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RESUMO

A doenca do coronavirus 2019 (COVID-19) é uma doenca causada pelo virus SARS-
CoV-2, podendo ser transmitida principalmente, por vias aéreas. Em razdo da
diversidade nas manifestacBes clinicas, a COVID-19 é considerada uma doenca
sistémica, por comprometer varios érgaos e sistemas do corpo humano com sintomas
gue podem variar em assintomaticos a graves, podendo evoluir para 6bito. Em virtude
do aumento da cobertura vacinal e da disponibilizacdo de novas vacinas no sistema
de saude, foi declarada o fim da emergéncia global da COVID-19. Apesar da atual
estabilidade nas taxas de incidéncia e mortalidade pela doenca, a sua progressao
trouxe impactos negativos em todo o mundo. Muitos estudos de investigacdo do
genoma amplo vem sendo desenvolvidos, como forma de compreender a relagao de
fatores genéticos com a gravidade da COVID-19. Contudo, a maior parte dessas
investigacdes centram-se em paises de origem europeia e asiatica, que apresentam
um perfil genético bem diferente das populacfes indigenas da Amazénia brasileira,
evidenciando a necessidade de estudos que busquem maior compreensdo do
comportamento da COVID-19 nesses povos origindrios. Portanto, esse estudo tem
como objetivo investigar variantes genéticas exclusivas da populacdo indigena e
compreender o perfil genético Unico dessa populacédo, abrindo caminhos para estudos

futuros em indigenas e contribuindo para a saude desses povos.

Palavras-chave: COVID-19; SARS-CoV-2; Infeccdo; Populagéo indigena; Variantes e
Perfil genético.



ABSTRACT

.Coronavirus disease 2019 (COVID-19) is a disease caused by the SARS-CoV-2 virus,
which can be transmitted mainly by the air. Due to the diversity in clinical
manifestations, COVID-19 is considered a systemic disease, because it compromises
various organs and systems of the human body with symptoms that can vary from
asymptomatic to severe, and can progress to death. Due to the increase in vaccination
coverage and the availability of new vaccines in the health system, the end of the global
COVID-19 emergency has been declared. Despite the current stability in incidence and
mortality rates from the disease, its progression has brought negative impacts
worldwide. Many studies of research of the broad genome have been developed as a
way to understand the relationship of genetic factors with the severity of COVID-19.
However, most of these investigations focus on countries of European and Asian origin,
which have a very different genetic profile from the indigenous populations of the
Brazilian Amazon, evidencing the need for studies that seek a greater understanding
of the behavior of COVID-19 in these native peoples. Therefore, this study aims to
investigate unique genetic variants of the indigenous population and understand the
unique genetic profile of this population, opening paths for future studies in indigenous

people and contributing to the health of these peoples.

.Keywords: COVID-19; SARS-CoV-2; Infection; Indigenous Population; Variants and
Genetic Profile.
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1. VISAO INTEGRADORA DO PROBLEMA
1.1 CORONAVIRUS - TAXONOMIA E GENOMA VIRAL

De acordo com a classificacdo do Comité Internacional de Taxonomia de Virus
(ICTV), os coronavirus (CoVs) sao virus envelopados de RNA de fita simples positiva,
pertencentes a familia Coronaviridae e géneros: Alphacoronavirus, Betacoronavirus
Deltacoronavirus e Gammacoronavirus (Kim et al. 2020; ICTV, 2019; ICTV, 2020). Os
casos iniciais da infeccao por CoVs comecaram em animais. Contudo, devido as altas
e recorrentes taxas de mutacdes, esses virus adquiriram a capacidade de infectar
animais e seres humanos, através da chamada transmissédo zoonética (Zhou et al.
2020; Chan et al. 2013a; Chan et al. 2015b; Torres et al. 2022).

De maneira geral, os CoVs possuem uma morfologia semelhante entre si,
sendo formados por proteinas do envelope (E), membrana (M) viral e proteina spike
(S) (Figura 1). A entrada do virus causador da Sindrome Respiratoria Aguda Grave
Coronavirus 2 (SARS-CoV-2) na célula hospedeira ocorre basicamente, pela ligacao
da membrana da célula infectada com a proteina S presente no virus (Yao et al. 2020;
Tortorici; Veesler, 2019; Hoffmann et al. 2020).

Figura 1 - Representacéo Morfoldgica do SARS-CoV-2.

Fonte: Adaptado Torres et al. (2022).
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Estudos sugerem que a interacdo entre ceélula/hospedeiro se inicia com o
reconhecimento e ligagcdo do Dominio de Ligacéo ao Receptor (RBD), encontrado no
virus e a Enzima Conversora de Angiotensina 2 (ECA-2), identificada na célula

hospedeira (Hoffmann et al. 2020).

Posteriormente ao processo de ligacdo de RBD e ECA 2, ocorre uma clivagem
dependente de proteases celulares (especialmente a Serinoprotease Transmembrana
2 — TMPRSS2). Tal processo de clivagem favorece a endocitose e a entrada do virus
na célula hospedeira (Hoffmann et al. 2020; Wang et al. 2020; Yan et al. 2020;Torres et
al. 2022). Uma vez dentro da célula, a particula viral libera seu material genético no
citoplasma, o RNA liberado é entdo traduzido em duas poliproteinas (ppla e pplab)
que sao clivadas por proteases virais (NSP3-Plpro e NSP5-Mpro) importantes para a
sintese de proteinas ndo estruturais (Zhou et al. 2020;Fehr; Perlman, 2015) (Figura 2).

Figura 2 — Ciclo de replicacdo do SARS-CoV-2.
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Ao final do ciclo de replicacdo, proteinas estruturais séo inseridas no Reticulo
Endoplasmatico (RE) através do compartiihamento ERGIC (contato entre RE e
complexo de Golgi) (Jaimes, 2020; Torres et al. 2020) e novas particulas virais sdo

produzidas e liberadas para fora da célula através do processo de exocitose.

A medida que os casos de infec¢éo por SARS-CoV-2 comecaram a se espalhar
pelo mundo, a realidade da saude publica global passou a ser cada vez mais critica.
Dada tal situacdo emergencial, a Organizacdo Mundial da Saude (OMS), declarou a
pandemia da doenca do coronavirus 2019 (COVID-19) (Chan, 2003c; Dhama et al.
2020; Cucinotta; Vanelli et al. 2020). A COVID-19 € uma doenca causada pelo SARS-
CoV-2, transmitida através de vias aéreas e com uma manifestacao clinica bastante
extensa, sendo considerada uma doencga sistémica por comprometer o funcionamento

de vérios 6rgédos do corpo humano (Driggin et al. 2020; Terpos et al. 2020).

O genoma do virus causador da COVID-19 é formado por: 13 quadros de leitura
aberta (ORFS); 4 proteinas estruturais: spike (S), nucleocapsideo (N), membrana (M)
e envelope (E); proteinas nao estruturais (NSP1, NSP2, NSP3, NSP4, NSP5, NSP6,
NSP7, NSP8, NSP9, NSP10, NSP12, NSP13, NSP14, NSP15 e NSP16); e proteinas
acessorias (3a, 3b, 6, 7a, 7b, 8b, 9b e ORF14) (Figura 3) (Lu et al. 2020; Wu et al.
2020; Torres et al. 2022).

Figura 3 — Genoma do SARS-CoV-2.
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Fonte: Adaptado de Torres et al. (2022).

1.2 VARIACOES CLINICAS DA COVID-19

Os sintomas da COVID-19 variam em assintoméaticos, leves, moderados,
severos ou criticos, podendo evoluir para o6bito (Figura 4) (Fricke-Galindo; Falcan-
Valencia, 2021; Huang et al. 2020). Mais de 40% dos pacientes com a COVID-19
apresentam a Sindrome do Desconforto Respiratorio Agudo (SDRA), especialmente
agueles que tém algum tipo de comorbidade (Wu et al. 2020). Quadros de linfopenia

também sdo bastante associados com 0s casos mais graves da doenca, evidenciando

Rita de Céssia Calderaro Coelho Mestrado em Farmacologia e Bioquimica — Pag. 10



0 quanto a reducao de leucdcitos esta relacionada com os casos letais da COVID-19

(Henry, 2020).

Figura 4 — Manifestac6es clinicas da COVID-19.
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Fonte: Adaptado de Fricke-Galindo; Falcan-Valencia, (2021).

A presenca de biomarcadores cardiacos também indica casos graves da
doenca. Em um estudo foi demonstrado que a concentracdo de Tromponina Cardiaca |
(cTnl) aumentou em pacientes diagnoticados com a COVID-19, quando comparados com aqueles
gue desenvolveram sintomas mais leves (Lippi; Lavie; Sanchis-Gomar, 2020). Em razdo ao
amplo espectro clinico da doenca, pacientes com idade avancada e/ou que
apresentam  doencas como  diabetes, hipertensdo, @ comprometimentos
cardiovasculares, dentre outras comorbidades, podem desenvolver um quadro mais
grave da COVID-19 (Huang et al. 2020).

No entanto, ainda que tais fatores sejam associados com a severidade e
mortalidade da doenca, essas condigbes ndo podem ser a unica explicacdo para a
evolucdo clinica da COVID-19. Habitos de vida, influéncia da alimentacéo, fatores
culturais e genéticos também séo fatores bastante influentes na resposta individual a
doenca (Park et al. 2020; Fricke-Galindo; Falcan-Valencia, 2021). No que concerne
iss0, é de extrema importancia o monitoramento de biomarcadores dos pacientes antes
e apoés a internacgdo para auxiliar na compreensao da progressao da COVID-19 (Lippi;

Lavie; Sanchis-Gomar, 2020).
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1.3 EPIDEMIOLOGIA
1.3.1 Mundial

Segundo a OMS (2004), casos de infecgdo por SARS foram identificados em
2002, na provincia chinesa de Guangdong, levando a oObito 916 pessoas em varios
paises. Anos mais tarde, casos de infeccdo por SARS-CoV em humanos foram

confirmados com 774 mortes (Drosten et al. 2003; Lau et al. 2003).

Em dezembro de 2019, casos de pneumonia ocasionados por um agente
etiolégico até entdo desconhecido, comecaram a ser reportados. Pouco tempo depois
foram confirmados mais de 414.179 casos da COVID-19 reportados em 197 paises,
sendo declarada a pandemia causada pelo SARS-CoV-2, a COVID-19 (Baloch et al.
2020).

E incontestavel os impactos negativos gerados em decorréncia da pandemia.
No entanto, em virtude do aumento da cobertura vacinal e da disponibilizacdo de um
maior numero de vacinas no sistema de saude, recentemente foi declarado pela OMS,
o fim da emergéncia global da COVID-19 (Luo et al. 2023). A vacinacao da populacao
tornou possivel a reducdo das taxas de internacdo e mortalidade pela doenca,
contribuindo para a atual estabilidade dos casos no mundo todo (Rabaan et al. 2020;
Woo et al. 2005).

Atualmente, de acordo com dados da OMS, até o dia 27 de setembro de 2023,
houveram 770.875.433 casos confirmados da COVID-19, com 6.959.316 6bitos. No
entanto, sdo relatados semanalmente reducdo no nimero de mortalidade pela doenca
em niveis mundiais (Figura 5).

Figura 5 — Representa(;ao graflca atual da S|tuagao da COVID 19 no mundo.

