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Abstract Review Article

The biology of the SARS-CoV-2 virus leads to constant changes in its genome through mutations, so the appearance
of variants is an expected fact. Since evolutionary adaptation and diversification has been observed globally
throughout the pandemic. Most of the mutations that arise do not provide a selective advantage to the virus, or
phenotypic changes that imply alterations in the behavior of the infection. There is concern with the appearance of one
or more variants that escape the effect of the neutralizing antibodies generated after a previous infection or
vaccination, which could lead to cases of reinfection or loss of vaccine efficacy. These variants could be associated
with a decrease in the sensitivity of certain diagnostic techniques, although most of these techniques use several
different genes to avoid this effect. The genomic sequencing of SARS-CoV-2 and the platforms used to monitor the
different varieties and observe how they are circulating around the world are reviewed.
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INTRODUCTION

When viruses penetrate the cells of an infected
organism, it makes use of the machinery of those cells
to replicate its genetic material, DNA or RNA, and
produce thousands of copies, following the instructions
contained in it. In all this process errors or mutations
can occur, so that some of the new replicas of the
hereditary molecule are slightly different from the
original. A new genetic variant of the virus would thus
emerge. On very few occasions this mutation confers
any advantage on it; such as, for example, favoring their
ability to spread. In that case, the new variant would
expand more rapidly, progressively replacing the
existing ones until it became the majority. And the
normal thing is that during an epidemic, different
variants of the same virus coexist in different
proportions. Thus, the natural selection process is one
of the mechanisms that drives the evolution of beings
capable of reproducing themselves and transmitting
their inheritance to the next generation; another is
genetic drift [1]. When it acts on a population of
viruses, it is when variants with different transmission
capacity arise. But that's not their only way of acting
from viruses; in many cases it can occur, for example,
under the influence of an environmental factor that, in
comparative terms, favors the survival and proliferation
of certain genetic variants over others. In this way, the
dominant ones leave more offspring, so their genetic

traits will end up becoming the majority in the
population. We call this factor selective pressure.
Antivirals and vaccines can act, as far as viruses are
concerned, as selective pressures and act in this way
when they prevent or hinder the reproduction of certain
variants but not others. In that case, they would
suppress or make the former a minority, leaving free
way for the latter to proliferate. This is what happens
when a variant of a virus is resistant to the action of an
antiviral or a vaccine. And it is not difficult for such
resistance to emerge. In addition, antivirals are often
administered when an infection has already occurred
and there are already millions of viral particles in the
host organism. In such circumstances there are millions
of viruses that can potentially mutate and become
resistant to the drug. And on the other hand, the effect
of an antiviral, such as that arising with an antibiotic in
bacteria, is usually based on the action on a single
cellular process, and the probability that a genetic
variant resistant to such action will emerge is not low.

As vaccines are administered before an
infection occurs, so that the defenses they generate can
act before the pathogen proliferates in the body, thus
preventing the emergence of millions of potential
resistant variants when multiplying. And because the
vaccine induces the production of antibodies that act
against different targets, called epitopes, in pathogens.
The probability that, due to mutation, genetic variants
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will arise that modify all the epitopes and, in this way,
avoid the action of the antibodies is very low, although
it is not null. Therefore, it is very important to avoid the
transmission of SARS-Cov-2, and thus it would prevent
individuals from becoming infected; furthermore, by
limiting their proliferation, the probability that variants
will emerge that may be more easily transmissible or
that generate resistance to vaccines. Therefore, the
genome of every organism is the set of all its genetic
information and that defines its main biological
characteristics. The first genome of the SARS-CoV-2
coronavirus was obtained in January 2020 and was a
step to better understand how the virus behaves and
acts. Since then, more than 40,000 SARS-CoV-2
genomes have been sequenced around the world,
information that is making it possible to monitor and
track how the virus spreads thanks to genetic and
molecular epidemiology studies. STRUCTURE AND
GENES OF SARS-CoV-2 The causative agent of
Covid-19 is a beta coronavirus and belongs to a family
of viruses that can cause respiratory symptoms ranging
from the common cold to severe pneumonia [1]. SARS-
CoV-2 is a virus belonging to the genus B-coronavirus,
whose genetic material is a chain of ribonucleic acid
(RNA). The genetic material of the virus of
approximately 30 kb, is protected from the environment
by four main structural proteins (Figure 1), which are:

e Protein E (envelope) is a transmembrane
component of the virus, which is involved in the
exchange of ions between the interior of the viral
particle and the environment. It is also involved in
the process of entering the virus into the host cell
through interactions with cell membrane proteins.

e The M protein (membrane), which is a
glycoprotein that acts as the membrane of the viral
particle and supports the E protein. The M protein
is the most abundant in viral particles and consists
of three transmembrane domains. This protein is
crucial in the assembly of viral particles, as it
provides the scaffolding that gives the virus its
shape and structure.

e The S protein (spike), which is a transmembrane
glycoprotein that protrudes from the viral particle,
having an ectodomain greater than 10 nm. This
protein is made up of up to 300 monomers, whose
S1 and S2 subunits are those that lead to the
anchoring of the virus in the receptors of host cells.

e The protein N (nucleocapside), which is linked to
the genetic material of the virus, forming the
«nucloecapsid», which protects the RNA from the
environment, and is essential for the release of
RNA in the cytoplasm of the infected cell.
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Fig-1: Schematic diagram of the structure and structural genes of SARS-CoV-2.

