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Resumo              

Objective: analyze the population gene structure and phylogeny of the S gene of the SARS CoV-2 virus of COVID-19 (+) patients from the Plurinational 
State of Bolivia and then correlate its phylogeny with the different waves of contagion. Methods: three SARS-CoV-2 samples obtained by nasopharyngeal swabs from positive COVID-19 patients were sequenced by Sanger sequencing. 488 sequences of Bolivian SARS-CoV-2 were downloaded from GISAID until 
September 25, 2023. The genetic structure and phylogeny were analyzed to correlate the presence of the different variants with the waves of contagion. 
Results: three (3) sequences of 623pb, 1557pb, and 3060pb of the S gene were obtained, and the last one was analyzed with the sequences downloaded 
from GISAID, obtaining a phylogenetic tree and a network of haplogroups that revealed the formation of clades and nodes that gave rise to variants of the six waves that Bolivian inhabitants faced. The Y508S mutation was identified as new since it was not identified in the CoVariants® and CoV-Glue® 
databases. Conclusions: the phylogeny, haplogroup network, and Person's correlation coefficient revealed the existence of a positive correlation between 
the microevolution of the analyzed fragment and the appearance of the different waves of contagion. 
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Abstract            

Objetivo:  analisar a estrutura genética populacional e a filogenia do gene S do vírus SARS CoV-2 de pacientes com COVID-19 (+) do Estado Plurinacional da Bolívia e, em seguida, correlacionar sua filogenia com as diferentes ondas de contágio. Métodos: três amostras de SARS-CoV-2 obtidas por swabs nasofaríngeos de pacientes positivos para COVID-19 foram sequenciadas por sequenciamento de Sanger. 488 sequências do SARS-CoV-2 boliviano foram baixadas do GISAID até 25 de setembro de 2023. A estrutura genética e a filogenia foram analisadas para correlacionar a presença das diferentes variantes com as ondas de contágio. Resultados: foram obtidas três (3) sequências de 623pb, 1557pb e 3060pb do gene S, sendo a última analisada com as sequências baixadas do GISAID, obtendo uma árvore filogenética e uma rede de haplogrupos que revelaram a formação de clados e nós que deram origem a variantes das seis ondas que os habitantes bolivianos enfrentaram. A mutação Y508S foi identificada como nova, pois não foi identificada nas bases de dados CoVariants® e CoV-Glue®. Conclusões: a filogenia, a rede de haplogrupos e o coeficiente de correlação de Person revelaram a existência de uma correlação positiva entre a microevolução do fragmento analisado e o aparecimento das diferentes ondas de contágio.
Palavras-Chave: gene S; SARS CoV-2; filogenia; ondas de contágio; Bolívia.
INTRODUCTION

The SARS-CoV-2 virus responsible for the COVID-19 pandemic 

originated in Wuhan, China. Since then, a global spread has 

been experienced, a昀昀ec琀椀ng millions of people in various waves 
of contagion of con琀椀nuously evolving variants1. Its muta琀椀on 
capacity is par琀椀cularly high, as is common in RNA viruses2, but 

has been even more accentuated due to the magnitude of the 

pandemic, which has led to the emergence of mul琀椀ple lineages3.

Various inves琀椀ga琀椀ons have revealed that the SARS-CoV-2 virus 
harbors in its di昀昀erent informa琀椀ve regions (proteins E, M, N, S, 
ORF), e.g. Tang et al. (2020)4 analyzing 103 genomes revealed 
the existence of two prevalent types of evolu琀椀on, type L and 
type S, the 昀椀rst being derived from the second and more virulent 
and aggressive. Mousavizadeh & Ghasemi (2021)5 expose the 

genotypic and phenotypic di昀昀erences and similari琀椀es of SARS 
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CoV-2 compared to other Betacoronaviruses. Likewise, Zang 
et al. (2020)6 report how the detec琀椀on of SARS CoV-2 in anal 
swabs was more posi琀椀ve than in nasal swabs.

