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RESUMO

SIMAO, Filipa Isabel Figura. Ancestralidade materna em populagdes da América do Sul:
contrastando dados genéticos e historicos. 2019. 129f. Tese (Doutorado em Biociéncias) —
Instituto de Biologia Roberto Alcantara Gomes, Universidade do Estado do Rio de Janeiro,
Rio de Janeiro, 2019

A heterogeneidade cultural e étnica presente em populages da América do Sul é resultado de
extensos processos de miscigenacao, ocorridos ao longo dos ultimos séculos, entre individuos nativo-
americanos, colonizadores europeus (maioritariamente portugueses e espanhois) e escravos
africanos. Por causa do padrdo de heranga uniparental, os polimorfismos localizados no genoma
mitocondrial contam historias independentes sobre os ancestrais maternos das populages,
funcionando como um registro molecular da historia genealdgica e das migra¢es das mulheres ao
longo de varias geragdes. O presente trabalho teve como objetivo analisar a composi¢cdo genética
materna de trés grupos populacionais da América do Sul: popula¢fes miscigenadas do Rio de Janeiro
(Brasil) e do Paraguai e populacdo nativa do Peru, pertencente ao grupo Ashaninka (familia
linguistica Arawak). Pretendeu-se investigar de que forma os diferentes eventos historicos
contribuiram para a composicao genética atual destas populacdes e suas diferencgas inter- e intra-
populacionais. Assim, a regido controle do mtDNA de 675 individuos residentes na América do Sul
foi sequenciada através da metodologia de Sanger e, com base nos polimorfismos identificados, foi
determinada a origem continental das linhagens maternas obtidas. Adicionalmente 105 amostras de
individuos residentes no departamento de Alto Parana, Paraguai, e 20 amostras de individuos
Ashaninka foram estudadas por metodologia de sequenciamento massivo paralelo, com obtencdo de
haplétipos da molécula completa de mtDNA. A populacdo do Rio de Janeiro apresentou uma elevada
proporcdao de haplogrupos africanos (42 % dos hapl6tipos pertencem ao macrohaplogrupo L), a
maioria com possivel origem geografica na regido Sudoeste de Africa. Para os haplogrupos
euroasiaticos e nativo-americanos encontrados no Rio de Janeiro (representando 32% e 26% das
amostras, respetivamente), ndo foi possivel determinar uma origem geografica clara ou uma afiliacao
linguistica. A comparacdo das proporcOes de ancestralidade, obtidas para mtDNA e marcadores
autossdmicos, apontou para a presenca de subestrutura populacional no Rio de Janeiro. Cerca de 88
% dos hapl6tipos observados na populagdo do Paraguai pertence a haplogrupos nativo-americanos. A
comparagdo entre a origem continental das linhagens maternas do Paraguai e os resultados obtidos
para marcadores autossémicos informativos de ancestralidade, em 39 amostras, suportaram a
existéncia de processos de mistura entre paraguaios e individuos de outras populacdes,
provavelmente ja miscigenadas, onde os homens terdo contribuido com elevada ancestralidade
europeia. Além do mais, a comparagdo dos resultados dos mitogenomas de individuos residentes no
Alto Parana com outras populacdes da América do Sul (dados disponiveis na literatura) indicou a
influéncia, ndo s6 de indigenas Tupi-Guarani, como também de outros grupos linguisticos. Na
populacdo Ashaninka, residente na floresta tropical do Peru, ndo foi observada qualquer contribuicio
ndo nativa na sua composi¢do genética materna, confirmando o isolamento geografico deste grupo
indigena. Os resultados do sequenciamento da molécula completa de 20 amostras Ashaninka,
pertencentes ao haplogrupo B2+16051G+16129A+152C, para além de apoiarem as teorias sobre a
origem da familia linguistica Arawak, revelaram uma possivel rota de dispersdo no sentido sul do
subcontinente. Com os resultados obtidos no presente trabalho, é evidente a contribui¢do diferencial
dos componentes maternos nas trés populacGes estudadas, com uma associacdo aos eventos
historicos particulares de cada uma delas.

Palavras-chave: mtDNA. Ancestralidade. América do Sul.



ABSTRACT

SIMAO, Filipa Isabel Figueira. Maternal ancestry in South American populations:
contrasting genetic and historical data. 2019. 129f. Tese (Doutorado em Biociéncias) —
Instituto de Biologia Roberto Alcantara Gomes, Universidade do Estado do Rio de Janeiro,
Rio de Janeiro, 2019.

The cultural and ethnic heterogeneity present in South American populations is the
result of extensive admixture processes, over the past centuries, among native Americans,
European settlers (mainly Portuguese and Spanish) and African slaves. Because of its
uniparental inheritance, polymorphisms located in the mitochondrial genome tell
independent histories about maternal ancestors of the populations, working as a molecular
record of the genealogical history and women migrations over several generations. The aim
of the present study was to analyse the maternal genetic composition of three population
groups of South America: admixed populations of Rio de Janeiro (Brazil) and Paraguay and
native population of Peru, belonging to the Ashaninka group (Arawak language family). It
was intended to investigate how the different historical events contributed to the current
genetic composition of these populations as well as to evaluate their inter- and intra-
population differences. Thus, the mtDNA control region of 675 individuals from South
America was sequenced using the Sanger methodology. The continental origin of the
maternal lineages was determined, based on the polymorphisms identified. In addition, 105
samples from individuals living in the department of Alto Parana, Paraguay, and 20 samples
from Ashaninka individuals were studied by massively parallel sequencing methodology,
with the analysis of complete mtDNA molecule haplotypes. The Rio de Janeiro population
presented a high proportion of African haplogroups (42% of the haplotypes belong to the
macrohaplogroup L), the majority with a possible geographic origin in the Southwest region
of Africa. For the Eurasian and Native American haplogroups found in Rio de Janeiro
(representing 32% and 26% of the samples, respectively), it was not possible to determine a
clear geographic origin or linguistic affiliation. The comparison of ancestry proportions,
obtained for mtDNA and autosomal markers, pointed to the presence of population
substructure in Rio de Janeiro. About 88% of the haplotypes observed in the Paraguayan
population belong to Native American haplogroups. The comparison between the
continental origin of the Paraguayan maternal lineages and the results obtained for
autosomal ancestry markers, in 39 samples, supported the existence of admixture processes
between Paraguayans and individuals from other populations, probably already admixed,
where the men will have contributed with a high European ancestry. Moreover, the results
obtained from the comparison of Alto Parana mitogenomes with data available in the
literature for other South American populations, indicated the influence of Tupi-Guarani
natives, and of other linguistic groups. For the Ashaninka population, living in the Peruvian
rainforest, no non-native maternal ancestry was observed, confirming the geographic
isolation of this native group. The sequencing results of mitogenome for 20 Ashaninka
samples, belonging to haplogroup B2 + 16051G + 16129A + 152C, not only support the
theories about the origin of the Arawak linguistic family, but also revealed a possible south
dispersal route in the subcontinent. With the results obtained in the present study, it is
evident the differential contribution of the maternal components in the three populations
studied, with an association with their particular historical events.

Keywords: mtDNA. Ancestry. South America
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INTRODUCAO

A origem do Homem moderno, a sua dispersdo pelo mundo e seus continuos
movimentos migratorios tém sido alvo de investigacdo por diversos séculos. No estudo
da histéria das populagGes humanas séo frequentemente usadas ferramentas linguisticas
ou arqueoldgicas. No entanto, estas disciplinas apresentam algumas limitacbes que
podem levar a teorias contraditdrias e a explicacdes dispares para 0s mesmos eventos.
Nos anos 90, o desenvolvimento tecnologico na area da biologia molecular estimulou o
estudo genético das populagdes, numa tentativa de complementar os dados historicos
existentes. Aplicando os principios da hereditariedade genética mendeliana, a genética
populacional foca-se no estudo da composicéo genética das populagcbes, com o objetivo
de elucidar a origem e distribuicdo da variacdo encontrada em diferentes grupos
populacionais. Desta forma, através da analise da composi¢cdo genética das populacdes
humanas tem sido possivel rastrear a sua ancestralidade e mapear padrdes de migracdo
ocorridos no passado. Além disso, o conhecimento da estrutura genética das populactes
¢ também vantajoso em outras areas da genética, como em estudos clinicos e na
casuistica forenses. Em genética clinica € importante 0 mapeamento da heterogeneidade
associada a populagdes miscigenadas, uma vez que diferentes padrdes de mistura
genética podem resultar em diferentes graus e tipos de susceptibilidade a doencas. Ja na
area forense, a elaboracdo de bases de dados de perfis genéticos, com a descricdo
detalhada das frequéncias genotipicas, permite atribuir um peso estatistico as evidéncias
genéticas, o qual é formulado com base em hipdteses alternativas, mutuamente

exclusivas.

Marcadores genéticos

E no genoma humano que se encontra toda a informacdo hereditaria de um
individuo. O DNA esté localizado no nucleo das células, organizado em 23 pares de
cromossomos (22 pares autossdmicos e 1 par sexual), compostos por duas cadeias
polinucleotidicas antiparalelas lineares, e no interior das mitocondrias, com estrutura

circular. A informacdo genética contida nos autossomos apresenta heranga biparental,
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sendo transmitida por ambos 0s progenitores para 0s descendentes. Ja a mitocondria e o
cromossomo Y tém transmissdo uniparental (0 mtDNA é transmitido pelas mées e o
cromossomo Y é transmitido de e para os homens).

As diferencas genéticas entre 0s humanos representam apenas cerca de 0,3 % da
sequéncia de DNA, sendo que mais de 99,7% do genoma é partilhado por todos os
individuos (BUTLER, 2009). Essa pequena porcentagem de variabilidade pode ser
detectada tanto na regido codificante como na regido néo codificante do genoma. Em
casos de identificacdo forense recorre-se comumente ao estudo de regides ndo
codificantes, uma vez que os polimorfismos localizados nessas regifes sdo menos
propensos a revelar informacgdes sobre doencas ou suscetibilidades genéticas. No
entanto, na Ultima década, com o surgimento de novas tecnologias de sequenciamento, a
analise da variabilidade nas regides codificantes do genoma comecou a ser aplicada na
casuistica forense, para previsdo de tracos fisicos, na auséncia de suspeitos. J& em
estudos populacionais, o uso de marcadores localizados nas regides codificantes podera
ser vantajoso, uma vez que, estando sujeitos ao efeito de selecdo, poderdo uma maior
diferenciacdo entre populacées (AMORIM; BUDOWLE, 2016).

A variabilidade genética existente nas populagfes humanas pode ser detectada
pela presenca de polimorfismos de comprimento ou de sequéncia.

Os polimorfismos de comprimento sdo variagdes no tamanho das sequéncias de
DNA e resultam, frequentemente, de repeti¢cbes de sequéncia em tandem cujo nimero
varia de individuo para individuo. Se as repeti¢des tiverem um comprimento entre 6 pbs
a mais de 100 pbs sdo chamadas de minisatélites (ou VNTRs, do inglés Variable
Number of Tandem Repeats). Por outro lado, os polimorfismos com unidades de
repeticdo que variarem entre 1-5 pbs sdo denominados de microssatélites (ou STRs, do
inglés Short Tandem Repeats). Os polimorfismos de comprimento podem também estar
associados a presenca ou auséncia de um ou mais nucleotideos, alteracdo denominada
de insercédo/delecéo.

Os polimorfismos de sequéncia resultam da substituicdo de uma base por outra.
Quando a mutagdo € de uma s6 base, denomina-se por polimorfismo de base Unica (ou
SNP, do inglés Single Nucleotide Polymorphism).

Em estudos de genética populacional e forense, a escolha do tipo de marcador e
a sua localizacdo no genoma depende dos objetivos e das finalidades propostos. Por

exemplo, em estudos de parentesco sdo comumente utilizados marcadores STR
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localizados nos autossomos. Por outro lado, na determinacédo da ancestralidade paterna
de um individuo, recorre-se a marcadores do tipo SNP localizados no cromossomo Y.

O genoma mitocondrial, apesar de representar apenas cerca de 0,25% do
conteddo gendmico de uma célula, apresenta particularidades, que fazem deste
marcador genético um recurso importante em diversas investigacdes (AMORIM,;
BUDOWLE, 2016).