The life cycle of SARS-Cov-2 is shown in
Figure 2. When the peak protein of SARS-CoV-2 binds
to the host cell receptor, the virus enters and the
envelope is detached, allowing the Genomic RNA is
present in the cytoplasm. The ORFla and ORFlb
RNAs are made up of genomic RNA, and are then
translated into ppla and pplab proteins, respectively.
These proteins are cleaved by protease to form a total of
16 non-structural proteins. Some of them form a
replication / transcription complex (RNA-dependent
RNA polymerase, RdRp), which uses the (+) strand
genomic RNA as a template. The genomic strand RNA
(+) produced through the replication process becomes

the genome of the new viral particle. The subgenomic
RNAs produced through transcription are translated into
structural proteins (S: peak protein, E: envelope protein,
M: membrane protein, and N: nucleocapsid protein) that
form a viral particle. Spike, envelope, and membrane
proteins enter the endoplasmic reticulum, and the
nucleocapsid protein combines with genomic positive
strand RNA to become a nucleoprotein complex. They
fuse into the entire viral particle in the compartment of
the Golgi apparatus and endoplasmic reticulum, and are
excreted in the extracellular region through the Golgi
apparatus and the vesicle.
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Fig-2: Life cycle of SARS-CoV-2.
Genomic sequencing of sars-cov-2 to see its evolution transmitted, a discipline known as genomic

All viruses are generating copies of their
genome while infecting other organisms and as in this
process small changes or genetic mutations are
produced in the genome, their analysis allows us to
trace how the virus is transmitted between people. By
investigating these mutations in  SARS-CoV-2,
researchers have been able to establish what are known
as phylogenetic clusters of the coronavirus, which are
different branches or types of the virus that explain its
origin, evolution and spread. Since there is enough
information about how the virus has spread on the
planet, and about what mutations and characteristics
they have in different geographical locations.

Thus, several families of the new coronavirus
have been differentiated, called "Phylogenetic Clades",
characterized by different mutations. All the major
clades of the virus, which help explain its origin and
distribution; and all the clades that are in almost all the
countries have been found, with different variations in
the frequency of each one of them. One of these
variants of SARS-CoV-2 has become the majority
genetic form in many countries of the world, and in our
environment in particular.

The analysis of the mutations suffered by the
virus is also making it possible to investigate whether
its transmission capacity over time and infection is
attenuated or becomes stronger. Therefore, the genetic
characteristics and evolution of the virus have
continued to be studied. The analysis of how it is

epidemiology is carried out, which is considered
essential to know the diversity of the virus in a specific
territory, evaluate its spread and facilitate decision-
making and containment measures to prevent its
expansion.

The SARS-CoV-2 coronavirus, discovered in
january 2020 after being isolated from samples of
patients affected by a new disease now known as
Covid-19, evolves and undergoes genetic changes, like
all viruses. Knowing these changes, which explain their
behavior, is essential to improve the management of the
virus and the management of the disease. Since the
discovery of SARS-CoV-2 until now, the sequencing of
its genome and the knowledge of the different variants
that circulate around the world, is allowing to know
more about its origin, influence and distribution [2].

The sequencing of the 29,899 nucleotides of its
genome was a reference on which the researchers could
work and track the SARS-Cov-2. In this way, thousands
and thousands of complete genomes have been
sequenced around the world [3].

Having the genomic information of these
viruses,  together  with  basic  epidemiological
information, such as where and when the sample was
obtained, makes it possible to monitor how the virus
spreads throughout the world thanks to molecular and
genomic epidemiology. This is possible due to a
characteristic of viruses related to their need to use the
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cellular machinery of the organism they infect in order
to multiply and survive.

However, those copies that are generated are
not always equal copies and mistakes or mutations are
made and some of the 29.899 nucleotides that make up
its genome are modified. These small errors or
mutations that are produced in the genome are what
make it possible to trace how the virus is transmitted
between people.

In the first cases in China, the genomes of the
viruses obtained from other market workers who had
also fallen ill were sequenced. These genomes turned
out to be exact copies of the genome found in the first
patient, except for a small number of nucleotides,
between 1 and 5. This similarity between the sequences
allows defining that these viruses come from the same
ancestor and form what is known as a phylogenetic
cluster.

Once a sufficient number of genomes have
been sequenced, it is possible to estimate how much the
virus is capable of mutating, that is, how many
mutations the virus accumulates in a given time, which
is known as the rate of evolution. And it is estimated
that the more than 100 first sequences available at the
beginning of february 2020 were already enough to
reliably calculate this rate of evolution, since it was not
altered when adding new sequences to the analysis [3].

It was estimated that the SARS-CoV-2
coronavirus accumulated mutations at a rate of between
1.19 and 1.31 x 10-3 substitutions/site/year, similar to
that of the other epidemic coronaviruses, since in the
case of SARS-CoV a rate between 0.80 x 10-3 and
2.38 x 10-3 and for MERS-CoV between 0.88 x 10-3
and 1.37 x 10-3 (5-7). Knowing this rate of evolution,
which would approximately mean the accumulation of
one mutation each 10 days, it allows estimating the
geographical and temporal location for the ancestor of a
specific phylogenetic cluster. Thus, by analyzing the
first sequenced genomes, it has been possible to
determine that the origin of the epidemic took place at
the end of November 2019 [7-10].