The gene琀椀c material of SARS CoV-2 is a posi琀椀ve single-stranded 
RNA, 30,000 bases long, making it the largest RNA genome 
iden琀椀昀椀ed to date7. The classi昀椀ca琀椀on of SARS CoV-2 within the 
Coronaviridae family and the Betacoronavirus genus is based 
on its genomic structure and the characteris琀椀cs of its Spike (S) 
protein that it uses to enter host cells.

In the mature viral par琀椀cle, the protein S, a type I homotrimeric 
fusion glycoprotein, is located on the surface of the viral par琀椀cle 
and plays a cri琀椀cal role in binding to cellular receptors. In the 
case of humans, the angiotensin conver琀椀ng molecule II (ACE-
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2) has been iden琀椀昀椀ed as the primary receptor for SARS CoV-2. 
Di昀昀erent inves琀椀ga琀椀ons have managed to resolve the complete 
structure of the S protein of SARS CoV-2, whether in its form 
bound or not to the ACE-2 receptor8. This protein consists of 

approximately 1,273 amino acids, and its domains are clearly 
de昀椀ned. Given their importance in virus a琀琀achment and 
entry into host cells, par琀椀cular emphasis has been placed on 
muta琀椀ons a昀昀ec琀椀ng the receptor binding domain (RDB)9. On the 

other hand, Resende et al. (2021)10 describe muta琀椀ons in other 
domains, such as the amino (N)-terminal domain (NTD), which 
also have the poten琀椀al to induce conforma琀椀onal changes in the 
structure of the S protein, which may in昀氀uence its func琀椀onality.

Amicone et al. (2021)11, based on the accumulated muta琀椀ons 
and excluding the genes with selec琀椀on signals in a trial carried 
out, es琀椀mated a spontaneous muta琀椀on rate of 1.25×10-6 
nt-1 per infec琀椀on cycle, demonstra琀椀ng that the Muta琀椀on 
accumula琀椀on is heterogeneous throughout the genome and 
showed that the S gene accumulates muta琀椀ons at a rate 昀椀ve 
琀椀mes greater than the genomic average.

In addi琀椀on to RNA replica琀椀on errors, host-mediated genome 
edi琀椀ng by innate cellular defense mechanisms may introduce 
a substan琀椀al number of targeted muta琀椀ons into the SARS CoV-
2 genome and may, therefore, in昀氀uence its rate of evolu琀椀on12.

The WHO has stopped collec琀椀ng epidemiological informa琀椀on 
since August 1, 2023. Un琀椀l that date, a total of 1,206,420 
cases of infec琀椀on and 22,399 deaths were recorded in the 
Plurina琀椀onal State of Bolivia13. Worldwide, 6,957,216 deaths 
were reported, of which 2,959,349 occurred in America14. 

According to the Na琀椀onal Ins琀椀tute of Health Laboratories “Dr. 
Néstor Morales Villazón” (INLASA) from Bolivia, the country 
faced six (6) waves of contagion in July 2020, January 2021, June 
2021, January 2022, July 2022 and December 2022, in which 
the predominant variants were 20B (B.1.1), 20B (B.1.1) and 
20I (Alpha, V1, B1.1.7), 20J (Gamma, V3, P.1), 21K (Omicron, 
BA.1) and 21A (Delta, B.1.617.2), 22B (Omicron, BA.5), and 22E 
(Omicron, BQ.1), respec琀椀vely.15

The objec琀椀ve of this study was to analyze the popula琀椀on gene 
structure and phylogeny of the S gene of the SARS CoV-2 virus 
of COVID-19 (+) pa琀椀ents from the Plurina琀椀onal State of Bolivia 
and then correlate its phylogeny with the di昀昀erent waves of 
contagion. This is to contribute to the genera琀椀on of knowledge 
that is useful for the diagnosis, epidemiological monitoring, and 

treatment of the pa琀椀ent.