A mitocdndria e o DNA mitocondrial

As mitocondrias sdo organelas celulares localizadas no citoplasma das células
eucariotas e estdo envolvidas em diversos processos metabdlicos. Sdo delimitadas por
duas membranas de composi¢do e funcdo distintas - membrana externa e membrana
interna. Estas membranas encerram dois compartimentos denominados por matriz e
espaco intermembranas (Figura 1).

A producdo de energia sob a forma de ATP (Adenosina TriFosfato) através da
fosforilacdo oxidativa € a principal funcdo metabdlica da mitocdndria. De forma
simplificada, a producdo de ATP acontece com o fluxo de prétons do espaco
intermembranas para a matriz da organela (NELSON; COX, 2004).

A incorporacdo das mitocondrias no interior das células eucariotas é explicada
pela teoria endossimbiodtica. Sendo atualmente aceita de forma consensual pela
comunidade cientifica, esta hipdtese postula que as mitocondrias teriam evoluido a
partir de bactérias aerdbias, integradas no seio de células eucariotas primitivas. A
relacdo de simbiose tera garantido a bactéria a sua sobrevivéncia e, através de processos
evolutivos, o ser endossimbionte teria perdido a capacidade de sobreviver fora das
células eucariotas, evoluindo e dando origem a mitocondria atual. As mitocondrias
tornaram-se organelas semiautbnomas que mantém uma relacdo de dependéncia com o
hospedeiro; células com mitocondrias dependem destas organelas para realizarem a
fosforilagdo oxidativa e estas, por sua vez, dependem da célula para garantir a sua
propria existéncia (LODISH et al., 2000; NELSON; COX, 2004).

O DNA mitocondrial (mtDNA) humano esta localizado na matriz das
mitocondrias (Figura 1) e € constituido por duas cadeias polinucleotidicas
complementares, de composi¢do nucleotidica distinta. A cadeia pesada (do inglés
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Heavy, representada por H) tem uma maior porcentagem de Guaninas (G) e Adeninas
(A), que contribuem para um peso molecular superior, enquanto a cadeia leve (do inglés
Light, representada por L) é rica em Citosinas (C) e Timinas (T) apresentando,
consequentemente, um menor peso molecular. Estas cadeias organizam-se de forma
circular e ttm uma extensao de aproximadamente 16.569 pbs, nimero de nucleotideos
que pode variar com insercdes e/ou dele¢cdes na sequéncia (Figura 2) (LODISH et al.,
2000; VOET; VOET; PRATT, 2012).

Figura 1- Estrutura da mitocondria

1 2 3

1- mtDNA

2 - Ribossomas

3 - Matriz

4 - Membrana externa

5 - Membrana interna

6 - Espaco intermembranas
7 - Crista

A molécula de mtDNA é composta por duas regifes - a regido codificante e a
regido controle (Figura 2) - classificadas de acordo com a funcdo que desempenham na
molécula. A regido codificante representa cerca de 90% do genoma mitocondrial e
compreende 37 genes que se traduzem em 22 tRNAs, 2 rRNAs e 13 polipeptidios.
Contudo, grande parte dos polipeptidios envolvidos em fungdes mitocondriais €
codificada por genes nucleares, traduzidos nos ribossomas citoplasmaticos e,
posteriormente, transportados por enzimas especializadas até a mitocondria (NELSON;
COX, 2004). O genoma mitocondrial é extremamente compacto, com auséncia de
introns entre 0s genes e com sequéncias de genes sobrepostas, contiguas ou separadas

por apenas uma ou duas bases ndo codificantes (CUMMINS, 1998).
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A porcao ndo codificante do mtDNA tem uma extensdo aproximada de 1.120
pbs e é denominada regido controle por conter nela a origem de replicacdo da cadeia
pesada. Esta regido € também designada por D-loop (Displacement loop), uma vez que,
durante o inicio da transcricdo e replicacdo, o DNA forma uma estrutura de cadeia tripla
nesta regido. Por ndo incluir informagdo necessaria a codificacdo de nenhuma
substancia essencial ao funcionamento celular, as mutagdes acumuladas nesta regido sdo
fixadas com maior frequéncia. Por este motivo, fazem parte da regido controle trés
segmentos de elevada variabilidade genética denominados por segmento hipervariavel |
(HVSI do inglés HiperVariable Segment 1), segmento hipervariavel Il (HVSII do inglés
HiperVariable Segment II) e segmento hipervaridvel Il (HVSIIl do inglés
HiperVariable Segment 111).

Figura 2 - Representacdo da estrutura circular do genoma mitocondrial

S &
R N ™ A0 e b

HVSII

AVST

|

HVSI | ‘ HVSII
AVST

PosicBes16569/1

Regido controlo

Cadeia pesada(H) ——> <— Cadeia leve (L)

Regido codificante

Legenda: A cadeia pesada (H) esta representada pela linha externa e a cadeia leve (L) pela linha interna.
A regido controle apresenta os segmentos de elevada variabilidade genética HVSI, HVSII e
HVSIII e a regido codificante inclui os 37 genes codificados pela molécula.

Em 1981, a sequéncia completa do DNA mitocondrial Humano foi descrita pela

primeira vez, na sua totalidade, por Anderson e colaboradores (ANDERSON et al.,
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1981), no laboratério de Frederick Sanger, em Cambridge, motivo pelo qual ficou
conhecida como Sequéncia de referéncia de Cambridge (CRS, do inglés Cambridge
Reference Sequence). Cada posicao nucleotidica foi numerada, com inicio na origem de
replicacdo da cadeia pesada (posicdo 1) e término na posicdo 16.569. O primeiro
segmento hipervariavel estd localizado entre as posi¢cdes 16.024 e 16.365, o segundo
entre as 73 e 340 e o terceiro segmento entre as posicoes 438 e 574 da regido controle.

Mais tarde, o genoma mitocondrial estudado por Anderson foi reanalisado pelo
grupo de Andrews e colaboradores (ANDREWS et al., 1999) que identificaram 11 erros
na sequéncia descrita em 1981. As corre¢des foram publicadas e a sequéncia passou a
ser denominada por Sequéncia de Referéncia de Cambridge revista (rCRS, do inglés
revised Cambridge Reference Sequence). A rCRS é considerada a sequéncia padréo de
comparagdo em genética populacional e forense.

Em 2012, Behar e colaboradores (BEHAR et al., 2012) propuseram a
implementacdo de uma nova sequéncia de referéncia, hipotética, denominada por
Reconstructed Sapiens Reference Sequence (RSRS). Esta sequéncia manteve a mesma
anotacdo numérica que a rCRS, mas representa o genoma ancestral da Eva mitocondrial,
mulher da qual todos os genomas humanos mitocondrias atuais terdo descendido.
Contudo, a sua aplicacdo em futuros estudos da molécula de mtDNA implicaria uma
alteracdo da nomenclatura de todas as sequéncias descritas até a época e a alteracao de
milhares de dados de genomas mitocondriais. Em forense é importante dispor de uma
sequéncia de referéncia estavel e a implementacdo da RSRS implicaria uma atualizacédo
constante, a medida que mais sequéncias de mtDNA fossem estudadas. Desta forma, a
rCRS continua a ser utilizada como sequéncia de referéncia e a RSRS esté disponivel
apenas para consulta (SALAS et al., 2012).

Caracteristicas do genoma mitocondrial

O uso de marcadores de linhagem esta limitado a alguns casos de investigagédo
forense, pelo seu reduzido poder de discriminacdo comparativamente aos marcadores
autossomais. Quando usado em estudos populacionais, 0 genoma mitocondrial apenas

nos fornece a visdo materna da histéria. No entanto, este apresenta outras
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particularidades que o tornam um marcador genético valioso, tanto na area forense

como em genética de populagoes.

Heranca uniparental materna

O mtDNA apresenta uma transmissdo uniparental materna. Durante a
fecundacdo, apenas o nucleo do espermatozoide entra no odcito, fundindo-se
diretamente com o ndcleo materno, ndo contribuindo com outros elementos celulares.
Mais ainda, um sistema de destruicdo seletiva por marcacdo com ubiquitina elimina
possiveis mitocondrias paternas (CUMMINS, 1998; PAKENDORF; STONEKING,
2005a; SUTOVSKY et al., 2000). Desta forma, a transmissdo uniparental, apesar de ndo
garantir a identificagdo individual, permite rastrear linhagens maternas ao longo do
tempo, sem os efeitos associados a heranga biparental e recombinacédo (Figura 3).

Auséncia de recombinacéo

Contrariamente ao DNA nuclear, a molécula de mtDNA néo sofre recombinacao
e, por esse motivo, a informacdo genética contida no mtDNA apenas revela informacédo
do ascendente materno. A auséncia de recombinacdo faz com que a variabilidade
existente no genoma mitocondrial resulte apenas de mutacGes que se acumularam ao

longo de geracgoes.
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Figura 3 - Representacdo da heranga uniparental materna associada ao genoma

mitocondrial
O

?

—]

o 6

Legenda: As mulheres estdo representadas por circulos e os homens por quadrados. Cada cor representa
uma linhagem diferente de mtDNA.

Elevada taxa de mutacdo

A taxa de mutacdo do genoma mitocondrial é superior a do nuclear. A
proximidade da molécula com a cadeia de transferéncia de elétrons, e a consequente
exposicdo a espécies reativas de oxigénio, aumenta a probabilidade de ocorréncia de
mutacdo. Por outro lado, a auséncia de histonas protetoras faz com que o genoma
mitocondrial seja vulneravel ao ataque oxidativo e a baixa fidelidade da polimerase
torna o sistema de correcao e reparacdo de erros menos eficiente durante a replicacéo do
mtDNA.

O célculo da taxa de mutacdo no genoma mitocondrial comecou a ser alvo de
estudo assim que a variabilidade genética encontrada na molécula comegou a ser
aplicada em estudos genéticos. No entanto, ao longo dos anos, tém sido propostas
diferentes metodologias de calculo e, consequentemente, divulgados diferentes valores
de taxa de mutacdo. O valor de taxa de mutacdo mitocondrial comumente usado é a taxa
de substituicdo da regido controle, publicada por Mishmar et al. (MISHMARA et al.,
2003) - 1,26 x 10°® substituicdo de base, por nucleotideo, por ano.

Um dos principais motivos de discrepancia entre valores publicados de taxa de
mutacdo mitocondrial € o modelo de célculo aplicado. Existem duas principais
abordagens - uma com base em estudos de pedigree e outra em estudos filogenéticos.

Os ramos mais antigos de mtDNA aparentam ter uma maior propor¢do de mutacgoes
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sindnimas do que o ramos mais recentes. Esta diferenca tem sido explicada pela acdo de
selecdo negativa. Por este motivo, a taxa de mutagdo obtida por métodos baseados na
anélise de pedigree tende a ser 10 vezes mais répida que a obtida por métodos
filogenéticos. Em estudos de pedigrees é calculada a taxa germinativa, com a
comparacdo de sequéncias entre pais e filhos onde sdo consideradas apenas algumas
geracOes. Por outro lado, a taxa evolutiva, obtida através de estudos filogenéticos,
considera escalas de tempo de milhares ou até mesmo milhdes de anos, permitindo a
extrapolacdo de valores de taxa de mutacdo contabilizando somente aquelas mutacdes
que se mantiveram nas populacdes e que ndo foram eliminadas por fenémenos de deriva
génica. Em casos de identificagdo forense, onde se analisam amostras de individuos
separados por poucas geracdes, o valor de frequéncia das mutacGes germinativas € de
maior relevancia. No entanto, em estudos evolutivos, a utilizacdo da taxa germinativa
levaria a uma subestima da antiguidade dos haplogrupos presentes numa populacéo,
uma vez que, nestes casos, ndo seriam contabilizadas aquelas mutagdes que se foram
perdendo ao longo do tempo, por deriva (SOARES et al., 2009).

O efetivo populacional pode também influenciar os valores obtidos de taxa de
mutacdo do mtDNA. Em populagbes com elevado nimero de individuos, mais
mutacdes germinativas sdo preservadas. Por esse motivo, a taxa de mutacdo sera inferior
em populaces de efetivo reduzido ou que sofreram mecanismos de afunilamento
genético, onde as mutacdes germinativas foram perdidas.

Além disso, a taxa de mutacdo ndo se encontra distribuida uniformemente ao
longo do genoma mitocondrial, isto é, a velocidade de mutagdo na molécula €
heterogénea. A regido controle é mais suscetivel a sofrer alteracbes que a regido
codificante porque as mutagdes desta Ultima sdo alvo de selecdo negativa. Para além
disso, a regido ndo codificante apresenta hotspots mutacionais que variam quatro a
cinco vezes mais rapido que qualquer outro local dessa mesma regido (PAKENDORF;
STONEKING, 2005b).