As different mutations have appeared in the
virus genome over time, the spread of SARS-CoV-2
around the world can be monitored and traced. One of
the first cases of SARS-CoV-2 infection detected in
Europe took place at Munich airport in a woman who
had been in contact with her parents living in Wuhan
and who was a worker for a German company. The
genome of the virus detected in one of these employees
was a nearly identical copy of other viruses sequenced
in Shanghai and very similar to the first sequenced
genome on the Wuhan market [11].

Specifically, the genome of the virus
sequenced in Germany (BavPatl) presented mutations
C3037T, in the ORFlab and A23403G gene, which
caused the change of amino acids D614G in the spike
gene of the virus, with respect to the reference genome
(Wuhan- Hu-1). This amino acid change had already
been detected in other viruses found in Shanghai and
would end up being one of the mutations found in most
of the genomes of the sequenced viruses in Europe
during the following weeks [11].

The epidemiological investigation of this chain
of transmission made it possible to detect that one of the
12 cases related to this first positive in Europe would
end up becoming the first case detected in Spain, in an
individual who flew from Munich to the Canary Islands
on january 28 2020 [11].

Another of the cases of infection detected in
Europe had its origin in a conference of a gas company
in Singapore on January 20-22, 2020, attended by more
than 100 people from around the world. As of February
9, at least 7 attendees had tested positive for SARS-
CoV-2 infection in Singapore, Malaysia, South Korea
and the United Kingdom. One of them is related to a
European outbreak of at least 13 other people with a
positive diagnosis for Covid-19 and that had its origin
in a French ski resort, affecting people from the United
Kingdom, France and Spain [12]. Specifically, this case
is related to the second positive detected in our country
in Mallorca [12].

The United Kingdom is the country that has
made the greatest effort in whole genome sequencing
worldwide, with more than 20,000 sequences [13]. This
information, together with the genomes of viruses from
infections around the world, has allowed researchers to
make a first approximation of the importation and
establishment of virus lineages throughout the country.
They have been able to detect at least 1,356
independent introductions of the virus into the UK from
other regions of the world, although it is claimed that
there is a possible underestimation of the number.
Around 25% of these introductions appear to have
become extinct as no new sequences belonging to these
lineages have been found during a period of 4 weeks
[13]. 80% of imports from other countries occurred
mainly during the month of March 2020, reaching their
peak in the middle of the same month.

By calculating the time of the most recent
common ancestors of all these lineages, they
determined as a median March 25, 2020 [13]. In
addition, they have determined that one in three imports
into the United Kingdom come from travelers from
Spain since February 16, but mainly during the first half
of March, date from which imports from Spain began to
decline until reaching disappear the first week of April
2020 [13]. The 50 oldest transmission chains detected
in this study and 49 of the 50 chains with the highest
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number of sequences are related to G614 variants, that
is, this variant arrived earlier and with greater intensity
in the United Kingdom, which could suggest a founder
effect. in a country where this variant is clearly the
majority.

In Scotland, it was possible to sequence the
genome of 20% (n = 452) of all individuals with a
diagnosis of COVID-19 available on 1 April in the
whole country (n = 2310) [14]. This information has
made it possible to obtain an estimate of the epidemic
and the imports and spread of the virus in Scotland.
Thus, 113 independent introductions have been
detected. 51% of the clusters identified were associated
with undetected introductions related to viruses that
were already circulating in other European countries
such as Spain, Italy and Austria. The authors state that
the undocumented introductions occurred before the
first cases detected [14].

Different nomenclatures existing in the genomic
epidemiology of sars-cov-2

The analysis of the complete genome of
pathogens has been revealed as an important tool in the
study of the molecular epidemiology of infectious
diseases. The existence of publication and sequence
analysis platforms, such as those already mentioned and
others such as NextStrain, have allowed the
visualization in real time of the sequences available
from the different countries, facilitating the study of the
distribution of the virus and the identification of
mutations. that could lead to possible adaptations to the
human host or changes in the characteristics of the virus
(van Dorp et al.,, 2020). This has facilitated the
definition of a nomenclature for the different clades or
branches with the variants that have appeared in its
development and expansion.

The main proposals for phylogenetically
classifying SARS-CoV-2 sequences are those of the
NextStrain and GISAID platforms.

The NextStrain platform proposes five large
clades, and two of them emerged already in 2019: clade
19A, which is considered the root group, and 19B,
defined by changes C8782T and T28144C. The three
remaining clades group circulating virus sequences in
2020: 20A, which is distinguished from 19A by the
substitutions C3037T, C14408T and A23403G, 20B,
characterized by three consecutive changes G28881A,

G28882A and G28883C and 20C, which presents the
substitutions C1059T and G25563T. In the first two
clades, 19A and 19B, the sequences that circulated
during the first months in Asia are grouped, while clade
20A comprises the European sequences of early 2020.
The other two clades of 2020 comprise the majority
sequences in Europe (20B) and North America (20C).

While the classification proposed by the
GISAID platform is based on the combination of nine
genetic markers that allows 95% of the SARS-CoV-2
sequences to be classified into six well-defined
phylogenetic groups ranging from the two initial groups
S and L, until the subsequent evolution of clade L in
groups V and G, the latter being finally divided into
clades GH and GR. These names refer to mutations that
serve to describe the group. For example, the D614G
change in the spicule characterized the group described
as clade G. The unification of criteria when naming the
different clades is a pending task, all these proposals are
still under evaluation, since, for example, currently
none of these nomenclatures reflects some phenotypic
property of the virus, such as antigenic variants,
although the virus is antigenically similar so far.