METHODS

RNA extrac琀椀on and Sanger sequencing
Using the Viral RNA Extrac琀椀on Ezgene System kit (Biomiga®) 
and following the manufacturer's technical speci昀椀ca琀椀ons, RNA 
was extracted from 3 nasopharyngeal swab samples obtained 
from pa琀椀ents previously diagnosed with COVID-19 using Real 
Time PCR. The collec琀椀on was carried out by personnel from the 
laboratory of the Gene琀椀c Research Center (CINGEN) of Bolivian 

Police under informed consent.

The quality of the extracts was examined by electrophore琀椀c 
running on agarose gel (0.8%) with RNA EZ-Vision Loading 
Bu昀昀er and 0.5X TBE bu昀昀er. As well as it was quan琀椀昀椀ed by 
昀氀uorometry (Qubit 2.0., Invitrogen®). The primers used were: 
5’TTTTATCTCTTCTTAGTAAAGGTAGAC, 3’CCAGGAGTCAAATAACTTCTATG, 
5’CATAGAAGTTATTTGACTCCTGG

3’CCATTGAAGTTGAAATTGACACA, 5’ TGTGTCAATTTCAACTTCAATGG

3’CCATTAAACCTATAAGCCATTTGCAT, 5’ATGCAAATGGCTTATAGGTTTAATGG

3’TTGTGAAGATTCTCATAAACAAATCC16. The commercial kit 
SuperScript™IV First-Strand Synthesis System (Invitrogen®) was 
used for retrotranscrip琀椀on and ampli昀椀ca琀椀on of the products. 
Amplicons were visualized on 1.5% agarose gels and compared to 
the molecular weight control 50 bp DNA Step Ladder (Promega). 
The amplicons were subjected to alcoholic puri昀椀ca琀椀on, and 
then the unbalanced PCR was performed with the BigDye® 
Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems®) 
according to the manufacturer's recommenda琀椀ons.

Once the PCR was completed, a second puri昀椀ca琀椀on was 
carried out with the BigDye XTerminator puri昀椀ca琀椀on kit 
following the manufacturer's recommenda琀椀ons. The products 
were sequenced on an ABI 3500 Gene琀椀c Analyzer (Applied 
Biosystems®). The obtained sequences were analyzed with 
Sequencing Analysis v.6.2 so昀琀ware (Applied Biosystems®). The 
forward and reverse sequences were aligned and edited with 
Bioedit17.

Obtaining GISAID sequences

Un琀椀l September 25, 2023, 488 Bolivian sequences were found in 
the GISAID database (h琀琀ps://www.gisaid.org/), all downloaded 
for analysis. Likewise, the Wuhan/WIV04/2019 sequence (EPI_
ISL_402124) was downloaded as a reference10.

Analysis and comparison of sequences

Using the MAFFT v.718 so昀琀ware, the 488 Bolivian sequences 
extracted from the GISAID database were aligned, plus the 
three samples for which Sanger sequencing was performed. To 
avoid errors, those sequences downloaded from GISAID that 
contained more than four “NNNN…” in a row in the ampli昀椀ed 
fragments of the three (3) processed samples were eliminated, 
so only 349 Bolivian sequences remained to compare.

Descrip琀椀ve sta琀椀s琀椀cal analysis

The descrip琀椀ve sta琀椀s琀椀cal analysis of polymorphism, nucleo琀椀de 
diversity, haplotypes number, haplotypic diversity, polymorphic 
sites, monomorphic sites, and gene琀椀c distance was carried out 
with the DNAsp v.619 and Mega 7.020 programs. Mega 7.020 was 
used to iden琀椀fy the intrinsic characteris琀椀cs of the fragment 
under study.
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Inferen琀椀al sta琀椀s琀椀cal analysis

For the phylogene琀椀c analysis, the Mega 7.020 program was 
used with the maximum likelihood (ML) method, Tamura & 
Nei (1993)21 subs琀椀tu琀椀on model, with a 5-parameter gamma 
distribu琀椀on and 1000 bootstraps. Finally, to obtain haplogroup 
networks, the PopART22 Program was used using the "median 
union" or "MJ" inference method. The sequences obtained 
by Sanger sequencing were uploaded to the GISAID database, 
which issued the following accession codes: EPI_ISL_18918411, 
EPI_ISL_18981787 and EPI_ISL_18981788.