Em 2009, Soares e colaboradores (SOARES et al., 2009) propuseram um valor
de taxa de mutagdo baseado num método de reconstrucao filogenética usando mais de
2.000 mitogenomas publicados na literatura, considerando a presenca de
heterogeneidade ao longo do genoma mitocondrial e o efeito da selecdo negativa sobre
mutacdes ndo sindnimas. Desta forma, obtiveram uma taxa de substituicdo média na
ordem de 10® tanto para a molécula completa como para as regifes controle e
codificante em separado (SOARES et al., 2009). Além do mais, ao desconsiderarem 0s
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principais hotspots mutacionais (por exemplo, polimorfismos nas posi¢fes 16.519, 152,
16.311, 146, 195) verificaram que as taxas de mutacdo das regiGes controle e
codificante eram muito semelhantes, corroborando a necessidade de uma taxa de
mutacdo mitocondrial geral na determinacdo da antiguidade dos haplotipos (SOARES et
al., 2009).

Elevado ndmero de copias

O numero de cépias de mtDNA por célula varia. Cada célula pode conter
centenas de mitocondrias no seu interior e cada mitocdndria tem em média 4 a 5 cOpias
de mtDNA. Neste sentido, uma Unica célula pode possuir entre centenas a milhares de
copias de moléculas de mtDNA. Esta particularidade torna o material genético da
mitocdndria mais facil de obter, sendo, por isso, muito utilizado no estudo de DNA
antigo e de amostras degradas (BUTLER, 2005; IBORRA; KIMURA; COOK, 2004).

Metodologias de anélise

Os primeiros estudos sobre a variabilidade do genoma mitocondrial envolviam
metodologias de restricdo enzimatica, com a analise de polimorfismos de comprimento
de fragmento de restricdo (RFLPs, do inglés Restriction Fragment Length
Polymorphism) (BROWN, 1980). Mais tarde, com 0s avancos tecnoldgicos e obtencdo
de produtos de PCR e sequéncias de elevada qualidade, comegou-se por sequenciar o
segmento HVSI da regido controle do mtDNA, localizado entre as posi¢des 16.024 e
16.365, por ser a regido mais variavel. Com a crescente necessidade de aumentar o
poder de discriminacdo nas comparagfes entre sequéncias, tornou-se comum sequenciar
a regido controle total do mtDNA, entre as posi¢des 16.024 e 576, através do metodo de
Sanger (SANGER; NICKLEN, 1977). Na quimica de sequenciamento de Sanger sdo
incorporados ddNTPs na reacdo, bases que, por ndo apresentarem o grupo hidroxila na
extremidade 3’°, impossibilitam a ligagdo de um novo nucleotideo e, por isso, funcionam

como terminadores de sintese de DNA (Figura 4a). Desta forma, quando a polimerase
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introduz um novo ddNTP na cadeia a ser sintetizada, o crescimento desta termina
(Figura 4b). Cada um dos ddNTPs estd marcado com um fluorocromo, o que permite a
sua deteccdo e identificacdo durante a analise (Figura 4c e Figura 4d). Nesta
metodologia, o sequenciamento é realizado com primers direto e reverso, de forma a
obter-se informacgdo complementar, garantido um controle de qualidade dos resultados.
Por vezes, a separacdo de duas linhagens maternas ndo é possivel apenas com o
estudo da regido controle. Na tentativa de ultrapassar esta limitacdo, comegou-se por
estudar polimorfismos SNPs localizados na regido codificante do mtDNA. Estes
marcadores sdo vantajosos por apresentarem uma sequéncia de menor comprimento que
0s STRs do DNA autossomal ou que as regides hipervariaveis do mtDNA, permitindo

um maior sucesso na anélise de amostras degradadas.

Figura 4 - Esquema representativo do método de sequenciamento de Sanger

. Sequéncia Template
A) B) i of M 2
3’GAGCAAATTCCGATACATTATTGT... 5
Primer
0o 5’CTCGTTTAAG... 3’
CTCGTTTAAGG —@
CTCGTTTAAGGC
CTCGTTTAAGGGT —.
3 g g . °
Dideoxinucleotideo trifosfato (ddNTP) CTCGTTTAAGGGTA

@ =@ =@ ocH,.° Base CTCGTTTAAGGGTAT —@
mifrogemt CTCGTTTAAGGGTATG —@

e o CTCGTTTAAGGGTATGT
CTCGTTTAAGGGTATGTA

‘ CTCGTTTAAGGGTATGTAA @
CTCGTTTAAGGGTATGTAAT —@
Deoxinucleotideo trifosfato (ANTP) X o D )
(¢}

@=@-@®= oo, 25, O- CCTAT BT AK'T
=X ¢

G)H H 3 HO 5 5 |
Cadeia a ser Template Eletroferograma
sintetizada

Legenda: No sequenciamento de Sanger sdo incorporados Deoxinucleotideos trifosfatados (ANTPs) e
Dideoxinucleotideos trifosfatados (ddNTPs) a reagdo (a); os ddNTPs, por ndo apresentarem o
grupo hidroxila na extremidade 3’ (a), funcionam como terminadores da sintese da cadeia de
DNA (b). Durante o sequenciamento, séo adicionados de forma aleatéria a cadeia template de
DNA, dNTPs ou ddNTPs (c), o que origina sequéncias de comprimento variado (c). A
deteccdo de cada posicdo nucleotidica é efetuada por eletroforese capilar, pela migracdo dos
fragmentos de acordo com o seu tamanho. O dNTP estd marcado com um fluorocromo, o que
permite a sua deteccao e identificacdo durante a analise (d).

Fonte: Adaptado de https://www.researchgate.net/figure/The-Sanger-sequencing-method-A-simplified-

schematic-of-the-Sanger-sequencing-method_fig8 303565848
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Na regido codificante, existem SNPs com baixa taxa de mutacdo que, por isso,
apresentam uma baixa probabilidade de recorréncia e, consequentemente, uma elevada
especificidade geogréfica. Apesar da densidade de SNPs ser superior na regido controle,
por ser 14 vezes maior, a regido codificante permite a analise de um maior numero de
loci polimérficos. A metodologia comumente utilizada para o estudo de SNPs é o0 mini
sequenciamento (ou sequenciamento de base Unica), através de SNaPshot. Este
procedimento € semelhante ao sequenciamento de Sanger, com a diferenca de que
apenas sdo adicionados a reacdo ddNTPs. Os primers sdo desenhados para terminarem
na posicdo nucleotidica anterior a posicdo de interesse e, uma vez que nao Sao
adicionados nucleotideos convencionais (ANTPs), a extensdo é realizada para uma Unica
base (PARSONS, 2006).

As metodologias convencionais baseadas na deteccdo de bases nucleotidicas ou
na determinacdo do tamanho de fragmentos por eletroforese apresentam algumas
limitacOes, como a perda de informacdo em amostras degradadas. A procura de novos
métodos, mais precisos e eficientes, surgiu da necessidade de se obterem resultados de
alta precisdo e reprodutibilidade num curto espaco de tempo e a custos acessiveis.

Durante as Gltimas décadas, tém surgido novas técnicas de sequenciamento em
larga escala, denominadas de sequenciamento paralelo massivo (MPS do inglés
Massively Parallel Sequencing), com aplicacdo em diversos campos da biologia. Estas
técnicas, que ndo tém por base a quimica de Sanger, consistem na quebra de sequéncias
de DNA em pequenos fragmentos (aproximadamente entre 400-600 pbs),
sequenciamento destes em paralelo, seguido da montagem e ordenagdo num Unico
fragmento contiguo. O produto sequenciado é diretamente detectado sem que haja a
necessidade de realizar eletroforese capilar. Diversos estudos do genoma mitocondrial
por MPS demonstraram a vantagem da utilizacdo destas técnicas quando aplicadas a
area forense, com obtencdo de resultados de alta precisdo e sensibilidade, alto
rendimento, com um baixo custo e simples operacdo (HOLLAND; MCQUILLAN;
O’HANLON, 2011; JUST; IRWIN; PARSON, 2015; KING et al., 2014; PARSON et
al., 2015). Desta forma, € agora possivel obter uma maior quantidade de informacao,
com sequéncias mais extensas (mais bases detectadas) e melhor cobertura por base. A
deteccdo da variabilidade encontrada na molécula completa de mtDNA garante uma
maior precisdo na descricdo dos haplogrupos. Efetivamente, novas linhagens tém sido

descritas gracas ao uso de metogologias MPS (por exemplo) (BRANDINI et al., 2018).
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Nomenclatura

Apds sequenciamento do genoma mitocondrial, as sequéncias obtidas sdo
descritas por comparagdo com a sequéncia de referéncia rCRS e apenas as posi¢des que
ndo coincidem entre ambas sdo anotadas. Desta forma, a sequéncia em estudo é
representada pelo conjunto de posicdes diferentes em relacdo a rCRs, estando
subentendido que as restantes posicdes sdo idénticas. O conjunto de polimorfismos
identificados numa sequéncia denomina-se por haplétipo, o qual caracteriza uma
determinada linhagem materna. Em forense, a nomenclatura dos haplétipos é feita com
base em diretrizes detalhadamente descritas pela comunidade cientifica, por forma a
evitar erros de interpretacio (BAR et al., 2000; PARSON et al., 2014b; TULLY et al.,
2001). A existéncia de uma nomenclatura Gnica, ndo s6 facilita o intercambio de
resultados entre laboratérios, como também permite a partilha e comparacéo, a nivel
internacional, de perfis contidos em bases de dados. Esta é também essencial no
desenvolvimento de testes de proficiéncia que permitam aferir a qualidade dos
resultados obtidos pelos laboratérios.

Os polimorfismos sdo classificados pela posi¢do nucleotidica em que ocorrem,
seguida do nucleotideo que resultou da alteracdo. Esta regra pode ser exemplificada pela
posicdo 73 do mtDNA; na sequéncia de referéncia esta posicdo é caracterizada pela
presenca de uma adenina (A), a qual, numa grande porcentagem de linhagens, é
substituida por uma guanina (G). Neste sentido, estando esta mutacdo localizada na
posicdo 73 e sendo uma transi¢do de A para G, o polimorfismo é identificado como
“73G” ou “A73G” (Tabela 1). As substituigdes sdo o tipo de alteracdo mais comum no
genoma mitocondrial. No entanto, os polimorfismos podem também apresentar-se sob a
forma de inser¢des ou delegdes. As inser¢des sao identificadas pela posi¢do nucleotidica
em que ocorrem seguida de “.1” caso haja a insercdo de uma base, “.2” caso sejam
inseridas 2 bases, e assim sucessivamente; 0 nucleotideo inserido deve ser indicado
depois da indicacdo do numero de inser¢cdes. No segmento poli-C de HVSII, entre as
posicdes 310 e 316, a insercdo de citosinas (C) € extremamente comum. A adicdo de
uma C na posi¢ao 315 sera identificada como “315.1C”; caso sejam duas Cs sera
“315.1C 315.2C” (Tabela 1). As delecbes sdo classificadas pela posicdo nucleotidica
seguida do prefixo “DEL” ou “del”, como por exemplo “523del” ou “523DEL” (Tabela
1) (PARSON et al., 2014b).
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Tabela 1- Regras de anotacao de polimorfismos na molécula de mtDNA

Tipo de polimorfismo Imagem Nomenclatura

. R L -
Substituig¢ao S Il 73G

Insercao 315.1C 315.2C

Delecao 523del 524del

Legenda: Os nucleotideos a amarelo correspondem a rCRS; o0s pontos representam as posi¢cdes da
sequéncia em estudo que sdo idénticas a rCRS.