The distribution of the different clades in the
countries that make up the WHO European region is
very varied, highlighting in Spain the high proportion of
clades 19B/S and 20A/G. This fact may be due to a
founder effect or sampling biases; but also for the
duration of travel restrictions and the different measures
implemented in each country. In the case of early travel
restrictions, the early incidence would probably be
reduced and therefore the most prevalent clades would
be 19A/L/V/IO compared to 20A/G clades that later
became the dominant clades.

Currently, they have managed to sequence
thousands and thousands of complete SARS-CoV-2
genomes in the world. This has allowed platforms such
as Nextstrain (https://nextstrain.org/) to be able to show
the genomic epidemiology of the virus in almost real
time and how it has been transmitted over time by the
different affected countries (Figure 3) [15].In the
Nextstrain platform, 5 large phylogenetic clades are
defined to classify the genomes that are being
sequenced and that are named based on the estimated
year in which they emerged (19 or 20) followed by a
letter (Table 1).
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Fig-3: Main phylogenetic clades that are defined in the Nextstrain platform (https://nextstrain.org/)

Table-1: The Nextstrain platform shows the five major phylogenetic clades to classify the genomes that are being
sequenced and that are named based on the estimated year in which they emerged 2019 or 2020 followed by a
letter.

-19 A: Considered the root clade from which all the others arise and which reached a global frequency between 47%

-65% in january 2020.

-19 B: Characterized by the C8782T and T28144C mutations and also reached a high prevalence in Asia in January
2020 (28-33%).

-20 A: Characterized by the C14408T and A23403G mutations, reaching a global frequency of 41-46% in April-May
2020, mainly by countries in North America, Asia and Europe.

-20 B: Characterized by the consecutive mutations G28881A, G28882A and G28883C, which reached a prevalence
of around 20% between March-April 2020, mainly due to sequences from Europe.

-20 C: Characterized by C1059T and G25563T, reaching a global frequency of around 20% in april 2020 mainly by
sequences from the US.

While in the GISAID database deposited, it classifies said genomes in a different way
(https://www.gisaid.org/), in which a large part of the (16). The large clades defined by GISAID are:
genomes that are being sequenced globally are

Table-2: Large clades that have been defined by GISAID (https://www.gisaid.org/)
« Clado S: Characterized by the presence of the L84S mutation in the virus NS8 protein.
« Clade V: Characterized by the presence of the G251V mutation in the virus NS3 protein.
« Clado G: Characterized by the presence of the D614G mutation in the spike of the virus.
e Clado GH: Which also has the D614 mutation in the virus spike but also has the Q57H mutation in the NS3
protein.

e Clado GR: Which also has the D614 mutation in the virus spike but also has the G204R mutation in the virus
nucleocapsid protein.
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And there is also a third nomenclature
proposed by an important group of evolutionary
virologists based on the definition of hierarchical
lineages A and B that proposes a dynamic system to
define the appearance of new local outbreaks with
epidemiological importance [17]. Although they are
different systems, there are certain equivalences, not
perfect, between the different clades defined by the
three nomenclature systems. Thus, lineage B would
include viruses from clades G, GH and GR of the
GISAID system and clades 20A, 20B and 20C of the

Nextstrain system. For its part, lineage A would include
clades S and V of the GISAID system and clades 19A
and 19B of Nextstrain.

There is also a Spanish public initiative called
NextSpain (https://evosalutl.uv.es/) that facilitates the
analysis and interpretation of results on the
epidemiology and evolution of SARS-CoV-2 in Spain
following the Nextstrain procedures. In the Figure it can
be seen how the Spanish genomes are distributed in the
clades defined by Nextstrain.
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Fig-4: Phylogenetic clades of sequences from Spain defined by Nextstrain and included in NextSpain
(https://evosalutl.uv.es/).

In Europe the situation seems to be dominated
by clades characterized by the D614G mutation in the
virus spike (clades G), in such a way that they reach a
frequency higher than 70% in countries such as Austria,
Belgium, Denmark, Finland, France, Germany, Greece,
Iceland, Italy, Luxembourg, Portugal, Scotland, Sweden
and Switzerland. Countries such as England (64%),
Holland (63%), Wales (61%) and Spain (52.9%) have
the lowest rates on the continent.

But the frequency of the L84S mutation in the
NS8 protein in most European countries is less than 1%
(Belgium, Denmark, England, Finland, France, Italy,
Norway, Sweden, Switzerland and Wales). In other
countries such as Luxembourg (2%), Portugal (3%),

Iceland (3%), Germany (3%), Scotland (4%) and
Greece (8%) this frequency is somewhat higher.

Spain is the European country with the highest
frequency of viruses of this phylogenetic clade,
reaching 40% and adding 3 out of 5 viruses of this
group sequenced in Europe and it seems that these
variants arrived earlier and in greater intensity in Spain
and have managed to stay in time and this is what is
known as the founder effect.

In our country, the oldest sequenced genomes
come from samples from Madrid, Valencia, Segovia
and Granada from the end of February 2020 and from
Guadalajara, Burgos, Alava, Vizcaya, La Rioja,

[ © 2021 SAS Journal of Medicine | Published by SAS Publishers, India

[ 260 |




Angel San Miguel Hernandez & Julia San Miguel Rodriguez., SAS J Med, Jun, 2021; 7(6): 254-268

Tenerife and Orense from the first week of March [16].
Of these 15 sequences, 9 belong to clade 19B, 3 to
clade 20A and one to clusters 19A, 20B and 20C [16].
The fact that clade 19B has been found in at least 9
different provinces suggests that a founder effect could
have been produced that would explain the high
prevalence of this clade in Spain in contrast to what was
observed in other countries.