Cases - Total

I >5.000.000
I 500.001-5.000.000
I 50.001-500.000

5.001-50.000
1-5.000

0

Not applicable

Fonte: Adaptado da WHO, 2023.
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1.3.2 Brasil

No dia 26 de fevereiro de 2020, em Séo Paulo, foi confirmado o primeiro caso
da COVID-19 no Brasil. Um individuo do sexo masculino que tinha retornado de uma
viagem a lItalia tinha entrado em contato com o virus (Araujo et al. 2020). Até a
confirmacéo desse primeiro caso no Brasil, ja haviam 81.109 pessoas infectadas em
38 paises (Rodriguez-Morales et al. 2020). A partir do primeiro caso confirmado da
doenca no pais, 0 numero de pacientes diagnosticados com a COVID-19 passou a ser
cada vez mais crescente, chegando em agosto de 2020 a 3.846.153 casos
confirmados e 120.462 6bitos (WHO, 2023).

Devido a rapida progressdo, fez-se necessario a adocdo de medidas
emergenciais como forma de controlar os casos novos da doenca. Tais estratégias
preventivas visavam isolar a pessoa infectada e também realizar diagndstico precoce
da COVID-19. Como forma de reduzir a transmissao viral também eram aconselhadas
praticas de higiene como lavagem correta das maos, evitar contato com mucosas,
dentre outras. O fechamento de fronteiras, escolas e outros servicos em geral, também
foram algumas outras medidas praticadas em varios paises como forma de minimizar

o impacto da pandemia (Guner, 2020).

Apesar da implementacdo dessas medidas terem demonstrado um efeito
positivo no controle da pandemia retardando a transmissédo da doenca, isso néo foi o
suficiente para o seu controle. Tanto no Brasil quanto no mundo, o avanco nos casos
da COVID-19 e aumento das subnotificacbes, foram cada vez mais frequentes.

Contudo, atualmente esses dados apresentam-se estaveis em niveis globais.

De acordo com dados coletados de janeiro a setembro de 2023, o Brasil apresentou
37.720.419 casos confirmados por COVID-19 com 704.659 6bitos (Figura 6). Ainda
gue esses numeros sejam bastante expressivos, atualmente, no dia 25 de setembro de
2023, o Brasil ndo demonstrou aumento no numero de casos e mortalidade por COVID-
19.Tais fatos evidenciam que a situacao atual do pais em relagcdo a COVID-19, &
bastante positiva (WHO, 2023).
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Figura 6 — Situac&o atual do Brasil em relacdo a COVID-19.
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Fonte: Adaptado da WHO, 2023.

1.4 POPULACOES INDIGENAS

A sub-representacédo das populacdes indigenas em estudos genémicos sobre
a COVID-19 representa uma escassez de informacédo em relacdo a resposta individual
sobre o comportamento da doenca dentro destes grupos populacionais.
Consequentemente, devido ao perfil genético Unico das populacdes indigenas, pouco
se sabe a respeito das influéncias de variantes genéticas presentes nesses grupos que
podem interferir na resposta individual a doenca em cada individuo, de acordo comsuas

particularidades.

Presentes ha séculos no territorio brasileiro, a populacdo indigena apresenta
uma forte contribuicdo tanto no processo histérico do Brasil quanto na identidade
cultural, territorial e no que diz respeito a influéncia genémica individual. Dados do
Censo Demografico de 2010 demonstram um crescimento de pessoas autodeclaradas
indigenas nas regifes Norte, Nordeste e Centro-Oeste. Adicionalmente, apesar da
presenca de populacdes indigenas em todo o Brasil, o Norte do pais apresenta o maior
percentual de autodeclarados indigenas, com aproximadamente 37,4% da totalidade
de povos indigenas no pais (IBGE, 2010).

Pouco se sabe a respeito da saude indigena no Brasil, especificamente se
tratando de estudos de associacdo de GWAS (Genome-wide Association Studies)
relacionados com a investigacdo de variantes genéticas envolvidas com doencas
infecciosas. Além disso, outros estudos demonstram a mudan¢a nos hébitos
alimentares da populagdo indigena, por meio da introdugdo de alimentos

industrializados e ultra processados, bem como o consumo de bebidas alcodlicas,
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frequentemente relacionados com doencas como obesidade e diabetes (Alvim et al.
2014; Arnaiz- Villena et al. 2013; Barbosa et al. 2019). Tais doencgas podem acarretar
em problemas de saude mais graves que venham a comprometer o perfil genético de
cada individuo e, consequentemente, a maneira como a COVID-19 pode ser

manifestada.

S&0 escassos o0s dados na literatura que abordam a relacdo dos grupos
indigenas com a COVID-19, principalmente estudos que demonstram a associacéo de
variantes genéticas com a severidade da doenca dentro dessas populacfes. Dentro
desse contexto, recentemente uma investigacdo desenvolvida em nosso grupo de
pesquisa investigou variantes genéticas nos genes SLC6A20, LZTFL1, CCR9, FYCO1,
CXCR6, XCR1 e ABO potencialmente envolvidos com as formas graves da COVID-19
nas populacdes indigenas: Asurini do Tocantins, Asurini do Xingu, Araweté, Arara,
Juruna, Awa-Guaja, Kayapdé/ Xikrin, Munduruku, Karipuna, Phurere, Wajapi e Zo’é
(Pastana et al. 2022). O trabalho demonstrou que o gene ABO foi 0 que apresentou a
maioria das variantes com diferencas significativas, o que sugere que a diferenga no
perfil gendmico e a identificacdo de novas variantes na populacdo indigena pode

influenciar no desenvolvimento das formas graves da doenca.

No que concerne isso, € imprescindivel maiores pesquisas em populacdes
indigenas como forma de compreender o perfil genético Unico desses grupos. Sendo
assim, é fundamental o desenvolvimento de estudos gendmicos que visem investigar
variantes genéticas com potencial associacdo a gravidade da COVID-19, que sejam
exclusivas desse grupo e que contribuam para o desenvolvimento da medicina

personalizada respeitando a individualidade da populacéo indigena.

1.4.1 Estudos gendmicos em popula¢cdes indigenas da Amazénia

Apesar do fim da emergéncia global da pandemia, a COVID-19 atingiu
propor¢des mundiais desanimadoras. A progresséo de casos da doenga acarretou em
grandes impactos negativos em todo o mundo. Tendo em vista tais impactos mundiais
da pandemia, estudos de investigagcdo de genoma amplo sdo fundamentais para a

compreensao do desenvolvimento da COVID-19 e suas consequéncias.

Estudos de GWAS identificaram variantes genéticas com forte relacdo a COVID-
19 grave (Ellinghaus et al. 2020; Shelton et al. 2021). Um estudo demonstrou forte
associacao dos rs11385942 (locus 3p21.31) e rs657152 (locus 9g34.2) com a forma
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mais grave da doenca. Além disso, 0 estudo também demonstrou a presenca dos
genes SLC6A20, LZTFL1, CCR9, FYCO1, CXCR6 e XCR1 no locus 3p21.31 e do
grupo sanguineo ABO (locus 9g34.2) (Ellinghaus et al. 2020). Amostras de europeus,
latinos e africanos foram analisadas em outro estudo e constatou-se que 0 grupo
sanguineo ABO aumentou a suscetibilidade a gravidade da COVID-19. Entretanto,
diferente dos outros grupos sanguineos analisados no estudo,o grupo O foi sugerido

como um fator protetor contra a doenca (Shelton et al. 2021).

Em outro estudo recente com pacientes de 34 hospitais da Espanha novos
genes foram associados com a gravidade da COVID-19 (AQP3, ARHGAP27, ELF5,
IFNAR2, LIMD1, OAS1 e UPK1A). Neste estudo, também foi abordado o
comportamento da doenga nos sexos masculino e feminino (Cruz et al. 2022). Os
mesmos genes presentes na pesquisa de Cruz et al. 2022 também foram selecionados
para o presente estudo, mas com amostras da populacdo indigena da Amazoénia

brasileira.

Dessa forma, estudos genémicos que busquem compreender a variabilidade
genética das populacdes indigenas e que sejam capazes de investigar variantes
genéticas exclusivas desse grupo refletem positivamente para estudos futuros que
comprovem o0 impacto dessas variantes em pacientes com a COVID-19 em
populacdes indigenas, contribuindo para a saude publica desses povos.
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Abstract: Genetic factors associated with COVID-19 disease outcomes are poorly understood. This
study aimed to associate genetic variants in the SLC6A20, LZTFL1, CCR9, FYCO1, CXCR6, XCR1,
and ABO genes with the risk of severe forms of COVID-19 in Amazonian Native Americans, and to
compare the frequencies with continental populations. The study population was composed of

64 Amerindians from the Amazon region of northern Brazil. The difference in frequencies between the
populations was analyzed using Fisher’s exact test, and the results were significant when p < 0.05. We
investigated 64 polymorphisms in 7 genes; we studied 47 genetic variants that were new or had impact
predictions of high, moderate, or modifier. We identified 15 polymorphisms with moderate impact
prediction in 4 genes (ABO, CXCR6, FYCO1, and SLC6A20). Among the variants analyzed,

18 showed significant differences in allele frequency in the NAM population when compared to others.
We reported two new genetic variants with modifier impact in the Amazonian population that could be
studied to validate the possible associations with COVID-19 outcomes. The genomic profile of Amazonian
Native Americans may be associated with protection from severe forms of COVID-19. This work provides
genomic data that may help forthcoming studies to improve COVID-19 outcomes.

Keywords: COVID-19; gene; risk factor; genetic variant

1. Introduction

The coronavirus disease 2019 (COVID-19) outbreak started when a few patients were
hospitalized with acute respiratory distress syndrome in December 2019. At the end of
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January 2020, a total of 1975 COVID-19 cases were confirmed in China, with a total of 56
deaths [1]. The new infection spread worldwide, and the World Health Organization (WHO)
declared COVID-19 a pandemic on 11 March 2020 [2]. Globally, the number ofconfirmed cases
of COVID-19 has reached almost 386,548,962, including 5,705,754 deaths asof 6 February
2022 [3]

All individuals are susceptible to COVID-19 infection; however, the severity of the disease
varies significantly between individuals and populations. There are many host, viral, and
environmental factors contributing to the COVID-19 phenotype [4]; however, the genetic
factors associated with COVID-19 disease outcomes are poorly understood. The discovery
of human genetic factors associated with this disease’s severity would be in- valuable in
identifying high-risk groups, and would enable the stratification of individuals according to
risk in order to guide personalized prevention and therapeutics [5].

Infectious diseases continue to disproportionately affect indigenous peoples and
admixture populations with Amerindian ancestry [6-10], and COVID-19 has reached
indigenous communities [11-16]. This population has a particular genetic vulnerability to
infection due to different frequencies of alleles in immune system genes [17]. Their high
genetic homozygosity has been suggested to be a consequence of a serial founder effect,
compounded by successive generations of inbreeding [18]. This genetic factor may result in
a significant loss of diversity and have consequences on health and performance [8].