Variabilidade do mtDNA

Os haplogrupos sdo nomeados por letras do alfabeto e formam-se a partir do
agrupamento de haplétipos de mtDNA com polimorfismos especificos, que representam
linhagens proximas umas das outras. Sequéncias de mtDNA que pertencem a um
determinado haplogrupo, ou sub-haplogrupo dentro deste, apresentam alteracdes
especificas, representativas de um ancestral comum. Em 2009, van Oven e Kayser
desenvolveram uma arvore filogenética — Phylotree (VAN OVEN; KAYSER, 2009) -
que englobava os polimorfismos identificados até ao momento no genoma mitocondrial,
permitindo a diferenciacdo entre haplogrupos (Figura 5). A Phylotree foi sofrendo
atualizagdes ao longo do tempo, a medida que novos polimorfismos e sequéncias foram
descritos. A ultima atualizacdo (aquando da escrita desta tese) ocorreu em fevereiro de
2016 - http://www.phylotree.org/. Os ramos mais profundos e antigos da Phylotree
incluem haplogrupos da regido Subsaariana, nomeadamente os haplogrupos LO a L6. O
haplogrupo L3 ramifica-se nos haplogrupos M e N, que se dispersaram pela Eurasia e
deram origem as linhagens presentes em populacdes desta regido. As linhagens
europeias derivam do haplogrupo N, onde se incluem os haplogrupos H, I, J, K, T, U,
V, W e X que, no seu conjunto, estdo presentes em 98% da populacdo europeia. As
linhagens asiaticas derivam tanto do haplogrupo M como do haplogrupo N. No primeiro

incluem-se as ramificacbes C, D, E e Z e no segundo os ramos A, B, F e J. Nas
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populacdes nativo-americanas verifica-se a presenca dos haplogrupos A, B, C e D,
caracteristicos da regido asiatica, 0 que indica que a sua presenca na regido americana é
anterior a colonizacédo europeia (Figura 6)

Os ramos mais profundos e antigos da Phylotree incluem haplogrupos da regido
Subsaariana, nomeadamente os haplogrupos L0 a L6. O haplogrupo L3 ramifica-se nos
haplogrupos M e N, que se dispersaram pela Eurasia e deram origem as linhagens
presentes em populacdes desta regido. As linhagens europeias derivam do haplogrupo
N, onde se incluem os haplogrupos H, I, J, K, T, U, V, W e X que, no seu conjunto,
estdo presentes em 98% da populacao europeia. As linhagens asiaticas derivam tanto do
haplogrupo M como do haplogrupo N. No primeiro incluem-se as ramificagdes C, D, E
e Z e no segundo os ramos A, B, F e J. Nas popula¢cfes nativo-americanas verifica-se a
presenca dos haplogrupos A, B, C e D, caracteristicos da regido asiatica, o que indica

gue a sua presenca na regido americana € anterior a colonizagéo europeia (Figura 6).

Figura 5 - Organizacdo dos haplogrupos e suas ramificacdes

Ancestral comum
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|
R

L L3* M* D N* R* RO U
(C,E, G, Q,2) (A, 1,05, W,X,Y) (BFLPT) (HV, H, V) (K)

Legenda: Os haplogrupos africanos LO-L6 sdo os mais antigos da arvore. O L3 ramifica-se nos
haplogrupos euroaidticos M e N que por sua vez se ramificam nos restantes euroasiaticos e
nativo-americanos.

Fonte: Adaptado de (VAN OVEN; KAYSER, 2009).



Haplogrupos africanos

A expansdo do grupo linguistico Bantu, com origem na regido Centro-Oeste de
Africa e posterior dispersdo para o Sul do continente, é considerada um dos principais
moduladores da composicao genética da regifo subsaariana de Africa. Por outro lado, o
influxo de linhagens oriundas da regido do Proximo Oriente terd afetado,
principalmente, a composicdo genética das populacdes do Norte e Este do continente
(BANDELT; RICHARDS; MACAULAY, 2006).

Figura 6 - Distribuicdo dos haplogrupos no Mundo

—s

7
-
£

A
S0 P THu, x

T,U,V,W

A
00 K

s w\ro)@- D ,J

)

Legenda: As linhagens L séo caracteristicas da regifo subsaariana de Africa. Os movimentos migratorios
associados a saida de grupos populacionais de Africa e sua dispersdo para as regides
Euroasiaticas, deram origem as linhagens M e N e suas ramificagcdes. As linhagens nativo-
americanas A, B C, D e X estdo também presentes em grupos populacionais asiaticos.

Fonte: Adaptado de https://www.familytreedna.com

Atualmente, grande parte das linhagens detectadas no Norte de Africa pertence,
ou tém raizes comuns, a haplogrupos Euroasiaticos [27]; existindo, no entanto, uma
contribuicéo subsaariana, com cerca de 17 % de linhagens pertencentes ao haplogrupo L

[28]. Por outro lado, na regido subsaariana, cerca de 92 % das linhagens [28] pertence
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ao haplogrupo L, apresentando uma distribuicdo variavel ao longo do continente. O
ramo LO é mais comum na regido Sul e Este de Africa (Figura 7). Por outro lado, o
haplogrupo L1 est& presente em maior frequéncia no Sudoeste africano (Figura 7). As
linhagens L2 sdo mais comuns no Sudeste e Centro-Oeste (Figura 7). O L3 tem a sua
frequéncia mais elevada no Sudoeste de Africa e Centro-Oeste (Figura 7). As linhagens
L4 e L5 sdo mais frequentes no Este do que em outras regides de Africa (Figura 7) [28].

Alguns ramos africanos foram previamente descritos como praticamente
exclusivos de certos grupos étnicos, como € caso das linhagens LOd e LOk que estdo
presentes apenas em  populagbes Khoisan [29-32].Haplétipos pertencentes ao
haplogrupos L sdo extremamente raros fora de Africa, expecto em regides geografica
que, ao longo da histéria humana, receberam fluxo genético deste continente, como é o

caso das populacdes miscigenadas da América.

Haplogrupos euroasiaticos

Os haplogrupos M, N e R aparentam ter idades muito semelhantes, o que indica
que, muito provavelmente, terdo participado do mesmo processo migratério,
relacionado com a saida de grupos populacionais da regido leste da Africa
(MACAULAY et al., 2005).

Atualmente, grande parte das linhagens maternas europeias pode ser inlcuida
nos haplogrupos N1, N2, X, RO, JT e U. Os haplogrupos derivados do ramo R (R, JT e
U) representam entre 80 % e 90 % da variagdo total do mitocondrial existente na
maioria das populagdes europeias.

Os haplogrupos U, HV, JT, N1, N2 e X podem ser encontrados na Europa,
Sudoeste asiatico e Norte de Africa. Por outro lado, os haplogrupos R5-R8, M2-M6 e
M4’67 estdo presentes apenas no Sul da Asia. Por ultimo, os haplogrupos A-G, Z e M7-
M9 encontram-se dispersos pelo Este asiatico (KIVISILD, 2015).
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Haplogrupos Nativo-americanos

Com a migragdo para o0 continente americano, 0S ancestrais nativo-americanos
foram-se separando das populacfes asiaticas e se tornando geneticamente distintos. No
entanto, atualmente é possivel detectar nos nativo-americanos linhagens maternas que
estdo presentes também em grupos asidticos: haplogrupos A, B, C, D e X
(BELLWOOD, 2014).

Figura 7 - Distribuigdo dos haplogrupos de mtDNA nas 5 regides de Africa
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Fonte: Adaptado de (CEREZO et al., 2016)
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As populacdes sul-americanas apresentam elevada diversidade étnica e
linguistica. No entanto, devido aos fortes efeitos de deriva génica a que estiveram
sujeitas, tem sido dificil relacionar a sua estrutura cultural com a composicdo genética.

Alguns haplogrupos nativos podem ser detectados ao longo de todo o
continente, como é o caso das linhagens A2, B2, Clb, Clc, C1d, D1 e D4h3a. Por outro
lado, existem haplogrupos nativos que aparentam ter uma distribuicdo geografica
especifica. Por exemplo, as linhagens D1j, D1g, B2i2 e C1b13 foram previamente
descritas como restritas ao cone sul da América do Sul (BODNER et al., 2012; DE
SAINT PIERRE et al., 2012a). Outras linhagens como D2a, D3 e X2a s6 foram até

agora encontradas em populagdes da América do Norte.

Aplicacao forense do mtDNA

A andlise do genoma mitocondrial ndo € aplicavel em diversos cenarios
forenses, uma vez que ndo permite a identificagdo individual, mas sim de linhagens
maternas. Contudo, em casos particulares, 0 mtDNA revela ser um marcador genético
uatil e a sua eficiéncia esta associada, principalmente, a duas das suas caracteristicas -
heranca materna e elevado nimero de copias.

A heranca materna é uma caracteristica que se torna vantajosa na auséncia de
familiares diretos de vitimas, que possam fornecer uma amostra referéncia. Neste
sentido, o estudo do genoma mitocondrial pode ser aplicado na andlise de restos
cadavéricos de pessoas desaparecidas, onde apenas é possivel fazer uma comparacgéo
com amostras de referéncia de familiares maternos. Pela auséncia de recombinacéo,
individuos pertencentes a mesma linhagem materna, mesmo que separados por varias
geragOes, apresentam o mesmo haplétipo de mtDNA e podem, por isso, servir como
referéncia em certas investigacdes forenses.

Apesar do DNA nuclear conter muito mais informagéo genética que o mtDNA,
apenas existem duas coOpias em cada célula, enquanto o genoma mitocondrial se
encontra repetido centenas de vezes numa unica célula. Aléem do mais, a estrutura
circular da molécula e o seu confinamento entre duas membranas garantem a
preservacao do contetido gendmico mitocondrial de forma mais eficiente. Desta forma,

a probabilidade de sobrevivéncia do mtDNA em condicBes extremas é superior a do
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nuclear. Esta caracteristica é vantajosa quando o material bioldgico é muito antigo e/ou
se encontra degradado, e 0 mtDNA € a unica fonte da qual é possivel obter perfis
genéticos. O elevado nimero de cdpias é ainda Gtil quando a quantidade de material
bioldgico disponivel para analise é reduzida, como por exemplo, em material genético
recolhido de cenas de crime.

A interpretacdo de um resultado de mMtDNA é geralmente obtida pela
comparacdo direta entre uma sequéncia de origem desconhecida (por exemplo,
proveniente de um vestigio encontrado no local do crime) e uma de origem conhecida
(por exemplo, amostra do suspeito). Cada laboratorio deve delinear as diretrizes a seguir
e determinar em que situacGes as sequéncias obtidas poderdo ser provenientes, ou nao,
de um mesmo individuo.

Quando dois perfis sdo idénticos, ndo se pode excluir a hipdtese de pertencerem
a individuos da mesma linhagem materna, sendo necessario estimar a frequéncia do
hapldtipo na populacdo. Esta é calculada a partir de bases de dados de referéncia,
representativas das populacdes em causa. S6 assim é possivel atribuir um peso
estatistico a prova apresentada em tribunal. Deste modo, os laboratorios forenses
recorrem a bases de dados proprias, ou disponiveis na literatura, que incluam sequéncias
relevantes no ambito da investigacao.

A mais conhecida base de dados de perfis de mtDNA aplicada a area forense é a
EMPOP - EDNAP forensic mtDNA population database (W; A, 2007), criada e mantida
pelo Instituto de Medicina Legal de Innsbruck. Todas as sequéncias la incluidas sofrem
um rigoroso controle de qualidade. A base de dados inclui atualmente tanto sequéncias
da regido controle, como SNPs da regido codificante e alguns mitogenomas completos.

O meétodo mais utilizado no célculo da probabilidade de coincidéncia entre
perfis de mtDNA tem por base a frequéncia do perfil numa determinada base de dados.
O calculo da frequéncia é feito por contagem direta, onde o nimero de coincidéncias é
dividido pelo numero total de perfis. Para tal, a composicéo da base de dados, isto &, o
seu tamanho e a sua representatividade geogréfica (origem e distribuicdo dos perfis
incluidos), é um fator importante que influencia o resultado do calculo da probabilidade
de coincidéncia. O numero e a sequéncia dos hapl6tipos podem variar entre diferentes
populacdes pelo que a precisdo e exatidao do valor de frequéncia obtido, a partir de uma
busca numa base dados, vai depender da representatividade da mesma (PEREIRA;
CUNHA; AMORIM, 2004).
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Problemas na analise do mtDNA

Existem varios problemas que podem dificultar a interpretacdo de resultados
com base em sequéncias do genoma mitocondrial, sendo os mais frequentes a
contaminacgéo entre amostras, o sequenciamento de pseudogenes nucleares e a presenca

de heteroplasmia.