SARS-Cov-2 MUTATIONS

One of the most important genes in the virus
genome is the S gene, which encodes the spike of the
virus. And it is this protein that facilitates the entry of
the virus into the target cell through the binding of the
S1 subunit to the cellular ACE2 receptor and the
subsequent fusion of the viral and cellular membranes
through the S2 subunit. The D614G mutation reached a
global prevalence of more than 40% in april 2020,
raising alarms about the possible biological significance
of this mutation in which a polar amino acid with a
charged side chain, aspartic acid, is replaced by a small
amino acid. no side chain like glycine.

In recent studies, viruses with the D614G
mutation in the spicule gene began to spread in Europe
in late January-early February 2020 and the moment it
is introduced into new territory it is capable of
becoming the form dominant [20]. The researchers
defend that this fact has taken place globally and also in
countries such as England, France, Germany, Italy, the
Netherlands, Japan, the USA or Australia, and even at
the level of cities such as New York or Washington.

However, analyzing the data of the first 300
complete genomes of Spain, this trend does not seem to
be fulfilled, since the G614 viruses have not succeeded
in displacing the D614 viruses and both genetic forms
seem to coexist with similar frequencies. A possible
explanation for this fact in Spain could be a founding
effect; that is, it is possible that the D614 viruses (and
especially the clade 19B viruses) will arrive earlier and
in greater numbers at different points of the Spanish
geography. In fact, among the 15 oldest genomes in
Spain (detected during the last week of February and
the first of March 2020), 10 of them were D614 (67%)
and 5 G614 (33%) [18].

And different hypotheses are studied about the
possible advantages of the G614 on viruses with respect
to the D614 variants that originally circulated in the city
of Wuhan [19]. These advantages would be based on
the structural and / or immunological characteristics.
From a structural point of view, the G614 mutation
could act by decreasing the interaction between the S1
and S2 subunits, facilitating the release of S1 [19].

In another study, it was analyzed how both
integrated variants behave in a pseudotyped retrovirus
in cell cultures of HEK293T cells [20]. In which a
greater infectivity has been observed in pseudoviruses

with the G614 variant and a greater incorporation of
protein S in the pseudovirion compared to the D614
variant. Although binding to the receptor and its
neutralization by plasma from convalescent individuals
was equivalent, the authors conclude that the G614
mutation appears to provide stability to the virus protein
S and could be the cause of more efficient transmission
[20].

From an immunological point of view, the
SARS-CoV equivalent of the G614 mutation appears to
integrate into  the  immunodominant  epitope
LYQDVNC, which is recognized by antibodies isolated
from patients recovered after SARS-CoV infection.
(twenty-one). Therefore, this mutation could confer
resistance against protective responses mediated by
antibodies directed against D614, causing greater
susceptibility to reinfection by G614 virus [19].

A third mechanism that could be involved is a
phenomenon called antibody-dependent infection
amplification (ADE), because the epitope where it is
inserted is an immunodominant ADE epitope [21].
Although this type of ADE phenomena have previously
been observed in SARS-CoV infection, there is
currently no evidence that it plays any role in the case
of SARS-CoV-2 [22].

Regarding the possible greater virulence of the
G614 variants, there does not seem to be much
scientific evidence so far. There is a study that has
linked the lethality of SARS-CoV-2 infection with the
prevalence of the G614 mutation in different countries
of the world, including Spain [23]. These authors found
that the estimated lethality correlates with the
proportion of G614 virus (p < 0.02), although in the
case of Spain the data seem to be an outlier in this
correlation [23]. However, the biases that have been
committed both in the calculation of the fatality rate and
the prevalence of the G614 mutation make the
conclusions of this study not very robust.

On the other hand, in a cohort of 453
individuals infected by SARS-CoV-2 from Sheffield,
England, no differences were observed in the severity
of the disease caused by G614 and D614 variants, since
the proportions of patients infected by both variants
they were similar both in outpatients, as in
hospitalizations or in ICU units [19].

Therefore, the circulation of the G614 variant
is the one that has been imposed in most countries of
the world and in Europe in particular. The explanations
for this fact focus on two hypotheses: One of them may
be due to the selective advantage of the G614 variants
over the D614 or a founder effect, where the variant
that arrives earlier and with greater force is the one that
ends up prevailing.

[ © 2021 SAS Journal of Medicine | Published by SAS Publishers, India

[ 261 |




Angel San Miguel Hernandez & Julia San Miguel Rodriguez., SAS J Med, Jun, 2021; 7(6): 254-268

Most scientists point to a selective advantage
for viruses with the G614 mutation; even greater
infectivity has been demonstrated in laboratory tests.
However, these results should be viewed with caution,
as it is necessary to demonstrate that these results
actually represent an advantage in the transmission of
the virus.

On the other hand, the analysis of the more
than 1600 imports of the virus in the United Kingdom
has shown that the majority variant G614 arrived earlier
and in greater intensity than the D614 variants. In the
case of Spain, the analysis of the oldest variants
detected so far (last week of february and first of
march), would indicate a high percentage of sequences
of clade 19B formed by D614 variants, which could
generate simultaneous outbreaks in at least 9 Spanish
provinces.