In genome-wide association studies (GWASs), the identification of potential genetic
factors associated with the development of COVID-19 has been investigated. The first GWAS
analysis with 1980 patients with COVID-19 identified two loci associated with the most severe
forms of COVID-19: one locus was 3p21.31, which includes the genes SLC6A20, LZTFL1,
CCR9, FYCO1, CXCR6, and XCR1, while the other was 9q34.21, including the ABO blood
group. These results might explain the heterogeneity of the disease [19].

The CXCR6, CCRY, and XCR1 genes are chemokine receptors, and directly participate

in the functioning of cells of the immune system and the expression of interleukins. Other
selected genes have more heterogeneous actions. The LZTFL1 gene plays a role in intracel-
lular signaling actions. The FYCO1 gene is involved in the transport of autophagic vesicles,
the SLC6A20 gene activates virus adhesion co-receptors in the cell, and the ABO gene is

related to glycosylation of the H antigen for the formation of blood group variability [19].

Subsequently, Shelton et al. identified a strong association between blood type and COVID-
19 diagnosis. Moreover, variants on chromosome 3p21.31 were strongly associated with
COVID-19 outcome severity [20]. The present study investigated genetic variants in the
SLC6A20,LZTFL1, CCRY, FYCO1, CXCR6, XCR1, and ABO genes that are potentially

related to severe forms of COVID-19 in Amazonian Native American populations, and
compared their frequencies with continental populations.

2. Materials and Methods
2.1. Study and Reference Populations

All participants in the study and their ethnic group leaders signed written informed
consent. The recruitment period was before the COVID-19 pandemic, from September 2017
to December 2018. The study was approved by the National Committee for Ethics in Research
(CONEP) and the Research Ethics Committee of the UFPA Tropical Medicine Center under
CAAE number 20654313.6.0000.5172, and by the Research Ethics Committee of the UFPA
under project 123/98.

The Amazonian Native American (NAM) cohort was composed of 64 Amerindians from
the Amazon region of northern Brazil. The NAM population was healthy and did not share
family relationships. The genetic ancestry was obtained through a panel of 61 ancestry-
informative markers (AIMs), which were used for estimating individual ancestry and
admixture from three continents (European, African, and Amerindian) in three multiplex PCR
reactions [7,21,22]. The amplicons were analyzed by electrophoresis using the ABI Prism 3130
sequencer and the GeneMapper ID v.3.2 software. The individual proportions were estimated
using STRUCTURE v.2.3.3.
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The allele frequencies of the NAM population were obtained directly by gene counting
and compared with continental populations (available at http://www.1000genomes.org). The
1000 Genomes project dataset corresponds to full-length DNA sequences from 2504 hu- man
individuals that include 26 population groups clustered into 5 larger population groups
(African: AFR; American: AMR; East Asian: EAS; European: EUR; and South Asian: SAS). These
populations include 661 individuals of African (AFR), 347 of American (AMR), 504 of East
Asian (EAS), 503 of European (EUR), and 489 of South Asian (SAS) descent.

For the samples with European, East Asian, and South Asian ancestry, populations across
the geographic range had ~1% FST; populations from Africa were related to the Yoruba and,
therefore, not a comprehensive representation of Africa; for populations in the Americas, the
samples were from two populations with primarily African and European ancestry— people
with African Ancestry in the southwest USA (ASW), and those of Afro-Caribbean descent in
Barbados (ACB)—and four populations (people with Mexican Ancestry in Los Angeles, CA, USA
(MXL), Colombians in Medellin, Colombia (CLM), Puerto Ricans in Puerto Rico (PUR), and
Peruvians in Lima, Peru (PEL)) with a wide range of European, African, and Indigenous
American ancestry were chosen to represent the wide variation in ancestry proportions
observed in North, Central, and South America.

2.2. Extraction of DNA and Preparation of the Exome Library

The DNA extraction was performed via the phenol-chloroform method [23]. The
quantification and integrity of genetic material were analyzed using a NanoDrop 8000 spec-
trophotometer (Thermo Fisher Scientific Inc.,, Wilmington, DE, USA) and electrophoresis in 2%
agarose gel, respectively.

The exome libraries were prepared using the Nextera Rapid Capture Exome (Illumina®,
San Diego, CA, USA) and SureSelect Human All Exon V6 (Agilent, Santa Clara, CA, USA) kits.
The sequencing reactions were run on the NextSeq 500® platform (Illumina®, San Diego,
CA, USA) using the NextSeq 500 High-Output v2 300 cycle kit (Illumina®, San Diego, CA, USA).

2.3. Bioinformatic Analysis

The quality of the FASTQ reads was analyzed (FastQC v.0.11—http://www.bioinformatics.
babraham.ac.uk/projects/fastqc/; accessed on 20 January 2022), and the samples were filtered
to eliminate low-quality readings (fastx_tools v.0.13—http://hannonlab.cshl.edu/fastx_
toolkit/; accessed on 20 January 2022). The sequences were mapped and aligned with the
reference genome (GRCh38) using the BWA v.0.7 tool (http://bio-bwa.sourceforge.net/;
accessed on 20 January 2022). Following this alignment with the reference genome, the file
was indexed and sorted (SAMtools v.1.2—http://sourceforge.net/projects/samtools/;
accessed on 20 January 2022). Subsequently, the alignment was processed for duplicate PCR
removal (Picard Tools v.1.129—http://broadinstitute.github.io/picard/; accessed on 20
January 2022), mapping quality recalibration, and local realignment (GATK v.3.2—https:
//www.broadinstitute.org/gatk/; accessed on 20 January 2022). The results were processed
in order to determine the variants from the reference genome (GATK v.3.2). The analysis of
the variant annotations was carried out using the ViVal (Viewer of Variants) software
developed by the Federal University of Rio Grande do Norte (UFRN)’s bioinformatics team.
The databases and their versions used for variant annotations were SnpEff v.4.3.T, Ensembl
Variant Effect Predictor (Ensembl release 99), and ClinVar (v.2018- 10). For in silico prediction
of pathogenicity, we used SIFT (v.6.2.1), PolyPhen-2 (v.2.2), LRT (November 2009),Mutation
Assessor (v.3.0), Mutation Taster (v. 2.0), FATHMM (v.2.3), PROVEAN (v.1.1.3), MetaSVM
(v1.0), M-CAP (v1.4), and FATHMM-MKL
(http://fathmm.biocompute.org.uk/abouthtml; accessed on 20 January 2022). More
information about bioinformatic analyses is described in the works of Rodrigues et al. (2020)
and Ribeiro-dos-Santos et al. (2020) [22,24].
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2.4. Statistical Analyses

The difference in frequencies between the populations was analyzed using Fisher’s exact test, and the
results were significant when £ 0.05. The interpopulation variability of the
polymorphisms was assessed using Wright's fixation index (FST). These analyses were
performed using RStudio v.4.1.0.

2.5. Selection of Variants

Seven genes (SLC6A20, LZTFL1, CCR9, FYCO1, CXCR6, XCR1,and ABO) used in recent
GWAS studies were selected. These studies identified genes at the loci 3p21.31 and 9q34.21 as
being likely related to disease severity [19,20,25]. For subsequent analyses, the selection of
variants was based on three main criteria: (a) a minimum of 10 reads of coverage (fastx_tools
v.0.13-http://hannonlab.cshl.edu/fastx_toolkit/; accessed on 20 January 2022), (b) the variant
should have an allele frequency described in all continental populations from the 1000 Genomes
Project Consortium [10], and (c) the variant impact should be either modifier, moderate,or
high, according to SnpEff classification (https://pcingola.github.io/SnpEff/; accessed on 20
January 2022)—a program that predicts coding effects such as synonymous or non-
synonymous amino acid replacement, start codon gains or losses, stop codon gains or losses,
and/or frameshifts. Predicted effects concerned protein-coding genes [26]. A total of 64 variants
were found in the ABO, CCR9, CXCR6, FYCO1, LZTFL1, XCR1, and SLC6A20 genes, and are
described in Supplementary Table S1. The analyses were directed to 38 variants that met all
specifications of the selection criteria. The function of these genes is summarized in Table 1.

Table 1. Function of the SLC6A20, LZTFL1, CCR9, CXCR6, XCR1, FYCO1, and ABO genes.

Gene Description *

This gene encodes the protein sodium-amino acid(proline) transporter 1 (SIT1), which interacts with
the angiotensin-converting enzyme 2 (ACE2)—the SARS-CoV-2 cell-surface receptor—allowing its
heterodimerization [19]. The heterodimerization of the ACE2 protein is necessary for the formation of
a quaternary structure that functions as a binding site for the SARS-CoV-2 protein S [27].

SLC6A20

The LZTFL1 gene encodes the leucine zipper transcription factor-like 1, and its functionis relatedto
tumor-suppressor action and negative regulation of the hedgehog signaling pathways. This gene has

LZTFL1 high expression in lung tissues [25,28]; it is related to the functioning of the cilia of the pulmonary
epithelium and to the signaling of important intracellular pathways, regulating the epithelial-
mesenchymal transformation [29].

CC chemokines are mainly responsible for the recruitment of lymphocytes. CCR9 is the receptor for
the C-C chemokine ligand 25 (CCL25). The CCR9 receptor is mainly found on immature T
lymphocytes and the surface of intestinal cells [30]. Animal studies have shown that the
CCR9/CCL25 complex participates in the action of T helper 1 (Th1) cells. Another findingindicates
that in knockout rats there was a reduction in the mRNA levels of pro-inflammatory cytokines (i.e.,
IL-6, IL-1B, and TNF-a) [30,31].

CXC chemokines have the highest ability to attract neutrophils and monocytes (30). CXCRG6 is the
CXCR6 receptor for CXCL16; in cellular studies and animal models, it has been shown to regulate
inflammatory activity and influence the levels of INF-y and TNF-a secreted by CD4+ T cells [32,33].

CCR9

XCR1 encodes the receptor of the XCL-1 ligand. The receptor triggers chemotactic signals in the
presence ofthe ligand [34]. XCR1 is expressedin the lung tissue. Further reports suggest that XCL1

XCR1 expressioninNKcellsand CD8+ T cells is constitutively detectable at a steady state, and is elevated
during viral infection in mice and humans. The XCL1-XCR1 axis is important for efficient cytotoxic
immune response mediated by CD8+ T cells [35].

This gene is responsible for the production of a Rab7 adapter protein, and has the function of assisting
in the intracellular transport of autophagic vesicles via transport by microtubules. To carry out the
FYCO1 transport, the encoded protein interacts with Rab7 GTPase, phosphatidylinositol-3-phosphate (PI3P),
the autophagosome marker LC3, and the kinesin KIF5 [36,37]; it was previously found to be related to
inclusion body myositis (IBM) and autosomal recessive congenital cataracts (CATC2) [38,39].

The ABO gene encodes the enzyme alpha 1-3-galactosyltransferase, which transforms the H antigen
expressed on the cell surface of several cell types into A and B antigens. Furthermore, the enzyme
convertsthe Hantigeninto the von Willebrand factor [40]. Studies indicate that group A confers risk
ofdeveloping severe forms ofinfection, while group O confers protection[1]. This effectis related to
the expressionofanti-Aand anti-Bantibodies that could neutralize the interactionof the virus protein
Swith ACE2, blockingits adsorption [41]. Another hypothesis would be its actionin the formation of
the von Willebrand factor and its relationship with its expression in the pulmonary endothelium,
indirectly influencing pro-inflammatory regulation and cell adhesion [42,43].

