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Abstract

Worldwide, the implementation of computational tools has allowed the ad-
vancement of our understanding, specifically, biotechnological information
tools have made possible to tackle global challenges such as the COVID-19
pandemic; therefore, such tools are essential for science students. We propose
an activity to teach the use of information and database biotechnologies and
their utility for the alignment and comparison of sequences. We use as query
sequence the corresponding to SARS-CoV-2 Spike protein in its closed state,
and we compare it with 200 sequences obtained from the NCBI databases to
identify the mutations and their domain. In the results, we show the frequen-
cy of the mutations, domain, and country of the isolated SARS-CoV-2 ge-
nome. The activity we propose is aimed at first-year undergraduate students
in physics, biology, and biotechnology.
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1. Introduction

SARS-CoV-2, the virus responsible for the COVID19 pandemic, has been the
subject of several investigations. It was outbroken in late December 2019 in Wu-
han, China, and on March 11, the World Health Organization increased the status
to a maximum emergency and declared COVID-19 a Pandemic (World Health

Organization, 2020a). SARS-CoV-2 is the causative agent of the severe acute res-
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piratory syndrome and is characterized by an estimated average incubation pe-
riod of 6.4 days, although it can vary from 2 to 11 days, and in some cases, it ex-
tends up to 14 days (Backer, Klinkenberg, & Wallinga, 2020; Lauer et al., 2020;
Liu, Gayle, Wilder-Smith, &Rocklév, 2020).

For the development of the activity, it is necessary to describe the genomic
organization and the main characteristics of the virus. In general, CoVs are
pleomorphic viruses that contain crown-shaped peplomers with a size of 80 -
160 nM and positive-sense single-stranded RNA (ssRNA+) genome of 27 - 32
kb. The SARS-CoV-2 virus has a 96% similarity with the genome of a bat coro-
navirus (RaTG13) and similar composition to SARS-CoV-1 (70% - 80%) and
MERS-CoV (50%); all of them have emerged from animal reservoirs and are
classified within the S-coronavirus (Lu et al., 2020; Zhou et al., 2020; Sun, Yang,
Sun, & Su, 2020; Wu, Zhao, Yu, Chen, Wang, & Song, 2020; Taiaroa et al., 2020).
The SARS-CoV-2 genome has been completely sequenced and is composed of
29,033 nucleotides that include at least ten open reading frames (ORF), of which
the ORFla/b correspond to 2/3 of the viral RNA and are translated into two
large overlapping polyproteins, ppla and pplab, encoding 16 non-structural
proteins (NSPs); while the rest of the ORF encodes structural and accessory pro-
teins (Li, Geng, Peng, Meng, & Lu, 2020; Taiaroa et al., 2020). The structural
proteins that make up the virus are Spike (Spike or S), nucleocapsid (N), matrix
(M), and envelope (E) (Cascella, Rajnik, Cuomo, Dulebohn, & Di Napoli, 2020;
Guo et al., 2020). In this activity, we will approach the Spike glycoprotein which
consists of a class I fusion trimer in a metastable prefusion conformation and
undergoes substantial structural rearrangement and numerous conformational
changes to fuse the viral membrane with the host cell membrane. In fact, Spike is
the coronavirus’s essential surface protein, and some vaccines are made using
fragments of its mRNA (World Health Organization, 2020b; Wrapp et al., 2020).
The Spike protein comprises two subunits, S1 and S2, where S1 is responsible for
binding to the host via the receptor-binding domain (RBD) and S2 for viral and
host membrane fusion. In SARS-CoV-2, RBD (~21 kDa) is located in the 332 -
524 region of the Spike protein and exhibits strong binding to its receptor, the
angiotensin-converting enzyme 2 (ACE2) (Tai et al., 2020). It should be noted
that SARS-CoV-1 and SARS-CoV-2 have an unusually high proportion of evolu-
tionary convergent amino acid sites in the RBD of Spike and its associated pro-
tein, ORF3a, which could explain that both viruses are adapted for the same re-
ceptor (ACE2) in addition to both having general structural homology (Wrapp
et al., 2020; Wu, 2020; Zhou et al., 2020).