For the correla琀椀on analysis between the microevolu琀椀on of the 
SARS-CoV-2 virus and the chronological emergence of variants 

due to waves of contagion, the Pearson linear correla琀椀on 
coe昀케cient was used between the gene琀椀c distances of the 
3060 bp sequences from the S gene, obtained with the method 
maximum likelihood (ML), Tamura-Nei subs琀椀tu琀椀on model, 
5-parameter gamma distribu琀椀on and 1000 bootstraps with the 
dates of appearance of each variant. (Fig. 5)

RESULTS

Sanger sequenced samples

Of the three samples analyzed by Sanger sequencing, only one 
was ampli昀椀ed with more than 80% (3060 bp) of the total size 
of the S gene. This was called CINGEN-IITCUP-LP2/2021 and 
was annexed to the GISAID database under the Accession ID 
EPI_ISL_18918411. The other two samples - CINGEN-IITCUP-
LP1/2021 and CINGEN-IITCUP-LP3/2024 - were a琀琀ached 
to GISAID under the accession IDs EPI_ISL_18981787, EPI_
ISL_18981788, whose informa琀椀ve lengths were 1557 bp and 
623 bp, respec琀椀vely.

Comparison between Bolivian sequences

Of the 488 sequences downloaded from GISAID, only 348 
complete sequences were obtained according to the ampli昀椀ed 
fragment of the IITCUP-LP2/2021 sample (3060pb). Thus, 150 
Bolivian haplotypes were obtained (Table 1). 

Table 1. Number of haplotypes and haplotypic diversity by department of Bolivia according to the S gene fragment analyzed.

N° Departament Number of sequences 

analyzed

Number of haplotypes Haplotypic diversity

1 La Paz 6 4 0,80000
2 Oruro 1 1* 0
3 Potosí 1 1* 0
4 Cochabamba 14 8 0,86813
5 Chuquisaca 1 1* 0
6 Tarija 1 1* 0
7 Pando 1 3 0,83333
8 Beni 1 1* 0
9 Santa Cruz 319 135 0,95883

* They correspond to haplotypes that are already men琀椀oned in the Santa Cruz groups.

According to the Wuhan standard sequence (EPI_ISL_402124), 
the CINGEN-IITCUP-LP2/2021 sequence presented 27 amino 
acid muta琀椀ons: T19I, L24del, P25del, P26del, A27S, H69del, 
V70del, V213G, R408S, W436R, N440K, L452R, S477N, T478K, 
E484A, F486V, Q498R, N501Y, Y505H, Y508S, D614G, H655Y, 
N679K, P681H, N764K, D796Y and Q954H (Fig. 1). The CINGEN-
IITCUP-LP1/2021 sequence presented 7 muta琀椀ons: T19R, 
G142D, E156G, F157del, R158del, L452R and T478K. The 
CINGEN-IITCUP-LP3/2024 sequence presented 10 muta琀椀ons: 
T19I, L24del, P25del, P26del, A27S, V83A, G142D, H146Q, 
Y144del and Q183E.

Of the muta琀椀ons iden琀椀昀椀ed in CINGEN-IITCUP-LP2/2021, 
73.53% correspond to muta琀椀ons present in the Omicron 
variant, subvariant BA.4 and BA.5 according to the CoVariants® 
database. Of these, 25 amino acid muta琀椀ons were iden琀椀昀椀ed 

in the sequence obtained, 5 were not iden琀椀昀椀ed due to non-
ampli昀椀ca琀椀on of their segments, and 4 did not mutate. Muta琀椀ons 
W436R and Y508S were iden琀椀昀椀ed as new muta琀椀ons for these 
variants.

In CINGEN-IITCUP-LP3/2024, 10 muta琀椀ons were iden琀椀昀椀ed, 
among which H146D was not found in the CoVariants® database 
but was found in the CoV-Glue® database. The other nine 
muta琀椀ons correspond to the omicron XBB variant.