ABO

* The gene functions related to COVID-19 are hypotheses raised by other authors.
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3. Results

In our study, we identified 64 polymorphisms distributed in 7 genes: 14 of them from the
ABO gene, 3 from the CCR9 gene, 1 from the CXCR6 gene, 1 from the XCR1 gene, 11 from
the SLC6A20 gene, 4 from the LZTFL1 gene, and 30 from the FYCO1 gene (Supplementary
Table S1). Among these 64 variants, only 47 were new variants or had impact prediction by
SnpEff of high, moderate, or modifier. A total of 10 SNPs were located in the ABO gene, 2 in
the CCR9 gene, 1 in the CXCR6 gene, 21 in the FYCO1 gene, 4 in the LZTFL1gene, and 8 in
the SLC6A20 gene.

These variants are described in Table 2, which contains characteristics including SNP ID,
chromosomal region, nucleotide change, SnpEff software impact prediction, and allele
frequency for the NAM population and the five continental populations present in the 1000
Genomes platform (AFR, AMR, EAS, EUR, and SAS).

Table 2. Description of the variants with predicted high, moderate, or modifier impact, and new

variants for the genes ABO, CCR9, CXCR6, FYCO1, LZTFL1, and SLC6A20.

Gene Position SNPID Ref 2 Varb Impact Predicted VariantAllele Frequency
by SnpEff NAM  AFR__AMR _ EAS _ EUR SAS
ABO 133256189 rs55727303 C T High 0.281 0.001 0.108 - 0.012 0.026
ABO 133255902 rs8176748 C T Moderate 0.814 0.243 0.431 0.290 0.221 0.220
ABO 133256085 rs8176740 A T Moderate 0.814 0.242 0.431 0.289 0.221 0.220
ABO 133256264 rs1053878 G A Moderate 0.016 0.256 0.068 0.151 0.099 0.029
ABO 133257465 rs8176721 G A Moderate 0.000 0.155 0.017 - 0.005 -
ABO 133257486 rs8176720 T C Moderate 0.814 0.489 0.494 0.483 0.337 0.464
ABO 133257246 rs2073824 A G Modifier 0.728 0.469 0.496 0.549 0.336 0.465
ABO 133257320 rs2073825 A T Modifier 0.235 0.241 0.431 0.289 0.222 0.225
ABO 133262062 * C A Modifier 0.016 - - - - -
ABO 133275050 rs616154 C T Modifier 0.031 0.531 0.408 0.408 0.535 0.631
ABO 133275068 rs559723 A G Modifier 0.184 0.531 0.408 0.408 0.536 0.631
CCR9 45894830 rs7648467 C A Modifier 0.014 0.448 0.050 - 0.013 0.008
CCR9 45897524 rs17764980 G A Modifier 0.000 0.005 0.058 0.004 0.120 0.383
CXCRé6 45946488 rs2234355 G A Moderate 0.033 0.491 0.068 - 0.005 0.001
FYCO1 45959401 * G A Low 0.019 - - - - -
FYCO1 45923752 rs35678722 G A Moderate 0.083 0.012 0.001 - - -
FYCO1 45966331 rs13079478 G T Moderate 0.070 0.005 0.059 0.004 0.122 0.360
FYCO1 45966333 rs13059238 T C Moderate 0.070 0.019 0.063 0.004 0.123 0.359
FYCO1 45966722 rs113517878 C T Moderate 0.083 0.003 0.003 - - -
FYCO1 45967298 rs3796375 G A Moderate 0.822 0.093 0.565 0.661 0.431 0.372
FYCO1 45967995 rs33910087 G A Moderate 0.070 0.017 0.059 0.005 0.122 0.359
FYCO1 45968372 rs3733100 C G Moderate 0.885 0.210 0.643 0.667 0.556 0.731
FYCO1 45968585 rs4683158 C T Moderate 0.994 0.982 0914 1.000 0.801 0.922
FYCO1 45979767 rs1306733846 C T Moderate 0.000 0.000 0.000 0.000 0.000 0.000
FYCO1 45923467 rs6800954 C T Modifier 0.143 0.287 0.193 0.307 0.216 0.148
FYCO1 45936407 rs1873002 T C Modifier 1.000 1.000 1.000 1.000 1.000 1.000
FYCO1 45938385 rs9875616 G A Modifier 0.859 0.914 0.850 0.954 0.746 0.879
FYCO1 45959378 rs13069079 G A Modifier 0.000 0.005 0.058 0.004 0.121 0.371
FYCO1 45959571 rs1532071 G A Modifier 0.908 0.260 0.614 0.652 0.529 0.732
FYCO1 45959735 rs76597151 G A Modifier 0.014 0.017 0.062 0.004 0.122 0.371
FYCO1 45969944 rs17214952 A G Modifier 0.014 0.019 0.063 0.004 0.123 0.360
FYCO1 45973053 rs41289622 T G Modifier 0.070 0.005 0.059 0.004 0.122 0.361
FYCO1 45975359 rs751552 A T Modifier 0.814 0.063 0.565 0.661 0.431 0.371
FYCO1 45981341 rs36122610 G A Modifier 0.054 0.005 0.059 0.004 0.122 0.358
FYCO1 45984767 rs3733097 G A Modifier 0.853 0.067 0.561 0.655 0.432 0.372
LZTFL1 45828480 rs1129183 C T Moderate 0.000 0.043 0.038 0.039 0.074 0.077
LZTFL1 45827235 * TCTG T Modifier 0.016 - - - - -
LZTFL1 45842023 rs138230559 C T Modifier 0.009 0.033 - - - -
LZTFL1 45842083 rs141398338 A C Modifier 0.083 0.005 - - 0.002 -
SLC6A20 45759079 rs140440513 C T Moderate 0.083 0.000 0.000 0.000 0.000 0.000
SLC6A20 45759901 rs61731475 T C Moderate 0.000 - 0.006 - 0.014 -
SLC6A20 45772602 rs17279437 G A Moderate 0.017 0.005 0.043 0.006 0.092 0.031
SLC6A20 45775922 rs139429025 T C Moderate 0.000 0.012 - - - -
SLC6A20 45758379 rs2251347 C T Modifier 0.994 0.990 0.976 0.921 0.954 0.972
SLC6A20 45760066 rs116638840 C T Modifier 0.027 0.076 0.010 - - 0.003
SLC6A20 45762899 rs2191027 C T Modifier 0014 0020 0193 0017 0299  0.149
SLC6A20 45780132 rs2252547 T C Modifier 0.155 0.465 0.614 0.450 0.591 0.516

Rita de Céssia Calderaro Coelho

2 Reference allele; b variant allele; * variants without described SNP; (-) no annotation; NAM: Amazonian Native
American populations; AFR: African populations; AMR: American populations; EAS: East Asian populations; EUR:
European populations; SAS: South Asian populations. All variants described in this table follow the selection criteria
based on the impact prediction of modifier, moderate, or high, according to SnpEff.
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We identified three new variants in the Amazonian Native American population: One of
the variants was located in the ABO gene at position 133262062, with base exchange C > A,
in the intronic region, with an allele frequency of 0.016. The second variant was identified in
the FYCO1 gene at position 45959401, with base exchange G > A, in the exonic region, withlow
impact predicted by SnpEff and an allele frequency of 0.018. The third variant was identified
inthe LZTFL1 gene at position 45827235, with a TCTG > T deletion, in the intronicregion, and
with an allele frequency of 0.016.

Among the polymorphisms analyzed, eight showed no variant allele frequency in
Amerindian populations: two of these were in the ABO gene (rs200932155 and rs8176721),
one in the CCR9 gene (rs17764980), two in the FYCOT1 gene (rs3796376 and rs13069079), one
in the LZTFL1 gene (rs1129183), and two in the SLC6A20 gene (rs61731475 and rs139429025).

Regarding the classification based on impact forecast by SnpEff, the polymorphism in the

ABO gene (rs55727303) presented a high impact with a significant difference in all of the
correlations. We identified 15 polymorphisms with moderate impact prediction in 4 genes,
distributed in 4 polymorphisms in the ABO gene (rs8176748, rs8176740, rs8176720, and
rs1053878), 1 in the CXCR6 gene (rs2234355), 8 in the FYCO1 gene (rs3796375, rs35678722,
rs113517878, rs4683158, rs13079478, rs13059238, rs33910087, and rs3733097), and 2 in the
SLC6A20 gene (rs140440513 and rs17279437).

Additionally, 38 variants had allele frequency in all populations—a necessary require-
ment for comparative analysis between the populations studied using Fisher’s exact test
(Table 2). The remaining variants were excluded because they had no frequency description
inthe 1000 Genomes Project.

Among the variants analyzed, 18 showed significant differences of the NAM population
when compared to all other continental populations (AFR, AMR, EAS, EUR, and SAS): 7 be-
longing to the ABO gene (rs55727303, rs8176748 rs8176740, rs8176720, rs2073824, rs559723, and
rs616154), 7 from the FYCOI gene (rs3733100, rs3796375, rs35678722, rs113517878, rs1532071,
rs3733097, and rs751552), 2 from the SLC6A20 gene (rs2252547 and rs140440513), 1 from
the LZTFL1 gene (rs141398338), and 1 from the CCR9 gene (rs147314165). The remaining
20 variants that were not significant in any comparisons are described in Table 3.

Figure 1 represents the genomic differences between the studied populations in mul-
tidimensional scaling (MDS), based on the fixation index (FST) of polymorphisms. We can
observe the presence of a genetically similar core set composed of the AMR, EUR, and SAS
components, while the other groups (NAM, EAS, and AFR) are at extreme points of the graph.

Continental populations

02- oEAS
0.1-
°
/:\MR SAS
T EUR
£ 00-
= .
NAM
.
-0.1-
oo AFR
v[ll 4 ~DI 2 0 ID 0 le‘ 0 I~‘-
Dim.1

Figure 1. Differences in allele frequencies of the variants studied in the continental populations and the
Native American population, plotted in MDS.
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Table 3. Comparison of the allele frequencies between the NAM population and the continental
populations (AFR, AMR, EUR, EAS, and SAS).