This fact could be in favor of a possible
founder effect, and would also explain the high
prevalence of clade 19B observed in Spain compared to
other European countries. In any way, whether due to
an evolutionary advantage or a founder effect or even a
combination of both, the monitoring of transmission
clusters through genomic epidemiology is essential to
know the genetic diversity of the virus present in a
specific territory; evaluate their dispersion; study
whether the protection measures used have been
successful; help in the study of possible new outbreaks,
and facilitate  decision-making when imposing
containment measures, among other issues. With the
confirmation in several countries that they have
registered the variant of SARS-CoV-2 that has caused
many cases of contagion in the United Kingdom,
confusion has also arisen regarding the terms used to
refer to it. All viruses constantly mutate, but at different
rates and with different repercussions. The coronavirus
uses special proteins to enter our body and as different
infections occur, different errors occur in copying and
then mutations or changes occur in the genetic code of
viruses, such as the one caused by COVID -19.

In order to understand all this, it should be
noted that, when carrying out genetic sequencing or
analysis of the virus, from samples taken in different
regions of the world, it is when scientists identify
certain characteristics by which these mutations can be
grouped into variants or lineages. In the case of the
United Kingdom, a different mutation of the
coronavirus was detected. And for the analysis,
phylogenetic trees are created, which are like family
trees where all the relatives that shed viruses such as
SARS-CoV-2 are expressed.

Each of the branches that arise directly from
SARS-CoV-2 are called lineages, which are designated
with a series of numbers and a letter to identify them,
considering their order of appearance and their genetic
makeup.

Lineage B.1.1.7 has different mutations in its
genome, approximately 23, but the main one is the one
that develops in position 501 of its genetic code, where
the amino acid asparagine (N) has been replaced by
tyrosine (Y). The abbreviation for this mutation is
N501Y, which is also sometimes referred to as S:
N501Y, to specify that it is in the peak protein of the
virus.

In addition to the UK variant, the 501Y.V2
variant has been identified in South Africa. But both the
UK and South African variants share a mutation, that of
position 501.

In the United States, so far, a hundred cases of
variant B.1.1.7. Have been confirmed, according to the
CDC (Centers for Disease Control and Prevention).

We can say, from the outset, that SARS-CoV-
2 is one of the different strains of coronaviruses. The
two types or strains of coronavirus best known so far
are: SARS-CoV-2 found in Wuhan, China, since the
end of 2019 and previously it was SARS-CoV, which
causes severe acute respiratory syndrome (SARS). So,
each of the new types or species of coronavirus is called
a strain.

It is imprecise to say that the variant registered
in the United Kingdom is either a new one, or to
mention that a new strain arrived, since for that to
happen, the virus would have to undergo a drastic
change or mutation in its gene chain, which has not
happened so far. Hence, for now, it is still considered
that the vaccines developed so far are still useful to face
the virus, and prevent more cases of deaths from Covid-
19.

Regarding variant B.1.1.7, reported by the
United Kingdom in December, the communication of
the number of cases has been worrying, which can be
up to 75% more contagious. However, until now there
is no scientific evidence that it causes more harm in
COVID-19 patients or makes the virus more lethal and
that it cannot affect the effectiveness of the vaccines
developed so far. Although all this is a loop, the greater
the number of cases, the more patients are admitted to
hospitals, more go to the ICU and later more patients
die.

Genetic sequencing is a technology that allows
knowing and deciphering the genetic code that all living
beings have and in which it is a matter of reading that
code, which contains essential information for its
development and operation, as if it were from a genetic
instruction book treated. These hallmarks, which define
the characteristics and genetic signature of biological
organisms, are inscribed in molecules called nucleic
acids, made up of nucleotides.
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Throughout 2020, thousands and thousands of
complete coronavirus genomes have been sequenced,
thanks to the analysis of samples from patients affected
by the Covid-19 disease. Achieving this sequencing is
essential to better understand the virus and define its
characteristics and behavior. From the outset, the
sequencing allowed it to be classified, defined and
included as a new member of the already known virus
families.

The genomic sequencing of SARS-CoV-2 has
made it possible to find out its origin, know how it is
transmitted, investigate its capacity for diffusion and
contagion, and obtain the necessary information for the
future development of drugs and vaccines.

Therefore, complete genome sequencing is on
the way to establishing itself as a reference technique in
the field of molecular identification and
characterization, driven by the enormous sequencing
capacity of the different current massive sequencing
platforms and the reduction of costs per nucleotide.

At present, all research centers are capable of
genetic sequencing and there are different technologies
to carry it out. Sanger sequencing, one of the first to be
developed and key to automating the sequencing
process, remains a reference. Over time, new
technologies have emerged that allow more information
to be obtained from the sequenced organism more
quickly. These include technologies such as Illumina
and lonTorrent, considered part of the second
generation of genomic sequencing, and Pacific
Bioscience and Oxford Nanopore, which are already
part of a third generation of this technology.

Genetic sequencing is a technique that is
developed in practically all research laboratories today
and there are different technologies to achieve it. The
reference method currently is Sanger sequencing by
capillary electrophoresis, but in the last 20 years there
has been a great development of new methods that are
known as high-throughput sequencing and that include
second and third generation methods. All these methods
coexist with each other, since they have different
applications.