Contaminacdes

A probabilidade de contaminacdo durante a manipulacdo do mtDNA € superior a
do DNA nuclear, por o primeiro apresentar um nimero superior de cOpias em cada
célula. De forma geral ndo é possivel obter resultados a partir de amostras que
apresentem mistura, pela complexidade do sinal obtido nas sequencias analisadas. Mais
ainda, a proporcao entre a altura dos picos correspondentes a duas bases diferentes é
aleatoria, ndo garantindo a identificacdo de proporcdo de cada componente, uma vez
que a taxa de incorporacao de nucleotideos pode variar.

A analise de misturas tem sido mais aprofundada nos dltimos anos, com a
implementacdo de tecnologias de sequenciamento paralelo massivo na andlise de
mtDNA, uma vez que séo identificadas misturas que ndo eram antes detectadas, quando
usadas metodologias convencionais de sequenciamento.

Para evitar a ocorréncia de contaminagdo e minimizar a presenca de erros nos
resultados apresentados, devem ser tomadas medidas de prevengdo. Tully et al.
(TULLY et al., 2001) e Parson et al. (PARSON et al., 2014a) propuseram varias
medidas preventivas, algumas das quais sdo habituais em qualquer analise de DNA em
investigacOes forenses, como sejam: a separacdo entre as zonas de Pre- e Pos-PCR; o
tratamento de amostras de referéncia e problema em separado; o uso de controles
positivos e negativos; o uso de material descontaminado; e a analise em duplicatas.

Pseudogenes nucleares
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Os NUMTSs (do inglés NUclear Mitochondrial DNA segments) sdo pseudogenes
nucleares resultantes de por¢es do genoma mitocondrial que migraram e se integraram
no genoma nuclear (BUTLER, 2005). Na presenca de amostras de qualidade e/ou
quantidade reduzidas é por vezes necessario alterar condi¢des da PCR, por aumento do
numero de ciclos e/ou diminuicdo da temperatura de anneling dos primers. Esta
diminuicdo da especificidade da PCR pode levar a amplificacdo de pseudogenes
nucleares, 0s quais aparecem como contaminagéo no resultado de mtDNA.

Heteroplasmia

O fenbmeno caracterizado pela presenca de diferentes moléculas de mtDNA
numa Unica mitocdndria, numa unica celula, num tecido ou num mesmo individuo,
denomina-se por heteroplasmia. A condicdo oposta, onde todas as moléculas
apresentam sequéncias idénticas, &€ denominada homoplasmia. A analise de resultados
de mtDNA pode ser dificultada pela presenca sequéncias de mtDNA diferentes,
pertencentes ao mesmo individuo. A heteroplasmia pode estar associada a inser¢des
e/ou delecBes, o que faz variar o comprimento das sequéncias de mtDNA presentes num
mesmo individuo e é por isso denominada por heteroplasmia de comprimento (Figura
8a). Por outro lado, se a heteroplasmia resultar de substituicdes, denomina-se por
heteroplasmia de posicéo (Figura 8b) (MELTON, 2004).

A presenga de heteroplasmia é um dos fatores que mais dificulta a interpretacéo
de resultados de mtDNA.. Para evitar erros de interpretacdo, a analise de uma posi¢do ou
regido heteroplasmica deve ser confirmada pelo sequenciamento em duplicata, de
preferéncia utilizando-se primers diferentes.

Para que haja uma padronizacéo e consisténcia nos resultados publicados, a Sociedade
Internacional de Genética Forense (ISFG, do inglés International Society for Forensic
Genetics) publicou diretrizes detalhadas para classificacdo de sequéncias heteroplasmicas
(PARSON et al., 2014b). Nas heteroplasmias de comprimento, foi recomendado reportar a
variante heteroplasmica dominante, isto €, aquela que esta presente em maior frequéncia. No caso
das heteroplasmias de posicdo, a anotacdo deve ser realizada de acordo com os codigos de
nomenclatura da IUPAC (do inglés International Union of Pure and Applied Chemistry) (Tabela
2).
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Figura 8 - Exemplos de sequéncias de mtDNA com heteroplasmia
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Legenda: a) heteroplasmia de comprimento e b) heteroplasmia de posicdo (apontada pela seta vermelha)

Tabela 2 - Codigos IUPAC

Codigo | Traducdo

C,GouT

A GouT

ACouT

A CouG

AouG

CouT

GouT

AouC

GouC

AouT

zZ|s|v|Z|R|<|D<L|T|O|®

Qualquer base

Populac6es da América do Sul

Em 1920, o antropélogo Ales Hrdlicka publicou as suas teorias sobre a
colonizacdo do continente americano pelo Homem moderno, indicando a regido da

Sibéria como possivel origem para as populagdes Nativo-americanas. Mais
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recentemente, dados arqueoldgicos, linguisticos e genéticos vieram corroborar esta
hipotese e esclarecer as possiveis rotas migratorias pelo continente (GOEBEL;
WATERS; O’ROURKE, 2008). Assim, os primeiros colonizadores teriam chegado a
Ameérica pela regido da Beringia, durante o periodo Pleistoceno. A concentracdo de
precipitacdio a elevadas altitudes teria levado a formacdo de glaciares e,
consequentemente, a diminui¢do do nivel do mar, que teria exposto a regido continental
do Mar Bering e aberto caminho térreo entre as atuais regides do Alasca e Sibéria
(Figura 9). A posterior dispersdo para o resto do continente teria sido rapida, a partir de
um numero reduzido de fundadores, motivo pelo qual se encontram padrdes genéticos
iguais ao longo de todo o territrio americano (BELLWOOD, 2014; BONATTO;
SALZANO, 1997; SCHURR, 2004).

A entrada e dispersdo dos Nativo-americanos no Sul do continente é explicada
por duas principais teorias. Por um lado, teoriza-se que 0s grupos populacionais
oriundos da regido Norte teriam seguido pela costa até ao Sul e, mais tarde teriam
atravessado a cordilheira dos Andes em diferentes latitudes. Por outro lado, pensa-se
que teria havido uma separacao aleatoria dos grupos populacionais na regido norte da
Ameérica do Sul, com dois movimentos migratério distintos: um para a regido da costa
(oeste) e outro para o interior do continente (leste) (Figura 9). Esta tltima hipotese tem
sido corroborada com diversos estudos genéticos que relatam uma diferenca na
diversidade encontrada entre as regides leste e oeste do subcontinente (BELLWOOD,
2014; BODNER et al., 2012; ROTHHAMMER; DILLEHAY, 2009; YANG et al.,
2010).
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Figura 9 - Entrada e dispersdo do Homem moderno no continente americano
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Fonte: Adaptado de https://infograph.venngage.com/p/207291/peopling-of-the-new-world

No inicio do século XVI, a composic¢do genética das populacdes americanas foi
fortemente influenciada com a chegada dos colonizadores europeus e o trafico
transatlantico de escravos (HOMBURGER et al., 2015; MESA et al., 2000; SALAS et
al., 2004, 2005). Nos dias de hoje, a América do Sul é caracterizada por uma elevada
riqueza bioldgica e diversidade cultural e étnica.

A contribuigdo diferencial de nativo-americanos, colonizadores europeus e
escravos africanos para o background genético das populagbes do subcontinente sul
americano, fundamenta a necessidade de construgdo de bancos de dados de DNA que
permitam capturar a alta diversidade e heterogeneidade genética presente nos diferentes
grupos populacionais. Por outro lado, o detalhamento da composi¢do genética coadjuva
na compreensdo dos movimentos migratorios que deram origem as populagdes sul-

americanas atuais.
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Rio de Janeiro

O Brasil esta localizado na costa Atlantica da América do Sul, com uma
extensdo litoral de cerca de 7 mil km. Faz fronteira com os restantes paises da América
do Sul, exceto Equador e Chile. O Rio de Janeiro é o estado do Brasil com a maior
densidade demografica e esta localizado na regido Sudeste do pais (Figura 10).

Os navegadores portugueses chegaram ao Brasil pela primeira vez no ano de
1500 e, desde os primeiros anos de colonizacdo, o territério tornou-se um forte
fornecedor de matérias-primas para o comércio europeu. No Século XVII, o Rio de
Janeiro tornou-se um dos portos maritimos mais importantes de exportagdo do pais,
apos a descoberta de ouro e diamantes em Minas Gerais, a capitania vizinha. Por esta
altura, com o aumento do comércio e a constante necessidade de trabalho operario,
tornou-se comum a prética de escravatura, primeiro direcionada para o0s nativo-
americanos e mais tarde para os africanos (JAFFARY, 2016; LOCKARD, 2014).

Figura 10 - Mapa do Brasil, destacando as 5 regides geogréaficas

Rio de Janeiro
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Antes do periodo de colonizacéo, cerca de 2,4 milhdes de pessoas habitavam o
territdrio que hoje abrange o Brasil, distribuidos por dois principais grupos linguisticos:
Tupi e Tapuias (este Ultimo refere-se a grupos ndo Tupi e inclui majoritariamente
falantes do macro grupo Je). O grupo Tupi esta incluido na familia linguistica Tupi-
Guarani, que compreende mais de 40 grupos distribuidos pela América do Sul.
Atualmente, os Tupi-Guarani habitam também regides da Bolivia, Peru, Argentina,
Paraguai, Guiana Francesa, Venezuela e Colémbia. A chegada dos colonizadores
europeus, os individuos Tupi que ocupavam o territorio brasileiro estavam distribuidos,
majoritariamente, por dois principais grupos: os Mundurucu, que habitavam a regido
Centro-Oeste, no atual estado de Mato Grosso; e os Tupinambas, que habitavam as
areas da costa, desde o sul (atual regido do Rio de Janeiro), passando pela Bahia, até ao
Norte (estado do Maranhdo) (MEADE, 2009). Apds os 300 anos de colonizacao
portuguesa, 0 numero de nativos no Brasil reduziu drasticamente para cerca de 1
milhdo, devido a fendbmenos como doencas epidémicas (JAFFARY, 2016; The
Cambridge History of Latin America, 2008).

Entre 1820 (ano da independéncia do Brasil) e 1970, estima-se que cerca de 5,6
milhGes de migrantes estrangeiros terdo chegado ao Brasil (COHEN, 2010). A
nacionalidade portuguesa sempre predominou no Rio de Janeiro, assim como na
maioria das regides do Brasil. Para além da primeira vaga de migrantes portugueses
durante o século XVI, um grande numero também viajou para o Rio de Janeiro, no
inicio do século XX.

A ancestralidade africana da populacdo brasileira atual resulta, na sua maioria,
do periodo de escravatura, em que um elevado numero de escravos africanos foi
enviado para o Brasil (ARAUJO, 2015; BETHELL, 2011), transportados,
principalmente, das regides Centro-Oeste, Sudoeste e Sudeste de Africa. Entre o final
do século XVII e meados do século XVIII, o porto do Rio de Janeiro foi um dos
maiores importadores de escravos para o0 Brasil, com grande nimero de africanos
vindos das regides Centro-Oeste e Sudoeste de Africa (KLEIN; LUNA, 2009) (Figura
11).
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Figura 11- Principais portos de trafico de escravos em Africa
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Varios estudos tém sido desenvolvidos na tentativa de clarificar a historia das
populacdes brasileiras, com a descricdo dos padrbes de variacdo da ancestralidade
genéticas ao longo do pais.

Os estudos com base na anélise de marcadores autossémicos revelaram uma
prevaléncia de ancestralidade europeia ao longo de todo o territério brasileiro, com
valores maximos no Sul (LINS et al., 2011; PENA et al., 2011; SALOUM DE NEVES
MANTA et al.,, 2013; SANTOS et al., 2016, 2010). O mesmo foi observado para
marcadores localizados no cromossomo Y que descrevem a ancestralidade paterna (DE
F. FIGUEIREDO et al.,, 2016; OLIVEIRA et al., 2014; RESQUE et al., 2016). A
ancestralidade materna europeia foi também predominante no Sul. No entanto, nas
outras regides geogréficas do Brasil, as propor¢oes de ancestralidade materna africana e
nativa foram superiores (ALVES-SILVA et al.,, 2000; BARBOSA et al.,, 2008;
BERNARDO et al., 2014; FRIDMAN et al., 2014; PALENCIA et al., 2010; PRIETO et
al., 2011; SANCHES et al., 2014).

No que diz respeito ao caso particular do Rio de Janeiro, alguns trabalhos

focaram-se no estudo de marcadores do cromossomo Y e autossomicos. Em ambos os
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casos se observou uma elevada proporcao de ancestralidade europeia (ANA et al., 2017;
JANNUZZI et al., 2018; OLIVEIRA et al., 2014).