Gene SNPID NAMvs. AFR* NAMvs. AMR* NAMvs. EAS* NAMuvs. EUR* NAMvs. SAS*
ABO 1555727303 T.66 X T0 2 T.O8 X 10> TA0 X 107 6.75 X T0 882 X 10 it
ABO rs8176748 1.58 x 10~19 1.00 x 1078 7.06 x 10716 1.52 x 10~20 1.29 x 10~20
ABO rs8176740 1.58 x 10~ 1.00 X 10~3 7.06 X 10~1° 1.52 x 10~ 1.29 x 10~
ABO rs8176720 3.78 x 10~/ 2.10 X 10~° 4.54 x 10~ 3.81 x 10~ 9.84 x 1073
ABO rs1053878 6.04 X 1077 0.149 0.001 0.020 1.000
ABO rs2073824 6.48 X 10~° 5.73 X 10™% 4.73 x 1073 2.04 x 10~ 5.21 x 10™°
ABO rs559723 7.94 X 1073 6.70 X 10~ 5.66 X 10™* 9.77 X 10™3 1.11 x 10~
ABO rs616154 7.78 x 1017 5.92 x 10~11 5.50 x 10~11 6.58 x 10~17 3.03 x 10722
ABO rs2073825 1.000 3.0 x1073 0.382 0.874 0.874
CCR9 rs147314165 4.40 x 107* 422 x 107* 8.63 x 10™° 8.70 X 10~° 9.84 x 10~°
CCR9 rs7648467 245 x1074 0.330 0.113 0.570 0.461

CXCR6 rs2234355 5.37 X 10~ 0.398 0.035 0.100 0.037

FYCO1 rs3733100 4.13 x 1028 3.67 X 105 1.45 x 10~* 5.81 x 1078 5.27 x 1073
FYCO1 rs3796375 2.35 x 10~%7 4.62 x 1075 6.62 x 1073 1.20 x 10~° 3.18 x 10712
FYCO1 rs35678722 3.39 x 1073 422 x 10™* 8.63 x 10~° 8.70 x 10~° 9.84 x 10~°
FYCO1 rs113517878 8.44 X 10~° 4.22 x 1074 8.63 X 10~ 8.70 X 10~° 9.84 x 10™°
FYCO1 rs4683158 0.614 0.008 1.000 2.49 x 1076 0.015

FYCO1 rs13079478 440% 10~¢ 0.578 2.76 x 10~% 0.410 1.51 % 10~°
FYCO1 rs13059238 0.012 0.591 2.76 x 10~* 0.410 1.51 % 10~°
FYCO1 rs33910087 0.009 0.578 0.001 0.410 1.51 % 10~°
FYCO1 rs1532071 6.14 x 10~ 136 X 10~° 1.32% 10~ 8.95x 10~W 1.82 x 1073
FYCO1 rs3733097 2.08 x 10™% 2.84x 10~° 6.14% 1074 2.84x 1071 7.34 % 10714
FYCO1 rs751552 141 x 1074 1.51 x 10~* 1.54 x 1072 7.09 x 10~° 2.68x10~11
FYCO1 rs1873002 1.000 1.000 1.000 1.000 1.000

FYCO1 rs9875616 0.168 1.000 6.0x1073 0.045 0.685

FYCO1 rs6800954 0.012 0.383 5.0 x 1073 0.192 1.000

FYCO1 rs41289622 440% 10~* 0.578 2.76 x 10~% 0.410 1.51 % 10~°
FYCO1 rs36122610 0.011 1.000 0.012 0.093 2.44 x 1078
FYCO1 rs76597151 1.000 0.230 0.302 5.0 x 1073 5.07 x 10~
FYCO1 rs17214952 1.000 0.230 0.302 5.0 x 1073 1.28 x 10~
LZTFL1 rs141398338 4.40% 10~% 422 x 1074 8.63x 107> 8.70x 1075 9.84 x 1075
LZTFL1 rs138230559 0.712 0.288 0.213 0.213 0.218

SLC6A20 rs140440513 259 % 107> 422 %x 1074 8.63x 107> 8.70 x 107> 9.84 x 10~5

SLC6A20 rs17279437 0.371 0.485 0.381 0.05 1.000

SLC6A20 rs2252547 1.08 x 10714 6.54 x 10712 3.18 % 10~° 212 x 10711 195 x 1078

SLC6A20 rs2251347 1.000 0.366 0.016 0.095 0.380

SLC6A20 rs116638840 0.306 0.236 0.035 0.035 0.068

SLC6A20 rs2191027 1.000 7.90 X 10~° 1.000 3.58 X 1078 1.0 x 1073

NAM: Amazonian Native American populations; AFR: African populations; AMR: American populations; EAS:
East Asian populations; EUR: European populations; SAS: South Asian populations; * p-value defined by Fisher’s
exact test. Bold characters indicate a significant difference (p-value < 0.05).

4, Discussion

COVID-19 presents a new threat to the health of Native Amerindians living remotely.In
the Amazon region, it is estimated that there are around 78 Amerindian tribes living in
isolation [44]. The Amerindian people belong to a vulnerable population, who lack
immunity to many infectious diseases [8]. In Brazilian territory, there were 59,574 cases
and 871 deaths recorded in Amerindians as of 6 February 2022 [16].

The occurrence of numerous stochastic events—such as geographic isolation, inbreed-
ing, and genetic drift—may contribute to genetic differentiation in Amazonian Native
American populations [45-49]. These variables influence the formation of indigenous peoples,
their ethnic structure and, consequently, their genomic patterns, with different allele
frequencies from other continental populations [50,51].

The genomic differences and distinct sociodemographic and anthropological charac-
teristics of Amerindian populations are related to epidemiological differences in respiratory
and viral diseases—such as tuberculosis (TB), human immunodeficiency virus (HIV), hu- man T-
lymphotropic virus (HTLV), and human herpesvirus type 8 (HHV-8)—observed in
comparisons between Amerindian and non-Amerindian populations. Studies suggest
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that genomic alterations in the immune response patterns and the parasite-host molecular
interaction may be the causes of the observed differences [7,17,52].

GWA studies are widely used in the identification of genetic variants associated with
complex and multifactorial diseases, such as cardiovascular, psychiatric, infectious, and
numerous other diseases [53-55]. The first GWA study investigated the multigenic groupof
chromosome 3 in patients infected with COVID-19 [19]. The 3p21.31 locus has the XCR1,
CCR9,CXCR6,SLC6A20,LZTFL1,and FYCO1 genes, in which rs11385942 (LZTFL1) and
rs657152 (ABO) were significantly associated with severe forms of the disease [19].

In Shelton’s 2021 study, the variants related to disease severity and susceptibility were
rs13078854 of the LZTFL1 gene and rs9411378 of the ABO gene [20]. These findings reinforce
the importance of the 3p21.31 locus and the 9q34.21 locus—particularly with regard to the
ABO and LZTFL1 genes; therefore, we focus our discussion on these two genes.

The association between the ABO blood group and COVID-19 infection and severity was
studied. Blood type A might be more susceptible to COVID-19 infection, while blood type O
might be less susceptible to this disease. [19]. In other epidemiological and genomic studies,
susceptibility was also lower in O blood group patients [20,56,57]. The O allele is the most
frequent blood type found in the Native American population [51,58]. In addition, the ABO
blood group has previously been linked to susceptibility to other diseases, such as influenza,
malaria, schistosomiasis, and SARS-CoV-2 [59].

Some proposed mechanisms for the association between ABO blood type and SARS-
CoV-2 infection were investigated, as follows: (1) anti-A and/or anti-B antibodies play a
role as viral neutralizing antibodies when binding to A and/or B antigens expressed on
the viral envelope; (2) the SARS-CoV-2 S protein is bound by human anti-A antibodies,
and prevents entry into the lung epithelium when blocking the interaction between the
virus and ACE2R; (3) an increase in ACE-1 activity in group A individuals can cause
predisposition to cardiovascular disease and lead to severe COVID-19; (4) ABH glycans in the
SARS-CoV-2 S protein may modify cellular receptors of SARS-CoV-2 for ACE2R;

(5) ABH glycans on target cells could serve as alternative, lower affinity receptors for the
SARS-CoV-2 S protein, or could bind other viral envelope structures [42,60,61].

In our study, significant differences were found in the majority of polymorphisms in
the ABO gene between the Amerindian populations and continental populations. We
hypothesize that the differences in genomic profiles and the novel variants identified in
the Native American population may influence the development of severe forms of
COVID-19. However, further studies will be needed in COVID-19-positive individuals in
this population in order to better understand the potential influence of these variants on
this infection.

The LZTFL1 gene encodes the leucine zipper transcription factor-like 1, and its function
is related to tumor-suppressor action and negative regulation of the hedgehog signaling
pathways. In knockout zebrafish (Danio rerio) experimental models, impaired cell traffic in
ciliary membranes, retinal degeneration, and obesity were observed [28]. In addition, this
gene has high expression in lung tissues; however, the mechanisms directly related to SARS-
CoV-2 infection remain unknown [25].

In our study, we found four variants related to the LZTFL1 gene, and only rs141398338
showed a significant difference in the NAM population when compared to the continental
populations. There have been no reports in the literature on the association between
rs141398338 and severe forms of COVID-19. New variants identified in the Native American
population may influence the development of severe forms of COVID-19, and further human
genetic studies need to be carried out in order to clarify this issue.

In addition, we identified three new variants in the Amazonian NAM population; these
SNPs were located in the FYCO1, ABO, and LZTFL1 genes. The first has low clinical impact,
while the following two have modifier impact. These mutations—especially the oneswith
modifier impact—could have important potential as markers of severe forms of COVID-19 in
Amazonian indigenous populations, as well as intronic regional mutations
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that significantly influence gene expression levels [62]. Larger studies should be performed
to confirm these new variants in patients diagnosed with COVID-19.

Genetic variants associated with severe COVID-19 indicated by the studies of Elling- haus
and Shelton et al. [19,20] were not found in the Amazonian Native American popula- tion. The
allelic frequencies of the SNPs in the NAM group were lower than for any of the other groups
in our study, showing that the Amazonian Native Americans have low genetic variability anda
different genetic pool. Genetic variants present in the NAM population and low genetic
variability could indicate a protective factor against severe COVID-19.

The limitation of our study was the small number of NAM individuals, who come from
isolated and relatively small populations in the Amazonian region. This study is a preliminary
severe COVID-19 study, and did not investigate individuals with COVID-19 in- fection. We
collected blood samples from individuals before the COVID-19 pandemic. Our results may
reveal important information and contribute to the assessment of individual risk for the
development of this disease.

5. Conclusions

Genetic variants associated with severe COVID-19 were not found in the Amazonian
Native American population. The allele frequency for the candidate genes in the NAM group
was significantly different from the frequencies observed in continental groups. This may
provide a protective factor against severe COVID-19. We also identified two new genetic
variants with modifier impact in the Amazonian population that could be studied in order to
validate the possible associations with COVID-19 outcomes. This work contributes to the
elucidation of the genomic profile of Amazonian Native Americans—an understudied
population—by providing genomic data that may help forthcoming studies to improve COVID-
19 outcomes. Future studies should be performed in this population to identify more genetic
variants related to severe COVID-19.
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individuals sampled in the present study.
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3. ARTIGO 2: Perfil Molecular de Variantes Potencialmente Associadas a Formas Graves de
COVID-19 em Populacdes Indigenas da Amazdnia
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Molecular Profile of Variants Potentially Associated with Severe Forms of COVID-19 in Amazonian Indigenous Populations
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27

28 Coronavirus disease 2019 (COVID-19) is an infection caused by SARS-CoV-2. GWAS studies suggest a strong association
29 of genetic factors with the severity of the disease. However, many of these works are developed in European populations,

30 and little is known about the genetic variability of indigenous peoples underlying infection by SARS-CoV-2. The objective

31 of the study is to investigate genetic variants present in the AQP3, ARHGAP27, ELF5SL IFNAR2, LIMDI, OAS and

32 UPK 1 A genes selected to the association with the severity of COVID-19 in a sample of indigenous people from the

33 Brazilian Amazon. We performed the complete sequencing of the exome of 64 healthy indigenous people from the Brazilian

34 Amazon. The allele frequency data of the population were compared with data from other continental populations. 66

35 variants present in the 7 genes studied due were identified, including a variant with high impact on the ARHGAP27 gene
36 (rs201721078) and 3 new variants located in the INDG population present in the AQP3, IFNARZ2 and LIMD! genes, with

37 low, moderate and modifying impact, respectively.
38 1. Introduction

39 In December 2019, in Wuhan, China, the first cases of severe acute respiratory infection (SARS-CoV-2) by
40 coronavirus (COVID-2) were diagnosed [1-2]. In a short time, the cases of infection reached large proportions, spreading

41 to several regions and reaching several countries [3-4]. According to data from the World Health Organization (WHO), on
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42 June 7, 2023, 767,750,853 cases of SARS-CoV-2 infection and 6,941,095 COVID-19 deaths were confirmed worldwide

43 [5]. Showing that, even with the improvement of the reality of the pandemic period, due to the administration of vaccine

44 doses, this disease still represents a global public health problem [6].