1.- Sanger sequencing by capillary
electrophoresis. It is a modification of the strategy
designed in 1975 by the scientist Sanger in which
chemically modified nucleotides were used so that
when added to a new chain that is being formed, it
could not continue, functioning as stop nucleotides. The
development  of  fluorescent  techniques, the
improvement in the enzymes necessary to carry out the
process and the introduction of capillary electrophoresis
made it possible to automate the process and reach
current equipment [24, 25].

2.- Second generation high performance
methods. The characteristics of these new methods is
their ability to carry out millions of sequencing
reactions simultaneously. The development of these
methods allowed great advances in the Human Genome
Project. And there are currently two major technologies,
Illumina and lonTorrent, which are based on different
principles.

3.- Third generation high performance
methods. These methods go one step further and are
capable of sequencing DNA molecules without prior
amplification, without the need to follow the
sequencing-by-synthesis ~ strategy  that  second-
generation methods follow. These types of methods
include technologies such as Pacific BioSciences or
Oxford Nanopore.

Spain, like many other countries in the world,
has sequenced numerous complete genomes, so that
researchers have more tools to advance in different
applications against SARS-Cov-2; among them we
have:

- Classification of the virus. The analysis of
the SARS-CoV-2 genome has made it possible to locate
this new virus in the tree of diversity of viruses known
to date through what is known as phylogenetic analysis.
Thus, the sequencing of the genome of the virus
isolated from one of the first patients detected in the
Chinese city of Wuhan has made it possible to classify
the sequenced virus as a new member of the
Coronaviridae family, Orthocoronavirinae subfamily,
Betacoronavirus  genus,  Sarbecovirus  subgenus,
coronavirus species related to acute severe respiratory
syndrome (SARS) (2)

- Origin of the virus. The sequencing of
complete genomes of the virus has made different
hypotheses about the origin of the virus. This is possible
because it has been possible to compare its sequence
with that of other viruses isolated in animals and whose
genome has been previously sequenced and published
so that any researcher can study it. In this way, the
SARS-CoV-2 genome that currently most closely
resembles is a virus isolated in bats with which it shares
96% of its genome. It has also been determined that it is
very similar to another coronavirus isolated in a
pangolin and with which it shares 90% of the genome
[27, 28].

- Transmission of the virus. Comparing the
genomes that are being sequenced around the world as
well as information on when and where these samples
were obtained allows researchers to identify the
possible start of the epidemic, trace possible
transmission routes between cities and countries, and
monitor its geographical spread. And they allow to
know how much the virus is mutating.
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- Pathogenicity of the virus. Thanks to the
sequencing of the virus genome and its subsequent
analysis, it has been possible to identify that its genome
is composed of a single RNA strand of positive polarity
formed by approximately 30,000 nucleotides. At least 6
open reading frames (ORFs) are known, including
ORF1la and ORF1b, which encode two polyproteins that
are processed by at least three viral proteases to produce
16 non-structural proteins. The other ORFs code for
structural proteins that include spike, membrane,
envelope, and nucleocapsid proteins [29]). Thus, we can
know the specific sequence of the proteins that make up
the virus envelope, crucial for the process of assembly
and release of the virus. Or the spike glycoprotein,
which we know is composed of two subunits (S1 and
S2) and which occurs in the viral particle as a
homotrimer and thus binds to the cellular receptor
ACE2. In addition, by analyzing its sequence we can
know that the S2 subunit contains a fusion peptide, a
transmembrane domain and another cytoplasmic
domain and that it is highly conserved, which could be
an important therapeutic target. We also know that the
S1 subunit contains the receptor-binding domain and
that it is much less conserved with respect to other
coronaviruses, with an amino acid identity of 40%. And
also the existence of other genes that do not present
homology with any other coronavirus gene found so far,
such as ORF3b or the presence of other genes such as
ORF8, which code for a protein structurally different
from others found in SARS-CoV. Further study of these
genes may be key to understanding the pathogenicity of
the virus [29].

- Design of antiviral drugs. The study of the
sequence of the virus allows us to know which positions
of the virus are key to infect human cells. In this sense,
thanks to the information generated in other related
viruses, such as SARS or MERS, we know that residues
L455, F486, Q493, S494, N501 and Y505 of the spike
protein are key for binding to the human receptor.
ACE2 [30]. Also that certain rare variants already
observed in SARS-CoV-2 viruses such as V483A,
G476S, L4551, F456V and S494P, have previously been
associated with a slightly lower affinity for the receptor,
as well as an altered antigenicity in equivalent positions
in the viruses. MERS and SARS-CoV [31-33]. Just as

the spike protein of SARS-CoV-2 is quite different
from that of SARS-CoV, having an identity of 76%,
there are other proteins that are much more conserved
and that constitute other possible targets of the virus on
which to design antiviral drugs. These proteins are its
protease and its polymerase with which it shares 96-
97%, respectively. Therefore, any drug designed against
these SARS-CoV proteins could have a high probability
of also working against SARS-CoV-2.

-Design of vaccines. There are different
strategies for the development of vaccines against
SARS-CoV-2. One of the vaccines such as China
consists of integrating the SARS-CoV-2 spike gene into
the genome of another virus (adenovirus). And with this
it is achieved that the immune system of the vaccinated
person reacts against said SARS-CoV-2 protein and that
it acts at the moment that this vaccinated person
becomes infected by the virus. For its part, another of
the US vaccines is an RNA molecule also based on the
SARS-CoV-2 spike gene.