Outros estudos focaram-se no estudo da ancestralidade materna do Rio de
Janeiro. Em 2007, Bernardo e colaboradores (BERNARDO et al., 2014) analisaram as
regides HVSI e HVSII do mtDNA, numa amostra de 190 individuos do Rio de Janeiro.
No seu estudo, obtiveram uma elevada diversidade haplotipica (0,9994 + 0,0006), onde
a maior porcentagem de haplétipos pertence a haplogrupos africanos (57,9 %). Fridman
et al. (2014) (FRIDMAN et al., 2014) analisaram a regido controle do mtDNA de um
grupo de amostras do Rio de Janeiro, em conjunto com amostras de outros estados do
Sudeste brasileiro. A porcentagem de linhagens maternas nativo-americanas e africanas,

encontradas na regido Sudeste, foi muito semelhante (36,9 % e 35,2 %, respetivamente).

Paraguai

Os primeiros ocupantes do territério do Paraguai terdo sido indigenas cacadores-
recoletores. Posteriormente, individuos pertencentes a familia linguistica Tupi-Guarani
chegaram & regido e, apresentando um estilo de vida menos némade, estabeleceram-se
no territorio. Antes da chegada dos colonizadores espanhois no século XVI, a regido
Este do Paraguai era ocupada por grupos Guarani, enquanto a regido Oeste
compreendia, pelo menos, 5 grupos linguisticos diferentes (JERMYN; LIN, 2010).

Com a chegada dos colonizadores europeus ao territdrio, foi criada a primeira
cidade espanhola, Assuncdo (ano de 1537) (HEBBLETHWAITE, 2014; LAMBERT,
2012). No entanto, a inexisténcia de riqueza mineral rapidamente diminuiu o interesse
dos espanhdis no territorio e o Paraguai tornou-se numa regido isolada,
geograficamente, culturalmente e politicamente separada das outras forgas econémicas
do periodo colonial na América do Sul. Os poucos colonizadores que permaneceram no
territorio implementaram o uso de trabalho forcado em nativos e africanos
(HEBBLETHWAITE, 2014).

Durante a “Guerra da Triplice Alianga”, lutada pelo Paraguai contra Argentina,
Brasil e Uruguai, entre os anos de 1865 e 1870, o pais sofreu uma reducdo no efetivo
populacional para menos de metade (WARREN, 1985). Com o final da guerra, a

imigracdo para o territorio foi encorajada, resultando na entrada de um grande nimero
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de individuos Euroasiaticos (maioritariamente Italianos, Alemdes, Franceses,
Espanhois, Coreanos e Japoneses). Dados estatisticos indicam que, atualmente, mais de
90 % dos imigrantes no Paraguai chegam dos paises vizinhos Brasil e Argentina
(GLOBAL; 11, 2004).

O Paraguai ¢ separado pelo rio Parand em duas regides geograficas: regido Este
ou oriental (também conhecida como Paranefia) e a regido Oeste ou ocidental (também
conhecida como Chaco) (HEBBLETHWAITE, 2014). O pais compreende 17
departamentos, 14 dos quais estdo localizados na regido Este, onde 98 % da populagéo
vive. Pelos eventos historicos descritos anteriormente, a populacdo do Paraguai
apresenta uma composicao étnica peculiar, diferente de outros paises da América do
Sul.

S&o poucos os estudos publicados que descrevem a composicdo genética de
populacdes miscigenadas ou nativas do Paraguai (CATANESI et al., 2007; E et al.,
2003; RIBEIRO et al., 2018; VULLO et al., 2016).

Relativamente a ancestralidade materna do Paraguai, dois estudos foram
publicados incluindo apenas a analise da regido HVSI do mtDNA em grupos nativos
(DORNELLES et al., 2004; SCHMITT et al., 2004). Dorneles et al. (DORNELLES et
al., 2004) sequenciaram a regido HVSI (entre as posi¢cOes 16024 e 16384), em 34
nativos Ayoreo da regido do Chaco, nos quais aproximadamente 80 % das amostras
pertencem ao haplogrupo C e as restantes ao haplogrupo D. Schmitt et al. (SCHMITT et
al., 2004) estudaram o segmento HVSI em 64 individuos pertencentes ao grupo étnico
Ache (familia linguistica Tupi-Guarani) do Este do Paraguai. Em contraste com o que
foi observado para a regido Oeste, todos o0s hapl6tipos pertencem aos haplogrupos B (90
%) e A (10 %).

0
@D
-
<

O Peru estende-se ao longo da costa Pacifica Sul do continente americano e esta
limitado a Norte pelo Equador e pela Colémbia, a Este pelo Brasil e Bolivia e a Sul pelo
Chile. A regido costeira apresenta a maior densidade demografica (HUNEFELDT,
2010). Assim, grande parte da populacdo indigena ocupa regides de planalto ao longo
da costa. No entanto, uma porcdo menor esta fixada na floresta tropical, distribuida por
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quatro principais grupos linguisticos: Arawak, Carib, Tupi e Je. Pensa-se que 0S
individuos da familia linguistica Arawak terdo sido responsaveis por uma das principais
didsporas na América do Sul no periodo pré-colonial e, a chegada dos colonizadores,
encontravam-se dispersos por diversas regides do subcontinente (Figura 12). Existem
diferentes hipoOteses para a origem e posterior dispersdo deste grupo linguistico na
América do Sul. Dados arqueoldgicos, linguisticos e historicos indicam que esta familia
linguistica teré tido origem no norte da Amazonia, entre o Rio Negro e o Orinoco, com
posterior dispersdo ao longo destes (HILL; SANTOS-GRANERO, 2006). No entanto,
mais recentemente tem sido especulado que a sua origem podera estar na regido
Ocidental da Amazo6nia com posterior dispersdo para o Caribe (WALKER; RIBEIRO,
2011). Os Ashaninka, pertencentes a familia linguistica Arawak, sdo 0 maior grupo
indigena amazénico do Peru e estdo distribuidos por diversos departamentos: Ayacucho,
Cusco, Huanuco, Junin, Pasco e Lima. Segundo o censo peruano de 2009, cerca de
88.000 Ashaninkas viviam no pais a data (HUNEFELDT; HARRIS, 2004; MCEWAN,
2006).

Logo ap6s a conquista do territorio peruano por colonizadores espanhois, em
1532, deu-se inicio a um processo de mistura étnica, ocorrendo principalmente entre
homens europeus e mulheres indigenas. Como aconteceu em outros territorios, na época
colonial, um grande ndmero de escravos africanos foi levado para o Peru
(PAERREGAARD, 2008). Apb6s a independéncia em 1821, o governo peruano
estimulou a migracdo para o territorio, com a implementacdo de regulamentacGes para
ocupacdo de éareas rurais, resultando na chegada de um numero considerdvel de
imigrantes vindos de Italia, Portugal, Alemanha, Bélgica e Croacia. Com o final da
escravatura, em 1854, e 0 aumento da necessidade de mé&o de obra, centenas de milhares
de chineses e japoneses chegaram também ao Peru, principalmente entre a segunda
metade do seculo XIX e inicio do século XX (PAERREGAARD, 2008).

Nos dias de hoje, o Peru € uma sociedade multiétnica com mistura de varias
culturas, em especial espanhola, africana e indigena.

Vérios estudos tém sido publicados com o objetivo de revelar a composicao
genética de populagGes miscigenadas e nativas da regido andina do Peru, com recurso a
marcadores autossomicos (por exemplo (HOMBURGER et al., 2015; MESSINA et al.,
2018)), marcadores da regido ndo recombinante do cromossomo Y (por exemplo (JOTA
et al., 2016; SANDOVAL et al., 2016)) e da molécula do mtDNA (por exemplo
(BRANDINI et al., 2018; MESSINA et al., 2018; SANDOVAL et al., 2016)). No
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entanto, pela sua localizacao e isolamento geogréafico, os grupos indigenas amazénicos
encontram-se pouco representados em analises populacionais.

Os poucos estudos com foco nas linhagens maternas de populagGes amazonicas
incluem apenas a analise de alguns segmentos da regido controle do mtDNA e/ou de um
numero reduzido de individuos (BARBIERI et al., 2014; DI CORCIA et al., 2017).

Figura 12 - Distribuicdo dos principais grupos Arawak (cinza escuro), a chegada dos
colonizadores europeus
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Legenda: Areas ocupadas por individuos da familia linguistica Arawak na América do Sul (cinza escuro)
aquando da chegada Europeia. Areas ocupadas por individuos de outras familias linguisticas na
América do Sul (cinza claro) aquando da chegada Europeia.

Fonte: (HILL; SANTOS-GRANERO, 2006)
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1 OBJETIVOS

1.1 Objetivos gerais

O presente trabalho de doutorado teve como finalidade estudar a ancestralidade
materna de populagcbes da América do Sul, através da andlise de polimorfismos
localizados na molécula de mtDNA. Por um lado, pretendeu-se contribuir para o
desenvolvimento de bases de dados de sequéncias de mtDNA de elevada qualidade,
representativas das populacdes do Rio de Janeiro, Paraguai e Ashaninka do Peru, que
possam ser utilizadas para fins forenses.

Por outro lado, com a descricdo detalhada das linhagens maternas, pretendeu-se
perceber de que forma os diferentes padrbes migratorios terdo influenciado a
composicao genética das populacdes atuais da América do Sul, através do estudo de trés

populagbes com historias muito diversas.

1.2 Objetivos especificos

Por forma a cumprir o objetivo geral proposto, foram determinados os seguintes
objetivos especificos:

a) Caracterizar o patriménio genético de um grupo populacional de
individuos ndo relacionados entre si, residentes na cidade do Rio de
Janeiro, quanto a sua ancestralidade materna, através do sequenciamento
da regido controle do mtDNA, pela metodologia de sequenciamento de
Sanger;

b) Elaborar uma base de dados representativa da regido e interpretar a
origem das linhagens maternas obtidas. Com base no patriménio
genético materno comprovadamente africano, europeu e nativo-
americano comparar as amostras brasileiras com aquelas ja descritas na
literatura, através da analise das distancias genéticas entre pares de

populagdes;
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c) Caracterizar o patriménio genético de individuos residentes no Paraguai
quanto a sua ancestralidade materna, através do sequenciamento da
regido controle do mtDNA, pela metodologia de sequenciamento de
Sanger;

d) Com base no patrimbnio genético materno comprovadamente africano,
europeu e nativo-americano, comparar as amostras paraguaias com
aquelas ja descritas na literatura, através da andlise das distancias
genéticas entre pares de populagdes;

e) Caracterizar o patrimdnio genético de origem materna de individuos
pertencentes ao grupo linguistico Ashaninka do Peru, através do
sequenciamento da regido controle do mtDNA, pela metodologia de
sequenciamento de Sanger;

f) Com base no patrimdnio genético materno, comparar as amostras
peruanas com aquelas ja descritas na literatura, atraves da analise das
distancias genéticas entre pares de populacdes;

g) Caracterizar o patrimbnio genético de individuos residentes no Alto
Parana, Paraguai, quanto a sua ancestralidade materna, atraves do
sequenciamento de mitogenomas, pela metodologia de sequenciamento
paralelo massivo. Com base no patriménio genético materno
comprovadamente africano, europeu e nativo-americano, comparar as
amostras paraguaias com aquelas ja descritas na literatura, através da
andlise das distancias genéticas entre pares de populacdes;

h) Caracterizar haplotipos pertencentes ao haplogrupo
B2+16051G+16129A+152C da populacdo Ashaninka, através de
metodologias de sequenciamento paralelo massivo. Comparar 0s
polimorfismos caracteristicos das linhagens B2 com os descritos para
outras populacdes Arawak e investigar a sua possivel relagéo;

1) Comparar os resultados obtidos nas 3 populagdes analisadas e fazer a sua
interpretacdo a luz dos conhecimentos sobre a historia destas

populagdes.
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2 METODOLOGIA

2.1 Selecéo das amostras

Em todas as coletas realizadas, os participantes assinaram consentimento
individual informado, concordando com a sua participacdo nos estudos, sob condicOes

estritamente confidenciais.

2.1.1 Rio de Janeiro

Foram coletadas manchas de sangue de 205 individuos ndo relacionados entre si,
residentes na regido metropolitana do Rio de Janeiro (Figura 13). A coleta foi realizada
no Laboratdrio de diagnostico por DNA da Universidade do Estado do Rio de Janeiro, a
voluntarios que se apresentaram no laboratorio, apés divulgacao do projeto.