45 SARS-CoV-2 infection can happen to anyone. However, there is a great clinical diversity among patients with

46 COVID-19. The disease can manifest itself in different ways, varying from asymptomatic, mild and severe forms, and can

a7 lead to death [3-4]. Clinical studies relate the heterogeneity of the disease with the genetic influence on the individual

48 response to infection. The association of genetic factors with the severity and clinical evolution of COVID-19 is still little

49 investigated. However, genome-wide association studies (GWAS) have been developed to better understand the relationship

50 of genes associated with the severity of this disease [7-8-9], enabling the development of more specialized therapies for the

51 risk group [7].

52 The association of genetic factors with the severity of COVID-19 has been addressed in different studies [7-8-9].

53 Another study developed by our research group [10] also investigated the interaction of genes (SLC6A20, LZTFLI, CCRY,

54 FYCOI, CXCR6, XR 1 and ABO) with the most severe forms of the disease and demonstrate a strong relationship of locus

55 3p21.31 with the severity of SARS-CoV-2 infection [7-8].

56 Seven new genes (AQP3, ARHGAP27, ELF5, IFNAR2, LIMDI, OAS/I and UPK1A) were related to the severity of

57 COVID-19 in populations of European origin. The difference in disease severity between genders and the association of

58 androgenic hormones with the severity of SARS-CoV-2 infection were also addressed in the study [9].

59 Therefore, the objective of our study is to investigate genetic variants in the genes AQP3, ARHGAP27, ELFS5,

60 IFNAR2, LIMD1, OAS1 and UPK1A that were selected due to the association of these genes with the severity of COVID-

61 19, in a sample of Amazonian indigenous peoples.

62 2. Results

63 In our study, we identified 66 variants distributed in genes: of them present in the 7 A QP3 gene, 14 in the ARHGAPZ27,

64 6 in ELF5, 14 in the IFNARZ gene, 11 in the LIMD] gene, 9 in OAS/ and in the 5 UPKIA gene (Supplementary Table

65 S1). 18 variants were excluded due to the low coverage. After going through these quality criteria and impact prediction,

66 we identified three unique variants of the indigenous population (Table 2) and 45 more variants were included in the study

67 (Table 1) and compared with the other world populations present on the 1000 Genomes platform (AFR, AMR, EAS, EUR

68  and SAS).

69 Table 1 — Description of the variants according to the high, moderate and modifier impact present in the AQP3, ARHGAP27, ELF5, IFNAR2, LIMDI, OAS!

70 and UPK A genes.

Variant Allele Frequence
Gene Position SNP ID Ref Var' ot
INDG AFR AMR EAS EUR SAS

ARHGAP27 45404053 15201721078 G A HIGH 0,218 0.0009  0.0421 - 0.0001
ARHGAP27 45429642 152959953 G ¢ MODERATE 0,375 0.6953 0.6537 0.520 0.717 0.673
ARHGAP27 45429931 1512949256 ¢ T MODERATE 0 - - - 0.5 0.166
ARHGAP27 45395459 13117139057 G ¢ MODERATE 0,125 0.089 0.2028 0.2768 0.1791 0.1189
ARHGAP27 45430283 157222444 A G MODIFIER 0,009 0.102 0.158 0.0005 0.243 0.071
ARHGAP27 45395941 1562064597 ¢ G MODIFIER 0,083 0.0424 0.132 0.0008 0.2141 0.073
ARHGAP27 45429583 13115993362 ¢ G MODIFIER 0,083 0.147  00.0062 - .0002 0.0006
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rs1131454

1s7968145

rs1131476

GT

MODIFIER

MODIFIER

MODIFIER

MODIFIER

MODIFIER

MODIFIER

MODIFIER

MODIFIER

MODERATE

MODERATE

MODIFIER

MODIFIER

MODIFIER

MODIFIER

MODIFIER

MODIFIER

MODIFIER

MODIFIER

MODIFIER

MODIFIER

MODIFIER

MODIFIER

MODIFIER

MODERATE

MODIFIER

MODIFIER

MODERATE

MODERATE

MODIFIER

MODIFIER

0,015

0,016

0,083

0,045

0,013

0,937

0,789

0,343

0,795

0,285

0,333

0,187

0,181

0,714

0,046

0,043

0,05

0,083

0,040

0,937

0,083

0,5

0,645
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0.1308

0.0162

0.0004

0.012

0.775

0.0221

0.193

0.079

0.376

0.594

0.807

0.076

0.366

0.116

0.059

0.286

0.584

0.934

0.228

0.989

0.934

0.1778

0.048

0.109

0.7272

0.255

0.487

0.166

0.453

0.848

0.512

0.118

0.467

0.003

0.186

0.155

0.327

0.721

0.840

0.703

0.955

0.8318

0.010

0.063

0.721

0.175

0.583

0.178

0.583

0.918

0.416

0.139

0.594

0.021

0.027

0.026

0.051

0.938

0.791

0.614

0.784

0.2233

0.0002

0.069

0.639

0.095

0.336

0.084

0.365

0.687

0.663

0.0864

0.33

0.0002

0.429

0.316

0.467

0.562

0.679

0.575

0.924

0.659

0.0682

0.0004

0.085

0.586

0.095

0.476

0.130

0.476

0.767

0.524

0.120

0.484

0.0001

0.301

0.265

0.339

0.675

0.707

0.572

0.955

0.698



0ASl 112919388 1510774671 G A MODIFIER 0,833 0.424 0.799 0.783 0.654 0.701
0ASI1 112931954 157967461 G ¢ MODIFIER 1 0.917 0.739 0.76 0.575 0.692
0ASI 112931910 1511352835 TA T MODIFIER 1 0.916 0.738 0.769 0.59 0.691
0AS1 - 151051042 G ¢ MODIFIER 1 0.934 0.831 0.784 0.657 0.693
UPKI1A 35668466 152267586 T G MODERATE 0,179 0.0715  0.1157 0.2241 0.1007 0.1026
UPKIA 35676195 15747589460  CTTT C MODIFIER 0,033 0.0227 0.037 0.0417 0.0587 0.0811
UPKIA 35673206 1575289222 G T MODIFIER 0,035 0.0653 0.115 0.1029 0.1016 0.0845
UPKI1A 35678012 152285421 T c MODIFIER 0,3 0.8012  0.5853 0.6216 0.5365 0.7368
71 ‘Reference Allele; *Variant Allele; *Variants without described SNP; (-) — No annotation; INDG: Indigenous populations; AFR: African populations; AMR:
72 American populations; EAS: East Asian population; EUR: European population; SAS: South Asian population.
73 The 45 variants described in Table 1 were characterized by information such as chromosomal position, SNP ID,
74 nucleotide alteration and classification by SNPeff, excluding low-impact ones (except the new variants). A high-impact
75 variant was identified in the ARHGAP27 gene (rs201721078) at position 45404053 with a frequency of 21.8% in the INDG
76 population, being rare in the rest of the world.
77 Thirty-six impact modifier variants were also identified in the 7 genes studied: three in AQP3 (52231235, rs2231231
78 and 1s12555686), eight ARHGAP27 (157222444, rs62064597, rs115993362, rs35327136, rs7213200, rs142163608,
79 rs184103721 and rs35389313), fivein ELF5 (rs2231825, rs2231821, rs556840829, rs28395819 and rs737254),
80 eight IFNARZ (rs1131668, rs9984273, rs2252639, rs2834158,rs17860118, rs3216172 rs397789038, rs12482556,
81 1556197608 and a new variant), three in LIMD1 (rs2742409, rs2578679 and a new variant), six in OAS1 (rs7968145,
82 151131476, 1510774671, 1s7967461, rs11352835 and rs1051042) e three in UPK 1 A (rs747589460, rs75289222 and 1s2285421).
83 Of the variants found in this study, rs12555686 and rs2231235 (AQP3) and 1556197608 (IFNAR2) did not have an
84 allelic frequency described in the INDG population. However, further studies are needed to confirm such results. In the
85 IFNAR2 gene, rs397789038 and rs12482556 showed 18.1% and 71.4% allele frequency in the INDG population,
86 respectively. In the OAS1 gene, (rs11352835) 100% frequency was found and in UPK 1A (rs747589460) 33%. All these
87 variants had a modifying impact.
88 We also identified 3 new variants in Amazonian indigenous people (Table 2). The first in the AQP3 gene at position
89 33442882 with low impact and allele frequency of 8.3%.The second variant was identified in the IFNAR2 gene at position
90 33262799 with amoderate impact and a frequency of 8.3%, and the third was found in the LIMD1 gene at position 45676789
91  with a modifying impact and frequency of 6.6%.
92 Table 2 — Description of new variants.
Gene Position SNP ID Ref" Var’ Allele Impact Predictedby SNPeff
Frequence

AQP3 33442882 * G A 8,3% LOW

IFNAR2 33262799 * ¢ A 8,3% MODERATE

LIMDI 45676789 * G T 6,6% MODIFIER
93 ‘Reference Allele; "Variant Allele; *Variants without described SNP.
94 In addition, 10 variants of moderate impact were also found in 5 of the 7 genes studied: 3 in the ARHGAP27 gene
95 (rs2959953, rs12949256 and rs117139057), 3 in the IFNARZ2 gene (rs1051393, 1s2229207 and the presence of a new
96  variant), 1 LIMDI (rs267237),2 in OAS1 (rs1131454 and rs2660) ¢ 1 in UPK 1A (1s2267586).
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97
98

Among the variants identified, 17 showed significant differences when compared to other world populations (AFR,

AMR, SAS, EAS and EUR), even in East Asians who have greater genetic similarity with indigenous people.: 2 variants

99  were identified in the ARHGAP27 gene (15201721078 and 1s2959953), 3 present in AQP3 (152228332, 15591810 and