There are many other strategies that include
inactivated or attenuated viruses where the vaccine
product would consist of inoculating the complete virus
so that it is not capable of triggering the disease but a
powerful immune response against the virus. All these
strategies require knowing the genome or parts of it in
order to start designing the vaccine itself [34].

How the SARAS-Cov-2 genomic sequencing
study is carried out is summarized schematically in
figure 5. In which, the genome or the complete genomic
sequence of SARS-Cov-2 (RNA) has a code of 30,000
letters that are needed to be able to form copies of itself
and to replicate or multiply in the target cell.Once the
RNA of the sample is collected, the RNA of the virus
must be purified and separated from the RNA of the
patient, following different strategies and then
Determines the molecule's sequencing through chemical
processes and bioinformatics analysis. Once the
genomic sequence of the virus has been obtained, this
information can be used for different applications, such
as the design of vaccines, the transmission of the virus
worldwide, studying the origin of the virus, to see the
pathogenicity of the virus or for the design of drugs.
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Fig-5: Scheme of the genomic sequencing of SARS-Cov-2. Taken from Francisco Diez-Fuertes.
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Bioinformatic analysis of the genomic sequences of
sars cov-2

Bioinformatics is a fundamental discipline in
the analysis of big data derived from high-throughput
technologies such as genome sequences generated by
massive sequencing. And in this pandemic, it has had
great relevance, generating the methodology and
providing the necessary tools for the analysis,
processing and interpretation of the data obtained in the
sequencing of the viral genome. And it was very
quickly possible to obtain the first complete sequence of
the virus genome, and to be deposited in public
databases such as GeneBank, GISAID, etc [2].

At the time when the WHO determined in
January 2020 that SARS-CoV-2 was a public health
emergency of global importance, the bioinformatics
community assumed the responsibility of creating
standardized and efficient analysis protocols, adapted to
the characteristics of the genome of the SARS-CoV-2
virus. The first analysis protocols for the assembly of
the SARS-CoV-2 genome were those developed by the
ARTIC network and by the GalaxyProject community.
And the number of samples that could be sequenced
with nanopore-based devices is much lower than that
obtained with Illumina, which is why the analysis
methods were adapted to the data generated by these
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sequencers, also expanding it to others. Viral genome
enrichment methods, such as the use of capture probes.

With the efforts of many bioinformaticians
(https://github.com/virtual-biohackathons/covid-19-
bh20), a great variety of analysis protocols and
collaborations have emerged around the world,
resulting in tools such as  Viralrecon
(https://github.com/nf-core/viralrecon) to reconstruct
the viral genome from the massive sequencing data.

There have been two approaches on which the
different protocols for obtaining the sequence of viral
genomes are based, those based on reference genomes
and those for de novo assembly.

Those based on reference genomes consist of
mapping the readings of the samples on the genome of
the Wuhan SARS-CoV-2 virus, with the subsequent
determination and filtering of variants between both
sequences and generation of a consensus genome that
contains the own variants of the analyzed sample [38].
But this approach would have a clear disadvantage,
which is that it would not allow the identification of
structural variants in the viral genome that were not in
the reference genome used. However, the SARS-CoV-2
virus does not seem to have varied enough since its
appearance that this strategy is not effective enough, the
main reason why it is the most widely used worldwide.

Those based on de novo assembly, although
less widely used, would allow obtaining these structural
variants and consist of de novo assembly of the
readings obtained from the sequencer, without using a
reference genome. Although different programs were
already available for this type of assembly, some have
been optimized for the reconstruction of the SARS-
CoV-2 genome, such as CoronaSpades [39].

This would be the analysis option to choose if
an enrichment approach is made using probes and it is
not recommended in the case of amplicons because the
differences in sequencing depth between them can
generate artifacts in the assembly. Once we have
determined the consensus genomes, they can be
uploaded to the existing public repositories, such as
GISAID or ENA
(https://www.ebi.ac.uk/ena/browser/about), so that they
are available to the scientific community.

These and other platforms and repositories are
making many efforts to unify quality criteria and
analysis, so that the comparison of virus genomic
sequences reveals robust phylogenetic relationships that
also facilitate understanding the temporal evolution of
the virus and thus be able to determine the transmission
chains in the world [37]. In order to help know the
circulating virus variants, which is necessary
information to maintain effective PCR-based viral
diagnostic tools, monitor a possible vaccine and know

its efficacy, or identify viral quasispecies with possible
impact on the future development of the pandemic.

CONCLUSIONS

As we know, we are witnessing the fourth
wave of Covid-19 and how the different restriction and
containment  measures proposed by different
governments are not enough and how this cannot be
stopped until the Covid-19 vaccine arrives and is
applied in all countries, until the famous herd immunity
is achieved. Which is why people are experiencing the
famous pandemic fatigue. As long as this does not
occur and at the moment in which the restriction
measures are relaxed, we will be able to attend a fourth
and another fifth wave of SARS Cov-2.

With the new variants of SARS-Cov-2 found
(British, South African, Brazilian, Indian, etc.), since as
they progress, we would be talking about sub-
pandemics, within the global SARS-Cov-2 pandemic,
so there are to see how they evolve.

It is thought that some of the new variants of
SARS-Cov-2, mainly the South American and the
Brazilian, Indian and others that may be emerging, will
affect the protection produced by the different vaccines
and these vaccines will have to change over time or as
in the case of influenza, the different variants of the
virus remain as seasonal viruses.
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