In CINGEN-IITCUP-LP1/2021, 7 muta琀椀ons were iden琀椀昀椀ed, of 
which E156G and R158del were not found in the CoVariants® 
database but were found in the publica琀椀on by Tarun, et al. 
(2022)23. The other 昀椀ve (5) muta琀椀ons correspond to the Delta 
variant. 
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Figure. 1 Loca琀椀on of the muta琀椀ons iden琀椀昀椀ed in the S gene of the CINGEN-IITCUP-LP2/2021 sample

Descrip琀椀ve sta琀椀s琀椀cs

Given that in the CINGEN-IITCUP-LP1/2021 and CINGEN-
IITCUP-LP3/2024 studies, only sequences less than 50% of the 
total length of the S gene were ampli昀椀ed, only the descrip琀椀ve 
sta琀椀s琀椀cs of the Bolivian sequences obtained from GISAID will 
be provided and the CINGEN-IITCUP-LP2/2021 sequence. Thus, 
the haplotypic diversity was equal to 0.9615, which represents 
96.15%, indica琀椀ng that of 100 SARS CoV-2 viruses from Bolivia 
analyzed, 96 are di昀昀erent from each other for the S fragment 
analyzed (3060 bp). The nucleo琀椀de diversity obtained was 
0.00486 with a standard devia琀椀on equal to 0.00019.

One hundred and seventy (170) polymorphic sites and 2812 
monomorphic sites were found, with 78 sites containing gaps 
and/or dele琀椀ons. The number of haplotypes and haplotypic 
diversity by department are shown in Table 1. The average 
gene琀椀c distance was equal to 0.0057. Within the intrinsic 
characteris琀椀cs analyzed, a percentage of adenine equal to 
30.02%, thymine 32.97%, cytosine 18.82%, and guanine 18.19% 

was obtained. There is a Transi琀椀ons/Transversions ra琀椀o equal 
to 1.19.

Inferen琀椀al sta琀椀s琀椀cs

The phylogene琀椀c tree (Fig. 2) obtained for the Bolivian and 
CINGEN-IITCUP-LP2/2021 sequences reveals the presence of 
6 dis琀椀nct clades, each associated with a year of appearance 
and a speci昀椀c variant. The haplotype network obtained (Fig. 4) 
reveals the presence of 6 haplogroups. The phylogene琀椀c tree 
(Fig. 3) obtained for the Bolivian sequences and the three (3) 
sequenced samples with an analyzable size of 623 bp reveals 
the presence of 6 clades and a clade of two variants separated 
from the clade to which they belong, that is, to the clade of the 
2nd or 1st wave.

The Pearson linear correla琀椀on between microevolu琀椀on and the 
contagion waves gave a value equal to 0.9359. (Fig. 5)
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Figure 2. Phylogene琀椀c tree of the S gene fragment analyzed in Bolivian sequences (3060pb), iden琀椀fying clades linked to waves and 
variants.

Figure. 3. Phylogene琀椀c tree of the S gene fragment analyzed in Bolivian sequences (623 bp), iden琀椀fying clades linked to variants.
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Figure. 4. Network of haplogroups of the S gene (3060 bp) of SARS COV-2 from Bolivia that correspond to 昀椀ve iden琀椀昀椀ed 

Figure 5.  Pearson linear correla琀椀on coe昀케cient of the en琀椀re 
analyzed sequence of the S gene (3060 bp) 

DISCUSSION

The origin of SARS CoV-2 and its evolu琀椀onary rela琀椀onship 
remains ambiguous. Several studies a琀琀empted to resolve 
this ques琀椀on using genome-based phylogene琀椀c analyses, but 
limited progress was made, mainly due to the inability of these 
methods to reasonably integrate the phylogene琀椀c informa琀椀on 
of all SARS CoV-2 genes24.

