure 5: Frequency of highly repeated amino acid variations
(more than five times) within the 40 SARS-Cov-2 genome
sequences. D614G in spike protein and P323L in NSP12 (39
times), with R203S and G204R in Nucleocapsid protein, are the
most repeated changes among the frequent amino acid variation.

4, Discussion

This study analysis showed a high number of
nucleotide variations, with an average of 31.6 from 40
genomic sequences when compared to the reference
sequence  (Accession number; NC_045512). The
predominant type of variation was SNPs. This
phenomenon is suggested to be associated with the error-
prone viral RNA-dependent RNA polymerase or by
mechanisms of the host cell RNA editing enzymes as a
defense mechanism (Mercatelli and Giorgi, 2020).

The type of nucleotide change (shown in Figure 3)
showed C-T change to score the highest value. The
average nucleotide variation in this study was higher than
in the study by (Mercatelli and Giorgi, 2020). It might be
caused by the higher number of mutations accumulated
over time, and a lower number of sequences analyzed in
this study. The reason for this mutational bias toward
C-T is not completely understood, but there are two
possible explanations, the codon usage bias, and the RNA
editing host enzyme APOBEC (Pollpeter et al., 2018,
Ghosh and Chakraborty, 2020). However, it has been
observed that the translational preference of a few codons
is strongly correlated with the mutational bias imposed by
genome compositional constraint and influenced by natural
selection, especially in the second and third codon
position, which is more biased towards the AT/U content.
This is determined by the relative synonymous codon
usage (RSCU) value with an average of 64.19% at the
second position and 65.24% at the third position,
respectively (Ghosh and Chakraborty, 2020).

Of the 1264 nucleotide variations, there were more
non-synonymous mutations in comparison to synonymous
mutations (shown in Figure 2). Analysis of 3067 SARS-
CoV-2 whole genome sequences isolated from 55

countries revealed 782 variant sites, 65.98% non-
synonymous, and 28.39% synonymous mutations. The
remaining 5.63% was in the intergenic regions of the
genome (Laamarti et al., 2020). Despite the higher number
of sequences included in the study, the number of
variations is lower compared to the current study. These
differences might be due to different submission dates of
the downloaded sequences. Furthermore, Laamarti et al.
(2020) analyzed sequences from the first three months of
the emergence of the disease, while the sequences
analyzed in this study were after twelve months
(December 2020); for this reason, a higher number of
variations potentially accumulated since the emergence of
the virus in Wuhan, China at December 2019 (Laamarti et
al., 2020).

Non-synonymous mutation distribution (shown in
Figure 4) shows the predominance of variants in S and N
proteins. Other proteins contained a lower number of
variations, and some of them had no variation at all. The
high mutation rate in the spike protein is due to its
receptor-binding properties and immunogenicity, and it is
supposed to be the major target for antibodies (Singh et al.,
2020). The N protein is also one of the critical targets for
B cells to be targeted by antibodies, the most abundant
protein in coronaviruses, and highly immunogenic
(Oliveira et al., 2020). Both proteins are under immune
system pressure (Forni et al., 2020).

We only recorded the most repeated mutations, equal to
or more than five-time frequency. Of these recorded
mutations, the 68-70 Del, A570D, P681H, D614G,
N501Y, 144 Del, T716 I, S982A, and D1118H were in the
S protein (shown in Figure 5). Similar mutations were
found in VOC belonging to B.1.1.7 from the viral
sequences in Czech Republic, France, Ukraine, Ghana,
Italy, England, Bulgaria, Spain, Belgium and Botswana
(Davies et al., 2020, Ramirez et al., 2021, ASSESSMENT,
2020).