O estudo destas amostras foi aprovado pelo Comité de ética da Universidade do
Estado do Rio de Janeiro (CAAE: 34301714.7.0000.5259).

O DNA foi extraido a partir de manchas de sangue depositadas em papel FTA®,
utilizando o resina quelante Chelex® 100 (BioRad) a 5%, de acordo com a técnica
desenvolvida por Walsh e colaboradores, em 1991 (WALSH; METZGER; HIGUCHI,
1991). O produto extraido manteve-se armazenado a 4 °C.

Estas amostras foram previamente estudadas para um conjunto de 46 marcadores
autossomicos informativos de ancestralidade (AlMs, do inglés Ancestry Informative
Markers) (PEREIRA et al., 2012).

2.1.2 Paraguai

Um total de 299 manchas de sangue foi coletado de individuos do sexo

masculino residentes em 13 departamentos do Paraguai: Alto Parana (n = 36), Caaguazu
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(n = 15), Caazapa (n = 6), Canindeyu (n = 1), Central (n = 74), Concepcion (n = 3),
Cordillera (n = 13), Guaira (n = 95), Itapta (n = 14), Misiones (n =5), Neembuci (n
=1), Paraguari (n = 34), San Pedro (n = 1), sem informacéo (n = 1) (Figura 13 e Figura
14).

O estudo destas amostras foi aprovado pelo comité de ética em investigacéo
clinica do Instituto de prevido social, Assun¢do, Paraguai. A coleta foi realizada nos
respectivos departamentos, em colaboragdo com o Instituto de Prevision Social,
Asuncion, Paraguai, a Legislacion Farmacéutica, Universidad Catolica, Hernandarias,
Paraguai e o Hospital Regional, Encarnacion, Paraguai.

O DNA foi extraido a partir de manchas de sangue depositadas em papel FTA®,
utilizando o reagente Chelex® 100 (BioRad) a 5%, pela técnica descrita por Walsh e
colaboradores, em 1991 (Walsh et al. 1991). O produto extraido manteve-se
armazenado a 4 °C.

Este grupo de amostras faz parte de uma colaboragdo do Laboratério de
Diagnostico por DNA da UERJ com o EAAF (Equipo Argentino de Antropologia

Forense) em Cérdoba, Argentina.

2.1.3 Peru

Um total de 171 amostras de sangue foi coletado de individuos nédo relacionados
entre si, pertencentes a 41 comunidades localizadas nas margens dos Rios Pichis e
Palcazu, no distrito de Puerto Bermudez, regido de Pasco, Peru (Figura 13).

O estudo destas amostras foi aprovado pelo pela Associacion de Comunidades
Ashaninka del Valle Pichis, Distrito de Puerto Bermudez, Provincia de Oxampampa,
Departamento de Pasco — Republica do Peru (Registo Publico n° 11006635)

O DNA foi extraido a partir de manchas de sangue depositadas em papel de
filtro, através de um protocolo padrdo de fenol-cloroférmio (Anexo A).

As amostras do grupo linguistico Ashaninka foram obtidas através de uma
colaboragdo com Dean Herman Tineo, aluno de mestrado da Universidad Nacional
Mayor de San Marcos, Lima, Peru, o qual procedeu a coleta das mesmas nas regides

referidas anteriormente.



Figura 13 - Locais de coleta das amostras
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Figura 14 - Mapa dos departamentos do Paraguai

Legenda: A azul (nimeros 1 a 3) estdo representadas as provincias Oeste do Paraguai, pertencentes a
regido Gran Chaco; a verde (nimeros 4 a 17) as provincias a Este do rio Paraguai, das quais
foram coletadas amostras para o presente estudo. 1 - Alto Paraguay, 2 - Boquerén, 3 -
Presidente Hayes, 4 - Concepcion, 5 - Amambay, 6 - San Pedro, 7 - Canindey, 8 - Cordillera,
9 - Caaguazu, 10 - Alto Parana, 11 - Central, 12 - Paraguari, 13 - Guaira, 14 - Caazapa, 15 -
Neembucu, 16 - Misiones, 17 - ItapGa.

2.2 Sequenciamento do mtDNA

2.2.1 Sequenciamento de Sanger

2.2.1.1 Rio de Janeiro

A regido controle do mtDNA (entre as posi¢des nucleotidicas 16024 e 576) foi
amplificada utilizando o reagente Qiagen multiplex PCR mix (Qiagen). Para um volume
de reacdo de 5 pl foram utilizados 2,5 pl de kit Qiagen, 0,5 pl da mistura de primers
direto e reverso, 0,5 pul do produto extraido e 1,5 pl de H,O. Os primers utilizados
foram o L15997 (5’- CAC CAT TAG CAC CCA AAG CT -3’) e H639 (5’- GGG TGA
TGT GAG CCC GTC TA -3’), a uma concentracdo de 0,2 uM cada. A reacdo de PCR
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iniciou-se com um passo de desnaturacao a 95 °C durante 10 min, seguida de 35 ciclos
de 94 °C durante 30 s, 60 °C por 90 s, e 72 °C durante 60 s, e finalizou-se com um passo
de extensdo de 72 °C durante 10 min. A purificagdo do produto amplificado foi
executada com as enzimas exonuclease | e fosfatase alcalina de camardo, combinadas
no reagente ExoSap-IT (GE Healthcare). Por cada 5 pl de produto amplificado foram
utilizados 2 pl de ExoSap-IT. A ativacdo das enzimas foi efetuada a 37 °C por 15 min,
seguida da inativagdo a 80 °C por 15 min. No sequenciamento foi utilizado o kit Big
Dye Terminator v3.1 (Applied Biosystems), juntamente com os primeirs diretos
L15997 e L16555 (5’- CCC ACA CGT TCC CCT TAA AT -3’) e os primers reversos
HO16 (5°- CCC GTG AGT GGT TAA TAG GGT - 3’) e H639. Para um volume final
de 5 pl foram utilizados 1 pul de BigDye, 1 ul de Buffer, 0,5 pl de primer a 2,5 uM, 2 pl
de H,O e 0,5 ul do produto purificado. As condicdes de sequenciamento foram as
seguintes: desnaturacdo inicial a 92 °C por 2 min, um total de 35 ciclos com
temperaturas de 96 °C por 15 s, 50 °C por 9 s, e 60 °C por 2 min, terminando com uma
extensdo final a 60 °C durante 10 min. A purificacdo final, para remoc¢do dos ddNTPs
livres, foi realizada através da passagem do produto de sequenciamento por colunas de
Sephadex (Illustra Sephadex DNA Grade; GE Healthcare). A separacdo e deteccdo das
sequéncias foram realizadas por eletroforese capilar no aparelho ABI 3500 (Applied
Biosystems).

Seguindo as recomendac6es de Parson e Bandelt (PARSON; BANDELT, 2007),
em casos onde a dupla cobertura ndo foi atingida no sequenciamento com 0s primers
referidos anteriormente, foi realizada uma segunda amplificagdo com os primers
L15900 (5’-TAAACTAATACACCAGTCTTGTAAACC-3") e H599 (5°-
TTGAGGAGGTAAGCTACATA-3’). O sequenciamento foi posteriormente efetuado
com os primers L15900, L16268 (5’-CACTAGGATACCAACAAACC-3"), HO016 e
H599, seguindo as condic¢bes previamente descritas. Nas amostras em que foi observada
heteroplasmia de comprimento associada a inser¢des AC entre as posicdes 513 e 525
e/ou pela transicdo na posicdo 460, o sequenciamento foi também obtido com os
primers L314 (5-CCGCTTCTGGCCACAGCACT-3"), H338 (5°-
GTTTAAGTGCTGTGGCCAGAAG-3’) e H484 (5'-TGAGATTAGTAGTATGGGAG-
3.

As sequéncias de mtDNA foram comparadas com a rCRS, através do software
SeqScape v2.7. Na classificagdo dos haplotipos seguiram-se as diretrizes propostas pela
ISFG (PARSON et al., 2014a).
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2.2.1.2 Peru e Paraguai

A regido controle do mtDNA (entre as posi¢des nucleotidicas 16.024 e 576) foi
amplificada numa reacédo de 25 ul, com os seguintes componentes: 15,8 ul de H,0, 2.5
pl de tampédo 10x, 2,5 pl de BSA a 2,5 mg/ml, 2 ul de dNTPs a 10 mM, 0,3 ul do
primer direto L15851 (5" ATC TCC CTA ATT GAA AAC AAAATACTC AAAZ3 )a
10 uM, 0,3 pl do primer reverso H639 (5°- GGG TGA TGT GAG CCCGTC TA-3") a
10 uM, 0,2 pl da polimerase Advantage (Clotech) a 5U/ul e 1 pl de produto extraido. A
reacdo de PCR iniciou-se com um passo de desnaturacdo a 95 °C durante 2 min, seguida
de 35 ciclos de 95 °C durante 15 s, 56 °C por 30 s, e 72 °C durante 90 s, e finalizou-se
com um passo de extensdo de 72 °C durante 10 min. A purificacdo do produto
amplificado foi executada com as enzimas exonuclease | e fosfatase alcalina de
camardo, combinadas no reagente ExoSap-IT (GE Healthcare), Por cada 5 pl de produto
amplificado foram utilizados 2 pl de ExoSap-IT. A ativagdo das enzimas foi efetuada a
37 °C por 15 min, seguida da inativacdo a 80 °C por 15 min. O sequenciamento foi
efetuado com o kit de Big Dye Terminator v1.1 (AppliedBiosystems), juntamente com
os primers L15971, L16268 (5' CAC TAG GAT ACC AAC AAA CC 3), L15 (5' CAC
CCT ATT AAC CAC TCA CG 3", H16 (5 TGA TAG ACC TGT GAT CCA TCG
TGA 3", L314 (5' CCG CTT CTG GCC ACA GCA CT 3') e H639. Para um volume
final de 10 pl foram utilizados 2 pl de BigDye, 2 ul de Buffer, 0,3 ul de primer a 10
UM, 3,7 pl de H,O e 2 pl do produto purificado. As condi¢bes de sequenciamento
foram: desnaturacéo inicial a 96 °C por 1 min, um total de 25 ciclos com temperaturas
de 95 °C por 15 s, 50 °C por 5 s, e 60 °C por 4 min. A purificacdo final, para remocéo
dos ddNTPs livres, foi realizada através da passagem do produto de sequenciamento por
colunas de Sephadex (lllustraSephadex DNA Grade; GE Healthcare). A separacéo e
deteccdo das sequéncias foram realizadas por eletroforese capilar no aparelho ABI 3500
(AppliedBiosystems).

As sequéncias de mtDNA obtidas foram comparadas com a rCRS, através do
software Sequencher v.4.9 (Gene Codes). Para a classificacdo dos haplétipos, seguiram-
se as diretrizes propostas pela ISFG (PARSON et al., 2014a).
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2.2.2 Seguenciamento massivo paralelo

A preparacdo da biblioteca para os mitogenomas foi realizada com os Kits
Precision ID mtDNA Whole Genome Panel e Ampliseq Library. Na amplificacdo, foram
utilizados dois pools com 81 pares de primers cada, que geraram um total de 162
amplicdes, com um tamanho médio de 163 pbs e uma sobreposicao entre amplicdes de
11 pbs (Figura 15a). Usou-se 0 método conservativo de amplificacdo, no qual os dois
pools de primers foram amplificados em reagdes separadas de 10 pl, que foram
posteriormente misturadas (volume final de 20 ul). As regifes de interesse foram
amplificadas de acordo com as seguintes condi¢fes: ativagdo enzimatica a 99 °C por 2
min, seguida de 18 ciclos de desnaturacdo a 99 °C por 15 s, annealing e extensao a 60
°C por 4 min (Figura 15b). Apds digestdo de primers com o reagente FUuPA, o0s
adaptadores lonCode foram ligados a cada amostra (Figura 15a). Para limpeza da reagéo
e remocdo de dimeros dos adaptadores, foi utilizado o reagente AMPure XP. A
quantificacdo foi realizada com o kit lon Library Tag Man Quantitation kit (Thermo
Fisher Scientific). Para balancear a concentracdo, as amostras foram diluidas a uma
concentracdo de 30 pM. Os chips foram carregados automaticamente no instrumento
lon Chef (Thermo Fisher Scientific) e as amostras sequenciadas no instrumento lon S5
(Thermo Fisher Scientific) (Figura 15c). Neste procedimento, a sequenciacdo é
realizada por sintese, onde a cadeia complementar é construida com base numa
sequéncia template. O chip contendo os fragmentos de mtDNA a sequenciar &
“inundado” com uma unica espécie de dNTPs de cada vez (Figura 15c). Caso o dNTP
seja complementar, a incorporacdo do nucleotideo ira libertar iGes de hidrogénio,
detectados por um sensor (Figura 15¢). Na presenca de homopolimeros, a incorporacédo
de mais de um dNTP leva a um maior nimero de ides de hidrogénio libertados e
aumento proporcional da intensidade de sinal (Figura 15d).