The values obtained for haplotypic diversity, nucleo琀椀de 
diversity, polymorphic and monomorphic sites, and sites with 

gaps and/or dele琀椀ons reveal that the analyzed fragment (3060 
bp) is hypervariable since the more sequences are analyzed, the 
more haplotypes are iden琀椀昀椀ed. It may be due to the presence 
of the NTD and RBD subunits, which are the regions responsible 
for the recogni琀椀on and binding of the virus to ACE225.

As men琀椀oned by Singh & Yi (2021)26, the S proteins of 

coronaviruses are known to undergo frequent sequence 
changes in nature, including dele琀椀ons, muta琀椀ons, and 
recombina琀椀ons; in par琀椀cular, the RBD shows more divergence 
than other regions, sugges琀椀ng some altera琀椀on in the binding 
a昀케nity to human ACE2.

The iden琀椀昀椀ca琀椀on of the Y508S muta琀椀on in the CINGEN-IITCUP-
LP2/2021 sequence represents a signi昀椀cant 昀椀nding in the 
context of the evolu琀椀on of the SARS-CoV-2 virus, par琀椀cularly in 
the gene琀椀c landscape of the variants circula琀椀ng in Bolivia. This 
muta琀椀on, as it is not registered in widely used databases such 
as CoVariants® and CoV-Glue®, suggests the possibility that 
it is a new and speci昀椀c variant of this geographic region. The 
W436R muta琀椀on has already been studied for the produc琀椀on 
of vaccines27.

The E156G and R158del muta琀椀ons of the CINGEN-IITCUP-
LP1/2021 sequence, although not found in the CoVariants® 
database, studies such as that of Tarun et al. (2022)23 report 

that the combined presence of E156G/Δ157-158 is related to 
greater infec琀椀vity and lower sensi琀椀vity to an琀椀bodies induced 
by vaccines; thus, not only changes in RBD can determine the 
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infec琀椀vity and immune escape of the virus. It is why, at the 琀椀me, 
the Delta variant was one of the most contagious and lethal28.

The H146D muta琀椀on iden琀椀昀椀ed in the CINGEN-IITCUP-LP3/2024 
sequence is not new since it is registered on the CoV-Glue® 
page. Although it was possible to iden琀椀fy the type of variant in 
the samples sequenced by Sanger, for a de昀椀ni琀椀ve classi昀椀ca琀椀on, 
it is necessary to have the complete sequence of the S gene29. 

Although the phylogene琀椀c tree (Fig. 3) of the analyzed 623 bp 
fragment shows six (6) clades de昀椀ned by related haplotypes 
based on dates and type of variant, there are two variants that 
must have been found within the clades of the 1st or 2nd wave 
but they are separated between the 3rd and 4th wave; however, 
con琀椀nue being more old that the variants from 3rd and 4th 
wave. It suggests that it is necessary to analyze the complete 
fragment of the S gene to obtain correla琀椀on data according to 
waves of contagion, as observed in the phylogene琀椀c tree of the 
S gene analyzed based on 3060 bp (Fig. 2).

The correla琀椀on is also observed in the haplogroup network 
in Fig. 4, where the sequence obtained (3060 pb) is found in 
the haplogroup iden琀椀昀椀ed as from the 5th wave when the 
predominant variants were Omicron BA 4 and 5. Key nodes 
re昀氀ec琀椀ng gene琀椀c diversity between di昀昀erent epidemic waves 
were found in the haplogroup network (Fig. 4). The 昀椀rst two 
showed greater gene琀椀c variability. However, in later waves, a 
signi昀椀cant distance between haplotypes is observed, sugges琀椀ng 
microevolu琀椀on of the virus with up to 18 muta琀椀onal jumps 
between haplotypes. Some haplotypes, such as CINGEN-IITCUP-
LP2/2021, did not have detectable o昀昀spring.

On the other hand, it is important to men琀椀on that, despite the 
use of a 623 bp fragment to build a phylogene琀椀c tree (Fig. 3), 
the arrangement of the samples sequenced by Sanger shows 
a loca琀椀on in the clade corresponding to its variant, such is the 
case of the CINGEN-IITCUP-LP1/2021 sample that are found 
with variants of the 4th wave, that is, Delta variants.