Some preliminary data on the effect of 68-70 Del,
N501Y, D614G, and P681H has been discovered. The
G614 variant, which has emerged as a predominant clade
in Europe and is spreading worldwide, predominates over
time in locales where it is found, implying that this change
enhances viral transmission. This mutation increases the
entry to ACE2-expressing cells more efficiently due to the
decreased shedding of the Sil-domain and higher
incorporation of S-protein into the virion (Zhang et al.,
2020, Isabel et al., 2020). The N501Y mutation appears to
increase the affinity of interaction with murine and human
ACE?2, as it is one of the key residues in the receptor-
binding domain of Spike protein (Ramirez et al., 2021, Gu
et al., 2020, Starr et al., 2020). The P681H is placed
immediately in the spike furin cleavage site (Peacock et
al.,, 2021, Kemp et al., 2020). However, the functional
effect of this mutation is not well understood. The 69-70
deletion-mutation has been determined to increase the viral
infectivity in vitro, associated with immune evasion in
immunocompromised patients, and has also been shown to
be related to the problems in the SARS-CoV-2 RT-PCRs
assays targeting the S gene (Ramirez et al., 2021, Kemp et
al., 2020b). However, the exact impacts of these mutations
on transmissibility, infectivity, and clinical severity are not
known up to this time and remain to be fully elucidated.

The N protein contained five frequent variations,
R203K and G204R (Russia, Brazil, Cameroon, Mexico,
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France, Ukraine, Ghana, Italy, England, Bulgaria, Spain,
and Belgium), T2051 (USA, Indonesia, Monaco, and
Botswana), S235F and D3L (France, Ukraine, Ghana,
Italy, England, Bulgaria, Spain, and Belgium). It has been
shown that R203K and G204R increase positively charged
site, and might increase local rigidity with the removal of
Gly204. (Garvin et al., 2020). The exact role of mutations
in the N beyond RNA and protein interaction interfaces in
the pathogenesis of the virus requires further investigations
(Singh et al., 2021).

The NSP3 follows the N protein based on the number
of mutations per protein with 92 mutations. Three
variations were frequent in our results in the NSP3, which
are T183l, A890D, and 11412T (Bulgaria, Italy, Belgium,
Ukraine, Spain, France, Ghana, and England). Loconsole
et al. (2021) identified these mutations from a patient
traveling back to the Apulia Region in Italy from London,
UK (Loconsole et al., 2021). The functional effect remains
to be explored.

Four recurrent mutations, Q27*, R52l, Y73C, and
K68*, were identified in ORF8 (France, Ukraine, Ghana,
Italy, England, Bulgaria, Spain, and Belgium). The
functional effect of Q27* and K68* is the truncation in the
protein structure(Pereira, 2021). These mutations do not
seem to have a harmful effect on the virus, as the
morbidity and mortality rates have not decreased despite
the presence of these mutations in the circulating variants
(Pereira, 2021).

The P323L mutation in NSP12 had a frequency of 39
times (Bulgaria, Italy, Belgium, Ukraine, Italy, Spain,
France, Ghana, Monaco, England). The P323L is unlikely
to influence polymerase enzymatic activity directly as it is
located distal to the NSP12 catalytic core. Instead, this
residue is located at the surface of NSP12, near one of the
binding sites for NSP8. However, this mutation could
modify the NSP8 interaction or interaction with a yet
unknown viral or host factor (Peacock et al., 2021). Also,
P323L is associated with epitope loss, which could
influence the pathogenesis of antibody escape variants
(Hasan et al., 2021). However, Hasan et al. (2020)
describe that this mutation might affect the proofreading
activity of RNA-dependent RNA polymerase (RdRp),
provoking other changes (Pachetti et al., 2020).

The amino acid deletions 106-108 in NSP6 known as
the 'SGF deletion (Bulgaria, Italy, Belgium, Ukraine, Italy,
Spain, France, Ghana, Monaco, England), identically
found in B.1.1.7 lineage, the P.1 lineage, and several
isolates from the B.1.351 lineage. NSP6 is a multi-pass
transmembrane protein that is thought to be involved in
autophagy and antagonism of innate immune responses,
but the influence of this deletion on virus phenotype
remains unclear (Peacock et al., 2021). The three
successive amino acid deletion 106-108 has caused these
variants (P.1, B.1.1.7, and B.1.351) more transmissible
than previous circulating variants with possible increased
risk of hospitalization, severity, and mortality in the
(B.1.1.7). No impact was reported in-hospital mortality
(B.1.351), and the effect on (P.1) is under investigation
(WHO, 2021).