The complementary domains of the Spike protein are the N-terminal domain
(NTD), the fusion peptide (FP), the heptads 1 and 2 (HR1, HR2), the central he-
lix (CH), and the connecting domain (CD) (Figure 1), whose specific functions
are fundamental in the fusion process between the viral envelope and the mem-
brane of the host cell.

The COVID 19 pandemic is a phenomenon that impacted all sectors of society.
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Figure 1. Structure of the SARS-CoV-2 Spike protein. The localization of the domains is based on Walls, Park, Torto-
rici, Wall, McGuire, & Veesler, 2020.

Particularly in education, it was an event that generated disruptive thinking
among students and teachers due to the urgent need to use information and com-
munication technologies as an indispensable element for the teaching-learning
process. The best educational practices require that the contents of the courses
are contextualized within an immediate social reality, and therefore, in this pa-
per, we present a proposal for teaching the use of NCBI databases for the align-

ment and comparison of sequences of the Spike protein from SARS-CoV-2.

2. Materials and Methods

The activity proposed in this paper uses technological resources and open-source
scientific tools to identify SARS-CoV-2 recent genetic mutations from a sample
of genomes isolated from patients from different nationalities and regions. To
exemplify the activity, we analyzed 200 different sequences of SARS-CoV-2,
chosen randomly from more than 44,000 available sequences, to verify the ge-
nomic organization and compare them with a reference sequence to find and
punctually identify the existing variables of Spike protein.

The database used to access the sequences is available at the National Center
for Biotechnology Information (NCBI) (2020a). The reference sequences or
query can be obtained by downloading the FASTA file from the Protein Data
Bank (PDB) using the identification code 6VYB, while the subject sequences
were extracted from the NCBI Gen Bank.

As the starting point of the activity, the professor must instruct the students to
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enter the NCBI database that has been specially designated for the SARS-CoV-2
sequences (Figure 2), and that is daily updated with new genomes. When enter-
ing the database, the students must select the Nucleotides section to quickly
consult the accession number, the release date, the species, the length of the se-
quence, the geographic location, the host, and the date of collection. The results
are then filtered by the host so that the chosen sequences correspond to humans
(Homo sapiens). The access number link of each sequence redirects to the Gen
Bank page where they can consult information regarding the source, authors,
title of the work, the journal where it was published, the laboratory where it was
submitted for analysis and sequencing, the length, and the amino acid sequence.
From this document, the Spike protein’s ID is obtained, which will be used as
the subject sequence for the alignment.

As a next step, it is recommended that the student understands the importance
of finding differences between amino acid sequences to align the chosen Spike se-
quences later using the National Center for Biotechnology Information (2020b)
protein-BLAST tool (Figure 3). As a query sequence, the FASTA file downloaded
from the PDB is selected, and in the subject section, the IDs of the Spike protein
obtained from the NCBI Gen Bank are captured. For further analysis, students are
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Sequences fur discovery

Severe acute respiratory syndrome coronavirus 2 data hub + Batacoranavirus BLAST®
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5 + HCBISARS-CoV-2 Resaurcas
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— bed | pownis | [ T—
Refine Results
g MNucleotide (44,926) Protein (485,373) RefSeq Genome (1)
Virus +
£ E Accession Release Date ¢ Species & Length ©  Geo Location ¢ USAS  Host®
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tawid:2697049 o 020 " iy I8 isia
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Accession + 15 29
Sequence Length + 2020-12-15 29896 Tunisia Homao sapiens
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Figure 2. SARS-CoV-2 genome database from the NCBL.
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Figure 3. Identification of the Spike-SARS-CoV-2 variables using the NCBI protein-BLAST
tool.
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required to select the Alignments section and visualized it as pairwise with dots
for identities or query-anchored with dots for identities. This type of visualiza-
tion allows students to identify the variants quickly and to get involved with the
analysis. In the event of an offset in the subject sequences with respect to the
query, the students must capture it as an observation or a note in the resulting
database since this information must be taken into account when analyzing the
location of the variants in the protein domains, which is carried out utilizing the
Graphics resource of protein-BLAST based on the position of the domains in the
query sequence (Figure 4).

If an offset has been identified, the student is instructed to make the corres-
ponding adjustment of the variants’ positions concerning the query sequence.

Subsequently, it is identified whether the variants in question are located in a

Enter Get query
Protein Data sequence from
ID: 6VYB

Bank

J

Enter NCBI
Protein-BLAST Mutation
for the identification
alignment
Variant

localization by

domain and Sequence offset

identified?