100 1s2231231), 1 in the UPKIA gene (rs2285421), 4 in OAS! (1s2660, rs7967461, rs11352835 and rs1051042) and 7 found in
101 the IFNARZ2 gene (rs1051393, 152229207, 151131668, 1s9984273, 152834158, 15149186597 179402470 and 1s3216172
102 rs397789038) (Table 3). The frequencies of the other variants did not show significant differences between the INDG
103 population and the other continental populations (Supplementary Table S2).
104 Table 3 - Comparison of the allele frequency of Indigenous and the world population (AFR, AMR, EUR, EAS, and SAS).
Gene SNP ID INDG vs. AFR * INDG vs. AMR * INDG vs. EAS * INDG vs. EUR * INDG vs. SAS *
ARHGAP27 rs201721078 5.129x 10" 1.542x 10° NA 1.381 X 10" NA
AQP3 152228332 0.00018 3.693 x 10° 5.348x 10° 4293 x 10” 9.082x 10"
AQP3 rs591810 3.963x 10° 0.00075 1.031x 10° 3.214x 107 1.087 x 10*
AQP3 1s2231231 0.00117 0.00010 5.442x 107 1.620 x 107 2264 x 107
UPKIA 12285421 3.016x 10 3.180x 107 1.341x10° 0.00030 1.562x 10"
OASI1 152660 0.02583 7.618 x 10° 1.374 x 10° 1.525x 10" 2.482x 107
OASI1 157967461 0.01055 3.650x 10" 1.260 x 107 1.118x 10™ 6.043x 10"
OASI rs11352835 0.01087 3.432x 10" 2.366 x 107 3.623x 10" 6.043 x 10"
0OASI1 rs1051042 0.02583 4.458x 10° 7.665 x 107 3.220x 10" 5.950x 10"
ARHGAP27 1s2959953 6.052 x 107 4.116x 10° 0.03356 1.238 x 107 6.31360 x 10°
IFNAR2 rs1051393 1.824 x 10™ 1.053 x 10° 0.00258 1.215x 10" 3.942x 10°
IFNAR2 1$2229207 2456 x 10* 0.00186 0.003 1.035x 107 6.205x 10°
IFNAR2 rs1131668 1.229x 10" 2.771 x 107 0.00098 7.147x 10" 9.955x 107
IFNAR2 rs9984273 3.001 x 10" 0.00013 0.00938 3.134x 10" 2.268 x 107
IFNAR2 152834158 5.32x 10" 0.00664 0.22382 3.818x 107 0.00342
IFNAR2 rs149186597 8.004 x 10 0.00602 1.575x 10° 0.04188 0.04602
1$79402470
IFNAR2 1s3216172 0.00380 2.699 x 107 4368 x 10" 0.02185 3.997 x 10°
rs397789038
105 INDG: Indigenous populations; AFR: African populations; AMR: American populations; EAS: East Asian population; EUR: European
106 population; SAS: South Asian population; *p-value defined by Fisher’s exact test. Bold characters indicate a significant difference (p-value*
107  <o0s).
108 The genetic differences between the populations (Figure 1) of the study were analyzed using the multidimensional
109 scale graph (MDS), based on the Fisher fixation test of the genetic variants. Multidimensional scale analysis (MDS)
110 identified greater similarity between the INDG and AMR populations, mainly due to the influence of indigenous peoples
111 on the AMR populations. A difference was also identified between EUR, AFR, SAS and the EAS population that showed
112 a greater difference when compared to the other populations.
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Figure 1 - Differences in the allelic frequencies of the variants studied in continental populations and the Indigenous population, ploted in MDS.
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3. Discussion

The occurrence of new infectious diseases poses a threat to indigenous populations. Since the colonial period, these
peoples have suffered from devastating epidemics, such as measles, flu and tuberculosis [10-11]. One of the contributing
factors to the occurrence of these diseases may have been influenced by the unique genetic profile of the indigenous
population, as well as by genetic mutations not yet known (or rare) [11]. Geographical isolation and the existence of
consanguineous marriages are some of the factors that can favor the differentiation of the allele frequency of these
populations when compared to other world populations [12-13].

GWAS studies have been developed to identify genes and genetic variants associated with the severity of COVID-19.
According to an investigation carried out in Spanish populations, the locus 3p21.31 (SLC6A20, LZTFLI, CCRY, FYCOI,
CXCR6and XR 1) and the locus 9q34.21 (ABO), showed a strong association with the most severe forms of the disease [7].
These results corroborate those observed in another study carried out in Amazonian Amerindian populations [10] in which
the same genes were investigated. However, the identified genetic variants showed no association with more critical
COVID-19 conditions in the indigenous population [10].Our study identified the presence of three new variants that may
be potentially related to the severity of COVID-19 indigenous peoples of the Brazilian Amazon. The first genetic variant
was identified in the AQP3 gene, a gene expressed in a variety of cell types [14-15-16]. Currently, in a GWAS study, 49
variants were associated with the most severe forms of COVID-19, showing that the A (JP3 gene had an intense relationship
with the most critical picture of infection, a fact that corroborates other studies [17-9].

The same genes we investigated were also analyzed in a research developed in 34 Spanish hospitals with 11,939
positive cases of COVID-19, suggesting the association of these with the most severe forms of SARS-CoV-2 infection. A
difference in the severity of the disease between genders was identified in this study [9]. Due to the greater propensity to
develop a more critical picture of SARS-CoV-2 infection in males, the study investigated the relationship of androgenic
hormones with the severity of COVID-19 [9]. According to these investigations, these hormones were pointed out as one
of the factors responsible for the highest mortality rates of this disease in men [15]. Such data suggest that the genes: AQP3,
ARHGAP27, ELF5, IFNAR2, LIMDI, OASI and UPK A, related to sexual differences in Spaniards for the development
of more severe forms of COVID-19, may also be involved with the androgenic hormone pathways.

We also identified a new variant in the /JFINAR2 gene that is closely related to the severity of COVID-19 [18]. A study
developed in the United Kingdom reported an association of this gene with the severity of the disease [19]. In addition, a
last new variant has also been identified in the LIMD/ gene that is involved in several cellular processes [20]. Your cellular
location may play a key role in the progression of this type of cancer [21-22].

Finally, we identified a high-impact variant present in the ARHGAPZ27 gene (rs201721078) never before associated

with COVID-19. The identification of the three new variants and the high-impact one present in the Amerindians in
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rs201721078, suggest a relationship with the most serious cases of COVID-19.

This study investigated genes potentially related to the severity of COVID-19 in an Amazonian indigenous. The results
found in this study suggest the urgency of more effective research that proves the impact of these new and high-impact
variants in patients with SARS-CoV-2 infection in the indigenous populations of the Amazon, aiming to elucidate the
biological role of these variants in the severity of COVID -19 in indigenous peoples and contributing to the development of

personalized medicine that respects the particularities of the studied population.

4. Materials and methods
4.1. Consent and ethics

This study was approved by the National Research Ethics Committee (CONEP) and the Research Ethics Committee
of the Center for Tropical Medicine with the opinion 20654313.6.0000.5172 and CAAE 33934420.0.0000.5634. The
representatives of the groups participating in the study were informed about the stages of the study signed on the Free and

Informed Consent Form (TCLE). Their materials were collected according to the Declaration of Helsinki.

4.2. Study population

The study was carried out by a blood collection of 64 healthy indigenous people from the Brazilian Amazon region,
belonging to the original groups: Asurini do Tocantins, Asurini do Xingu, Araweté, Arara, Juruna, Awa-Guaja, Kayapo/
Xikrin, Munduruku, Karipuna, Phurere, Wajapi and Zo’¢. Blood collection was performed before the pandemic period.

Information from markers indicative of ancestry (AIMs) was obtained to confirm the ancestry and the mixture between
continental populations (European, African and Asian) in three multiplex PCR reactions [23-24-25]. Electrophoresis was
used to analyze the amplicons in the sequencer ABI Prism 3130 and GeneMapper ID v.3.2. In addition, the proportions of
the individuals were analyzed in the STRUCTURE v.2.33 software. The allele frequency data of the INDG population were
obtained by the allele count and compared with data from 5 other continental populations (AFR, AMR, EAS, EUR and
SAS) found in the Project 1000 Genomes database (http://www.1000genomes.org).

4.3. DNA extraction and preparation of the exome library

The sague collection of each participant in this study was carried out in 5 ml tubes. Subsequently, this material was
extracted with the Roche Applied Science DNA extraction kit (Roche, Penzberg, Germany), according to the manufacturer's
instructions. The samples were quantified in NanoDrop1000 to verify the integrity of the genetic material. The exoma library
was prepared with the help of the Nextera Rapid Capture Exome kit (Illumina, San Diego, CA, USA) and the SureSelect
Human All Exon V6 kit (Agilent, Santa Clara, CA, USA). The sequencing step was developed on the NextSeq 500
(Illumina, San Diego, CA, EUA) using the NextSeq 500 v2 300 high production cycle kit (Illumina, San Diego, CA,
EUA).

4.4. Bioinformatics analysis

First, the low-quality sequences were eliminated. Subsequently, the sequences that showed good quality were mapped
and aligned according to a reference genome (GRCh38) using the BWA v.0.7 software. The variants were identified in
GATK v. 3.2 and noted in the Viewer of Variants software (ViVa, Federal University of Rio Grande do Norte, Natal,
Brazil). Other databases were also used: npEffv.4.3. T, Ensembl Variant Effect Predictor (Ensembl version 99) and ClinVar
(v.2018-10). The SIFT (v.6.2.1), PolyPhen-2 (v.2.2), LRT (November 2009), Mutation Assessor (v.3.0), Mutation Taster
(v.2.0), FATHMM (v.2.3), PROVEAN (v.1.1.3), MetaSVM (v.1.0), M-CAP (v.1.4) and FATHMM-MKL. Bioinformatics

analyses were performed as described in Ribeiro-Dos-Santos et al. [26] and Rodrigues et al. [25].

4.5. Statistical analyses
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190 In the statistical analysis, two tests were used: the first was Fisher's exact test, to differentiate the frequencies between
191 the populations of the world. The results obtained were considered statistically significant when p <0.05. Subsequently, the
192 Wright fixation index (FST) was used to verify the interpopulation variability of genetic variants. The statistical analyses of
193 this study were developed in the software Arlequin v.3.518 and R Studio to develop the graphic data.

194194

195  4.6. Selection of variants

196 Three basic criteria were used for the selection of variants: initially, those were selected that had at a) at least 10
197 coverage readings (fastx_tools v.0.13-http://hannonlab.cshl.edu/fastx_toolkit/; accessed on January 20, 2022); b) an allelic
198 frequency described in the continental populations of the 1000 Genomes Project Consortium [27]; ¢) variants must have the
199 modifying impact, moderate or high, as classified by SNPeff [28]. Seven genes were used in this study (AQP3, ARHGAP27,
200 ELF5, IFNAR2, LIMD1, OAS1 and UPK1A), selected based on the study by Cruz et al., [9].
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4. CONCLUSOES INTEGRADORAS

O desenvolvimento de estudos gen6micos torna possivel a deteccdo de
variantes associadas com a gravidade da COVID-19, modificando o cenario
precario de pesquisas capazes de analisar o perfil molecular de pacientes mais
complexos, com particularidades pouco conhecidas, o que pode promover um reflexo

positivo sobre o diagnoéstico e tratamento dessa doenca dentro dessas populacdes.

No entanto, ainda hd um grande déficit de estudos gendmicos dentro dessas
populacdes em geral. Estudos que busquem aumentar as descobertas genéticas e
relevancias clinicas refletindo positivamente na saude publica da populacéo
indigena. Frente aisso, em Pastana et al. (2022), nosso grupo de pesquisa analisou
variantes genéticas possivelmente associadas com as formas mais graves da
COVID-19. Porém, ndo foram encontradas variantes relacionadas com aseveridade
dessa doenca em populacdes indigenas da Amazonia brasileira. Nossos resultados
identificaram 15 SNPs com impacto moderado presente nos genes ABO,CXCR6,
FYCO1 e SC6A20. Adicionalmente, também identificamos 18 SNPs com diferenca
na frequéncia alélica e trés novas variantes identificadas nos genes ABO,FYCO1 e
LZTFL1.