The Q57H is located in ORF3a (US, Indonesia,
Monaco, France, Botswana), which codes for a protein that
regulates inflammation, antiviral responses, and apoptosis
in the infected cells (Joshi et al., 2021). Q57H mutation
might affect inflammasome activation (Hassan et al.,

2020). Other proteins had fewer variations and did not
attract much of the study’s attention, although they did not
contain variations repeated five or more times.

5. Conclusions

The analysis in this study showed an increased number
of mutations accumulated over time, revealed by the
average number of mutations per sequence (31.6) in
comparison to the studies mentioned previously, in the
course of the pandemic, a year after the onset. A higher
number of non-synonymous mutations were recorded
compared to the silent mutations. Most of these mutations
were located in the Spike and Nucleocapsid proteins due to
their immunogenic properties as being major targets of B
cells. Our results also showed some major amino acid
variations that have been shown to increase viral entry to
ACE?2 expressing cells.

The amino acid variations have the possibility to either
positively or negatively alter proteins, subsequently
changing the phenotype of the virus such as infectivity,
virulence, and tissue tropism. Moreover, it can also affect
the decision on the process of vaccine development.

Having applied restricted criteria for the collected
sequences, one limitation of our study could be a low
number of whole genome sequences included in the
analysis. Including further genomic sequences and
restricting the analysis on the structural genes is the ideal
starting point for future analysis. Finally, continued
molecular observation of the SARS-CoV-2 genome is
necessary to identify new emerging variants and their
impact on the control measures and prevention plans of the
pandemic.
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Abstract

Background: Global outburst of coronavirus has challenged the whole world to discover drugs to combat the current
pandemic. Repurposing drugs is a promising approach as it provides new openings to challenge the emerging COVID-19.
However, in the epoch of big data, artificial intelligence (Al) technology offers to leverage computational methods for
finding new candidate drugs through an In-silico approach.

Aim and Obijectives: The aim and objectives of our present work basically are the designing of a plant-derived compound
against the COVID-19 receptors which might act as effective therapy along with predicting the outcome of the disease with a
deep learning program language that is python (anaconda) 2.7 version.

Methodology: Artificial Intelligence technology helps in understanding the interactions of coronavirus with receptors
through the computer-aided drug designing process (CADD). The ligand-protein interactions were prepared with the
Maestro (Schrddinger) program which aids to study the docking pose of artemisinin compound with SARS-CoV-2 receptors
like 7CTT, a nonstructural protein (NSP) and 7MY 3 Spike glycoprotein. Thus, Artificial Intelligence technology examines
the drug-target interaction with Neural Networking built with a deep learning machine algorithm and predicts the outcome of
the disease with python program language.

Results: Artemisinin exhibited the highest antiviral activity against the SARS-CoV-2 receptors like 7CTT and 7MY3. The
three-dimensional structures of the ligands and SARS-CoV-2 receptors were retrieved from the PubChem Open Chemistry
Database. The ligand-protein interactions were performed with the help of the Maestro (Schrédinger) program, which
revealed MM/GBSA values of 7CTT interaction with derivative ligands of antimalarial compounds such as D95 (-45.424),
artemisinin (-35.222), MPD (-31,021), MRD (-21.952) and 6FGC (-34.089), whereas with 7MY3 spike glycoprotein
interactions MMGBSA values for D95 (-26.304), MPD(-18.658), MRD(-28.03) and 6FGC (-13.47) binding affinities have
followed Lipinski rule of 5 and further predicted the outcome with random forest decision tree with an accuracy of about
75% with python program.

Conclusion: Repurposing of the drug through an In-silico approach against the SARS-CoV-2 virus revealed its antiviral
actions. The docking studies approach has shown the XP score, gliding energy, and MMGBSA values which were predicted
with a deep learning program built with Artifici