Select access secondary
number for structure
redirection to
Genbank
4 No
* Yes
Information is deposited in . . |
. . Adjust variant | _
Get Spike a database using digital |<+—— position -
protein ID collaboration tools
— ‘
Results: analysis
and
interpretation
\ 4
End of activity
Figure 4. Activity diagram.
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structured region using the Sequence section of the PDB where the Spike protein
is described in terms of a symbology associated with the secondary structure.
Finally, the information is deposited in a database that includes sequence ID,
geographic region, Spike protein ID, list of the identified variants, the domain in
which each variant is located, type of secondary structure, and observations. This
database is made available to all participants through a digital platform as a

shared resource.

3. Results

We propose an activity-oriented to the teaching of bioinformatics; in this exam-
ple, we analyzed 200 randomly selected sequences of the SARS-CoV-2 Spike
protein, which were obtained from 34 regions of the world, being the most fre-
quent the United States of America, which corresponds to 17.5% (Figure 5),
followed by India and Germany. Defining the geographic distribution of the ge-
nomes, especially of the specific variants, is of great importance for developing
strategies to contain the virus at regional level. Koyama and collaborators (2020)
carried out a large-scale analysis similar to this activity, in which 15,755 se-
quences from 68 countries were analyzed, and they found that most of the ge-
nomes came from the United States of America. Therefore, with this activity, the
students can extrapolate the information obtained to a real situation of global

importance.
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Figure 5. Sequences frequency by country.
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In this analysis, 1512 mutation events were found, corresponding to 82 different
variants of which 57.4% are located in the SD domain of the Spike protein
(Figure 6), the most frequent being E607Q and P986K (Figure 7). The D614G
variant should be highlighted since it has been identified in different large-scale
studies and constitutes one of the most common clades of Spike variants that
amino acid is responsible for the initial interaction of the virus with the human
host cell (Mercatelli & Giorgi., 2020; Koyama, Platt & Parida, 2020).

HR1 HR2 WENTD
2% 0.1% NTD SD
o 15.4% [—pes
24.2% RBD 0o
0.6% I HR1
HR2
FP
01%
S2
0.3%

SD
57.4%
Figure 6. Percentage of mutations by location in the SARS-CoV-2 Spike protein
domains.
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Figure 7. Frequency of mutations. The most representative mutations obtained from the
random analysis are shown.
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The activity allows students to obtain preliminary data from the sequences
and generate hypotheses about the biological significance of the variants and
their implications; it should be taken into account that the databases are updated
continuously and that the virus’s intrinsic characteristics can lead to new mutations.

We achieved the main goal of this activity, which is that the students can un-
derstand the importance of biotechnological information tools and apply them
to tackle real problems, this is particularly significant for first graders since they
are beginning to shape their path in science and need a vision as broad and
complete as possible of the tools available according to their level. As for the
learning process results, all students performed the activity satisfactorily, enthu-
siastically expressed what they learned from the activity, and showed interest in

pursuing an advanced course with a focus on bioinformatics.

3. Conclusion

The implementation of computational tools for the analysis of biological infor-
mation is of great relevance worldwide. In this activity, these tools focus on the
analysis of sequences whose interest, particularly during the SARS-CoV-2 out-
break, is such that several large-scale studies have been carried out to understand
the viral genome’s variability since this influences the strategies and policies im-
plemented to contain and understand the outbreak. This activity allows students
to apply their knowledge to a relevant topic and expand their global vision of
bioinformatics impact on science. The activity proposed in this work is a clear
example that digital literacy is essential for teaching processes during times of
pandemic, and its use will transcend beyond it. We also show that bioinformat-
ics is a necessary complement in sciences such as Physics, Biology, and Biotech-
nology because it enables efficient experimental methods.

The nature of SARS-COV-2 allows it to be a more stable virus, with fewer
mutations than others such as HIV or Hepatitis C, however, the specific identi-
fication of its mutations is of utmost importance since they could become resis-
tant or unrecognizable by the currently approved vaccines. Of course, this
work’s activity is an academic exercise whose purpose is only to introduce stu-
dents to the management of biotechnological information tools and motivate
them to take advanced courses that allow them to develop skills inherent to their

professional training.
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