Em nosso estudo, foram encontradas 17 variantes com diferenca
significativa na populagéo indigena quando comparada com as demais populacdes
estudadas. Destas, uma de alto impacto foi encontrada no gene ARHGAP27
(rs201721078). Trés novas variantes também foram identificadas presentes nas
posiches: 33442882 (AQP3), 33262799 (IFNAR2) e 45676789 (LIMD1). Através
desses dados, também pode ser sugerido na analise em escala multidimensional
(MDS) que as populacdes indigenas apresentam similaridade entre as populacfes
indigenas e as de origem Latina, provavelmente em virtude da influéncia dos povos
indigenas nas populagdes latinas. Também identificamos diferengas entre essas
populacées com as de origem Europeia, Africana, Sul Asiatico e Leste Asiatico.

Os resultados encontrados nesse estudo reforcam a ideia do perfil genético
unico da populacéo indigena e ressaltam a importancia de maiores investigacdes
que consigam elucidar o comportamento da COVID-19 nesses grupos
populacionais. Estudos com maior numero populacional que compreendam o real
impacto das variantes aqui identificadas sao fundamentais para confiabilizar nossos

resultados.
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Assim, tais dados podem contribuir para o cenario clinico dessa doengca em
populacées indigenas. No que concerne isso, este presente estudo contribui para
a elucidacdo da importancia da gendmica na compreensdo da associacao de
variantes genéticas com as formas mais severas da COVID-19 em populacdes

indigenas da Amazonia brasileira.
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Supplementary Table S1- Description of the 66 variants present in the genes AQP3, ARHGAP27, ELF5, IFNAR2, LIMDI1, OASI1 and UPKI1A.

Gene Position SNP ID Reft Var® Impact Predicted by Variant Allele Frequence
SNPeff
INDG AFR AMR EAS EUR SAS

AQP3 33442954 rs2228332 G A LOW 0,945313 0.7462 0.7106 0.7177 0.5901 0.5756

AQP3 33447426 1s591810 C G LOW 0,96875 0.7678 0.8105 0.7486 0.703 0.6534

AQP3 33442274 rs2231235 G A MODIFIER 0 0.0126 0.1099 0.0633 0.0698 0.0859

AQP3 33442882 * G A LOW 0,083333 - - - - -

AQP3 33443875 rs114247802 G A LOW 0,083333 0.0048 0.0007 - - -

AQP3 33442988 rs2231231 A C MODIFIER 0,9375 0.775 0.7272 0.7217 0.6398 0.5867

AQP3 33447549 1s12555686 G T MODIFIER 0 0.0221 0.255 0.1752 0.0951 0.0953
ARHGAP27 45430283 rs7222444 A G MODIFIER 0,009091 0.1027 0.158 0.0005 0.243 0.0717
ARHGAP27 45429642 rs2959953 G C MODERATE 0,375 0.6953 0.6537 0.5208 0.7177 0.6734
ARHGAP27 45395941 1s62064597 C G MODIFIER 0,083333 0.0424 0.132 0.0008 0.2141 0.0735
ARHGAP27 45396708 1s1297259327 C T LOW 0,083333 - - - - -
ARHGAP27 45430037 17220206 G A LOW 0,028571 0.2174 0.4237 - 0.4716 0.4716
ARHGAP27 45429583 1s115993362 C G MODIFIER 0,083333 0.1478 0.0062 - 0.0002 0.0006
ARHGAP27 45429931 1s12949256 C T MODERATE 0 - - - 0.5 0.1667
ARHGAP27 45410208 rs35327136 C A MODIFIER 0,015625 0.1308 0.1778 - 0.2233 0.0682
ARHGAP27 45396860 rs7213200 G A MODIFIER 0,016129 - - - - -
ARHGAP27 45410198 1s142163608 C T MODIFIER 0,083333 0.0162 - - - -
ARHGAP27 45404234 rs184103721 C G MODIFIER 0,045455 0.0004 0.0481 0.0104 0.0002 0.0004
ARHGAP27 45410058 1$35389313 T C MODIFIER 0,013514 - ; ; - -
ARHGAP27 45404053 1s201721078 G A HIGH 0,21875 0.0009 0.0421 - 0.0001 -



Supplementary Table S1- Description of the 66 variants present in the genes AQP3, ARHGAP27, ELF5, IFNAR2, LIMD1, OAS1 and UPKI1A.

ARHGAP27 45395459 rs117139057 G C MODERATE 0,125 0.089 0.2028 0.2768 0.1791 0.1189
ELF5 34489994 rs2231825 C A MODIFIER 0,046875 0.1168 0.1868 0.027 0.4292 0.3018
ELF5 34505605 1s2231821 A G MODIFIER 0,04386 0.0596 0.1556 0.0268 0.316 0.2659
ELF5 34480798 rs2231828 T C LOW 0,046875 0.0806 0.1829 0.027 0.4214 0.3137
ELF5 34493816 1s556840829 A G MODIFIER 0,05 - - - - -
ELF5 34511455 rs28395819 A C MODIFIER 0,083333 - - - - -
ELF5 34493394 rs737254 T G MODIFIER 0,040541 0.2868 0.3272 0.051 0.4674 0.3397

IFNAR2 33241950 rs1051393 T G MODERATE 0,789063 0.1931 0.4873 0.5838 0.3362 0.4762

IFNAR2 33241945 152229207 T C MODERATE 0,34375 0.0798 0.1663 0.1786 0.084 0.1302

IFNAR2 33262573 rs1131668 G A MODIFIER 0,795455 0.3768 0.4537 0.5833 0.3654 0.4767

IFNAR2 33262760 1s9984273 T MODIFIER 1 0.5946 0.8484 0.9181 0.6873 0.7679

IFNAR2 33245424 12252639 A T MODIFIER 0,285714 1 1 1 1 1

IFNAR2 33262774 rs34865572 CT C LOW 0,137931 1 1 1 1 1
rs750263757

IFNAR2 33244908 1s2834158 T C MODIFIER 0,333333 0.8076 0.5129 0.4167 0.6638 0.5244

IFNAR2 33230489 rs17860118 G T MODIFIER 0,1875 0.0762 0.1189 0.1399 0.0864 0.1208

IFNAR2 33244934 rs149186597 TTT T LOW 0,083333 0.0026 0.0116 0.0003 0.0254 0.0261
rs79402470 C

IFNAR2 33262748 rs3216172 G GT MODIFIER 0,181818 0.3665 0.467 0.5943 0.33 0.4847
rs397789038

IFNAR2 33263275 rs147568312 C T LOW 0,083333 0.0163 0.0004 0.0002 - -

IFNAR2 33262799 * C A MODERATE 0,083333 - - - - -

IFNAR2 33230629 1s12482556 T C MODIFIER 0,714286 - - - - -



Supplementary Table S1- Description of the 66 variants present in the genes AQP3, ARHGAP27, ELF5, IFNAR2, LIMD1, OAS1 and UPKI1A.
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Supplementary Table S1- Description of the 66 variants present in the genes AQP3, ARHGAP27, ELF5, IFNAR2, LIMD1, OAS1 and UPKI1A.

OAS1 - rs1051042 G C MODIFIER 1 0.9346 0.8318 0.7841 0.6578 0.6933
UPKI1A 35676195 rs747589460 CTT C MODIFIER 0,033333 0.0227 0.037 0.0417 0.0587 0.0811
T
UPKI1A 35673206 1s75289222 G T MODIFIER 0,035714 0.0653 0.115 0.1029 0.1016 0.0845
UPKI1A 35668466 152267586 T G MODERAT 0,179688 0.0715 0.1157 0.2241 0.1007 0.1026
E
UPKI1A 35678012 1s2285421 T C MODIFIER 0,3 0.8012 0.5853 0.6216 0.5365 0.7368
UPKI1A 35677970 152285420 G A LOW 0,166667 0.0694 0.1678 0.1273 0.1397 0.1087

‘Reference Allele; "Variant Allele; *Variants without described SNP; (-) — No annotation; INDG: Indigenous populations; AFR: African populations; AMR: American
populations; EAS: East Asian population; EUR: European population; SAS: South Asian population.



Supplementary Table S2 — Comparison of the allele frequency of the INDG population with the continental population (AFR, AMR, EUR,

EAS and SAS).

Gene SNP ID INDG vs. AFR * INDG vs. AMR * INDG vs. EAS * INDG vs. EUR * INDG vs. SAS *
AQP3 s2228332 0.00018 3.693x 10° 5.348 x 10° 4293x10° 9.082x 10"
AQP3 rs591810 3.963 x 10° 0.00075 1.031x10° 3.214x 107 1.087 x 10°
AQP3 rs2231235 0.09707 0.00324 0.42487 5.369 x 10™ 1.929x 10°
AQP3 rs114247802 0.00019 7.994x 10° NA NA NA
AQP3 rs2231231 0.00117 0.00010 5.442x 107 1.620x 107 2264 x10°
AQP3 rs12555686 0.63286 6.573 x 10° 2.387x10° 0.00362 0.00356
AQP3 rs16919255 0.26429 0.00027 1.570x 10° 0.14649 0.14583
ELF5 rs2231825 0.09707 0.00324 0.42487 5.369 x 10™ 1.929x 10°
ELF5 rs2231821 1.000 0.01790 0.42487 6.224x 107 3.250x 10°
ELF5 rs2231828 0.46491 0.00498 0.42487 1.168x 10™ 1.051x 10°
ELF5 15737254 4.787x10° 6.137x 10’ 1.000 1.465x 10" 1.611x 10

UPK1A  rs747589460 0.65377 1.000 1.000 0.56369 0.20915
UPKI1A s75289222 0.41762 0.04259 0.07032 0.07073 0.21094
UPKI1A s2267586 0.00344 0.14912 0.63094 0.05448 0.05570
UPKI1A rs2285421 3.016x 10™° 3.180x 10° 1.341x 10° 0.00030 1.562x 10"
UPKI1A rs2285420 0.01134 1.000 0.32717 0.45227 0.14569
OASI rs7968145 1.000 0.14897 1.000 0.01497 0.09495
0OAS1 rs1131476 0.02583 4.458x 10° 7.665 x 107 3.188x 10™ 6.497 x 10"
0OAS1 rs1131454 3.523x 10™ 0.37592 0.78508 0.34783 0.34646
0OAS1 1s2660 0.02583 7.618x 10° 1.374x 10° 1.525x10™ 2.482x10°
0OAS1 rs10774671 3.039x 10" 0.73237 0.51581 0.00451 0.03860
0OAS1 7967461 0.01055 3.650x 10° 1.260x 107 1.118x 10™ 6.043 x 10"
0OASI1 rs11352835 0.01087 3.432x 10° 2.366x 107 3.623x 10 6.043x 10"
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IFNAR2 rs147568312 0.00890 7.994x 10° 1.575x 10° NA NA
IFNAR2 56197608 NA 1.000 0.62213 1.000 1.000

INDG: Indigenous populations; AFR: African populations; AMR: American populations; EAS: East Asian population; EUR: European population; SAS: South Asian
population; *p-value defined by Fisher’s exact test. Bold characters indicate a significant difference (p-value* < 0.05).