Finally, the Pearson correla琀椀on coe昀케cient with a value equal to 
0.9359 (Fig. 5) shows a signi昀椀cant posi琀椀ve correla琀椀on (p>0.9) 
between the evolu琀椀on of the S gene of the SARS-CoV-2 variants 
that were presented in the Bolivian popula琀椀on over 琀椀me. Well, 
as 琀椀me passed, their variability in rela琀椀on to the Wuhan base 
variant increased, giving rise to a posi琀椀ve microevolu琀椀on.

These results underscore the importance of con琀椀nued genomic 
surveillance in Bolivia to track the evolu琀椀on of the virus and 
detect the emergence of variants that may have implica琀椀ons 
in terms of transmissibility, severity, and vaccine e昀케cacy. 
Furthermore, the possible presence of variants with new 
muta琀椀ons highlights the need to inves琀椀gate the immune 
response and e昀昀ec琀椀veness of vaccines in the local popula琀椀on.

It is crucial to highlight the fundamental role of Sanger 

sequencing in this study since it was evident that numerous 
NGS sequences loaded in GISAID do not present a complete 
ampli昀椀ca琀椀on of the S gene, which is why there is no complete 

informa琀椀on about it in Bolivia. As men琀椀oned by Daniels et al 
(2021)16 and other authors, NGS has limita琀椀ons when analyzing 
and iden琀椀fying point muta琀椀ons of clinical relevance.

At present, the process of genera琀椀ng and acquiring knowledge 
about SARS-CoV-2 remains a constant challenge. As we 
understand more about this virus, we are in a stronger posi琀椀on 
to develop e昀昀ec琀椀ve tools to combat it directly and to confront 
other gene琀椀cally similar viruses. Although next genera琀椀on 
sequencing (NGS) has been essen琀椀al to revealing the gene琀椀c 
informa琀椀on of each variant of the SARS-CoV-2 virus, it is 
crucial to highlight that accurate con昀椀rma琀椀on of these variants 
requires the use of Sanger sequencing. This technique is the gold 
standard for sequencing and iden琀椀昀椀ca琀椀on of point muta琀椀ons. In 
addi琀椀on, its use should be considered to increase the accuracy 
of predic琀椀ng the reliability threshold of the detected variants.30

CONCLUSIONS

The popula琀椀on gene琀椀c structure and phylogeny of the viral 
genomes of the SARS-CoV-2 S gene from Bolivian sequences 
available in the GISAID database from 2020 to September 25, 
2023, were analyzed, making the existence of a correla琀椀on 
evident. Between the waves of contagion that the Plurina琀椀onal 
State of Bolivia went through and the variants that emerged 
in each of them, since the forma琀椀on of six clades concordant 
with the six waves that occurred was evident, with a signi昀椀cant 
posi琀椀ve correla琀椀on being evident (p>0.9) between the gene琀椀c 
distances of the Bolivian variants (with the Wuhan base 
sequence) and their chronological emergence of variants 
(microevolu琀椀on) by waves in the Bolivian popula琀椀on.

Sequences of the S gene of the SARS CoV-2 virus were 
compara琀椀vely studied during the pandemic in Bolivia, 
contribu琀椀ng signi昀椀cantly to the understanding of its 
hypervariability, microevolu琀椀on, and phylogeny throughout 
the di昀昀erent waves of contagion, which showed a haplotypic 
diversity of 96.15%, an average gene琀椀c distance of 0.0057 and 
each clade of the phylogene琀椀c tree obtained was shown to 
harbor variants that arose in the same wave.

In addi琀椀on, the Y508S muta琀椀on was iden琀椀昀椀ed as unique in 
the Bolivian popula琀椀on since it was not found in any other 
sequence downloaded from GISAID. The informa琀椀on obtained 
from the ampli昀椀ed fragment of the S gene of the SARS-CoV-2 
virus is useful to determine the type of variant in the Bolivian 
popula琀椀on.
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