As sequéncias foram comparadas com a sequéncia de referéncia de Cambridge
revista (rCRS) (ANDREWS et al., 1999), no software IGV v 2.4.10 (ROBINSON et al.,
2011; THORVALDSDOTTIR; ROBINSON; MESIROV, 2013), de acordo com as
directrizes da ISFG para a classificacdo de haplotipos de mtDNA (PARSON et al.,
2014a).
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Figura 15 - Etapas do sequenciamento massivo paralelo no aparelho lon S5
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2.3 Classificacdo de haplogrupos e analise estatistica

As ferramentas “Network” e “EMPcheck” da EMPOP foram usadas para
detectar potenciais erros nos haplétipos obtidos (PARSON; DUR, 2007;
ZIMMERMANN et al., 2014).

Os haplogrupos foram classificados com a ajuda da base de dados EMPOP
database v3/R11 (PARSON; DUR, 2007) e confirmados manualmente na Phylotree,
build 17, atualizada em Fevereiro de 2016 (VAN OVEN; KAYSER, 2009).

O alinhamento das sequéncias foi realizado no Haplosearch (FREGEL;
DELGADO, 2011), com posterior corre¢cdo de alinhamento da EMPOP (PARSON;
DUR, 2007).

As frequéncias dos haplogrupos na populagdo foram calculadas por contagem
direta. Os parametros estatisticos de diversidade haplotipica, nimero medio de
diferengas par-a-par e as distancias genéticas (Fst) foram calculados utilizando o
software Arlequin v. 3.5.1.2 (EXCOFFIER; LAVAL; SCHNEIDER, 2005). As arvores

filogenéticas foram desenhadas com os métodos reduced median e median joining,
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implementados no software Network v5.0 (http://www.fluxusengineering.com). As
distancias genéticas par-a-par foram visualizada em trés dimensdes utilizando a analise
de escalonamento multidimensional (MDS) incluida no software StatSoft, Inc. (2007)
STATISTICA, ver.8.0 (www.statsoft.com).

As arvores de maxima parciménia filogenética de haplogrupos foram obtidas
com o software mtPhyl (https://sites.google.com/site/mtphyl/home) e corrigidas
manualmente com base na phylotree build 17 (VAN OVEN; KAYSER, 2009).


http://www.fluxusengineering.com/
http://www.statsoft.com/
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3 RESULTADOS E DISCUSSAO

Os dados obtidos nesta tese foram divulgados ao longo do doutorado em
congressos internacionais (apresentacfes orais e poster) e publicados na forma de
artigos cientificos em revistas internacionais. Os resultados alcangados com o estudo
das linhagens maternas das populaces miscigenadas do Rio de Janeiro (Brasil) e
Paraguai e populacdo nativa Ashaninka (Peru), sdo apresentados em trés partes, de

acordo com os objetivos inicialmente propostos.

3.1 Caracterizagdo do patrimdnio genético de origem materna de individuos
residentes na cidade do Rio de Janeiro, Brasil, através da analise do mtDNA

Os resultados preliminares obtidos da andlise de linhagens maternas de
individuos residentes na cidade do Rio de Janeiro foram divulgados em apresentagdes
orais no congresso internacional Haploid markers 2016 — Update on DNA variation
(Berlim, Alemanha, Maio 2016) e no IV Simpdsio Internacional de Identificacdo
Humana por DNA (Rio de Janeiro, Brasil, Abril 2017).

Na andalise de associacdo entre haplogrupos de mtDNA e marcadores
autossdmicos informativos de ancestralidade, foi utilizada uma base de dados para a
populacdo do Rio de Janeiro, atualizada em 2017 e publicada no Forensic Science
International: Genetics Supplement Series com o titulo “Contrasting admixture
estimates in Rio de Janeiro obtained by different sampling strategies” (Apéndice A).
Das 1.042 amostras genotipadas para 46 AIM-Indels, 204 coincidem com as amostras
sequenciadas para 0 mtDNA.

Os resultados finais da caracterizacdo do patriménio genético de origem materna
de individuos residentes na cidade do Rio de Janeiro foram publicados na revista
Forensic Science International Genetics, no artigo que aqui se apresenta com o titulo
“Defining mtDNA origins and population stratification in Rio de Janeiro” (Artigo 1). O
material suplementar do artigo esta disposto nesta tese no Apéndice B.
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Artigo 1

Titulo traduzido: Definindo as origens do mtDNA e estratificacdo populacional no

Rio de Janeiro

Resumo traduzido:

A composicdo genética da populacdo brasileira foi formada por misturas
interétnicas entre nativo-americanos, colonizadores europeus e escravos africanos. Esta
estrutura, caracteristica de grande parte das populacBes americanas, aponta a
necessidade da implementacdo de bancos de dados forenses que permitam capturar a
alta diversidade, geralmente associada a populacdes miscigenadas.

As 205 sequéncias da regido controle do mtDNA apontaram para uma elevada
diversidade haplotipica (0,9994 + 0,0006) na populacdo do Rio de Janeiro.
ComparacOes par-a-par entre as sequéncias, revelaram uma elevada proporgéo de pares
de haplotipos que apresentavam mais que uma diferenca entre si. Quando se ignoraram
os tratos homopoliméricos (insercdes nas posi¢cdes 309, 315, 573 e 16189 do genoma
mitocondrial), as comparagdes par-a-par revelaram sequéncias iguais em 0,18 % das
vezes, e diferencas numa Unica posicdo em 0,32 % das comparacBes. Obteve-se uma
elevada porcentagem de linhagens maternas africanas (42%), cuja origem maioritaria
incide na regifo Sudoeste de Africa. Para os haplogrupos euroasiaticos e nativo-
americanos (representando 32% e 26% das amostras, respetivamente), nao foi possivel
avaliar uma origem geografica clara ou uma afiliacdo linguistica. Ao se agrupar 0s
haplogrupos de mtDNA de acordo com a sua origem continental (nativo-americana,
europeia e africana), foram observadas diferencgas para as proporgdes de ancestralidade
estimadas com os AIM-Indels, o que sugere algum nivel de subestrutura genética no
Rio de Janeiro. Os resultados deste estudo estdo de acordo com os relatos historicos
relativos ao processo de miscigenacgéo, relatando uma elevada contribuicdo materna
africana e uma contribuicdo materna nativo-americana significativa. Para além disso, a
presenca de algum nivel de associacdo entre 0 mtDNA e informacdo autossdmica deve
ser tida em consideracdo quando se combina estes dois tipos de marcadores em analises

forenses.
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ARTICLE INFO ABSTRACT

Kcpannix The genetle compasivion of the Rrazilian populivion was shaped by imeresnie admizre beween amo-
Mttt DA chthonoms Mative Amenicars, Foropears settles and African shves This strocore, dhancheristic of most
Populet g American populad ore, i bes the: need for lurge popolidon forensie d @abases o capore the high diversit ta
i::r:*?' & wnally amsociaed with admived populatons. In the present work, we seqnemeed the contral region of mi-

- oacteom driad DA from 305 non- redated {ndividnal s |iving in the Rlode Jans o memopalitan egion Oveall kigh
1;_,._1. i Bapl ciype diversity (09994 + 00006} was observed, and pairwise comparisons showed a high proporton of

haplotype pairs with more ghan one-point differences. When ignoring bomopolymenic tracs, padrwise aom-
parisons showed no difierences 0.15% of the time, and difierences in a single positon were found with a e
quency of 0.3%%. A bdgh percenmge of African meDMA wos foond (4 2%), with Hresges showing o major South
West ortgin. For the West Enmsian and Matve Amenican hap kg ups (=pressnting 32% and 26%, rsspectvely)
it was not possible © avaluate a clear geographic or linguiste affiliaion. When gouping e miDNA lineages
aceonding o thedr comtinental origin (Naive American, Eoropean and African ), difierences were observed for the
ety propontions estimaied with amceom al anosstry- infoem ahve markers, sopgestin g some leve] of genetic
substrociure. The resuls from ik stody are in accordance with bisorical data where admivene processes ae
confimed with a stwong masemal cootribation of African marmmal ancestry and a relevant contribotion of
Naive American masernal ancestry. Morsover, the evidence for some degree of assocation benwesn mmNA and
ool i ndormation shoald be corsidered when combining thess types of markers in foreseie anabysi

1. Introduwction Native Americams, Funopean settlers and African slaves.

The Portugues= navigainms arrived in Bzl in 15040, and sine the

Genetic profiling i commaonly wed o assist criminal invest gations.
The study of genetic markers in forensic casework requirss e im-
plementation of DNA datsheses representative of the composition of
reference populations. The acouacy of these databases & oucial to
comectly estimate the frequency of a genetic profile, whidh & the only
way o attribute statistical weight o the svidence. Additionally, to
avoid emoneous estimates of the probability of a certain ohservation, it
is abo important © evaliate if populaton substruchire exists, a omn-
dition that is frequently olserved in American couniries as a result of
non-random mating among subgroups within populations.

The colonization of Amerim by Europesn setflers lad to one of the
larg st human migrations, chamscterized by non-uniform movements in
terms of mumber, arigin and gender of the migramts. The inter=thnic
cromses resulted in heterogeneous populations that wens, in maest o ses,
shaped by three well differentiated continental groups: aunchthanous

early days of colonization, the teritary beame a major supplier of food
amsd minerals to the Eiropean commence. By this time, with the growth
of commerdal trading and the comitant nesd of handwork, i became
common amang the mlnimes to use shvery work, finst targeed at
indigenoms people and lster Africans [1,2]. | the 17th century, Rio de
Janein becames one of the most impartant seaparts for exportation from
the country, after the discovery of gokd and diamonds in Minas Gerais,
the neighbouring @ ptaincy.

Mitochondrial DNA (mtDNA) has been frequently applied in popu
Iation genetic studies in an atempt to clarify the history of human
migrations and disdoe stratification in admixed populstions. Previous
studies evahliated the mtDNA genetic mmpositon of admiced Bragilian
populations to imnwvei their matemal ancestry. In 2000, Alves-Silva and
callsbaraionrs [1] described a variation throughout the country in the
frequency of miDNA continenta] fFactions, cormobarated by further
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investigations [4-5]. The highest proportion of Native Amerian an-
cesiry was found in the North region of Brawdl [3]. According to the
siudies of Alves Silva and Barbosa [3.4], in the two Northeast staies of
Pemambuco and Alagoas, a higher proportion of African lineagess &
presemt, even though the sscond most represented ancestry was dif-
ferent in the two sttes (European in Pemambuco and Native American
in Alagoas). On the other hand, the highest Furopean proportion (owver
60%) is present in the South [3,7] The Sowhesst & the best-studied
region of Brazil, with information availsble for mtDNA in all four states
of 30 Paulo, Minas Gerais, Rio de Janeimo and Espirito Santo
[3,5,6,4,9]. A high percentage of African matemal lineages was found
in all states. However, similar propartions of European, African and
Mative American haplgroups were found in Mine Gemis [1). Mo
studies have yet been conducted reganding the admizsd population
from Central West Brazl

To incresse mtDNA discrimination power in Rio de Jansino forensic
research, we characterized the matemal lineagss of the region by se-
quence analysis of the entire @nirol region {CR) since published dota
anly exist for HYS-1 and HVSD [5). A sample from the Southeast (in-
cluding Rio de Jansin) was previously studied for HYS-L HWS-I and
HVE-IO [], but differential analysis was not perfommed for each state.

In auteomal loci, the presence of imide populstion substruchime
can be deected by a statisticallysignificant higher observed hetero-
rygmity than expected Alo, in an admived populstion that i struc-
tured, sssociations betwesn all=les at different markes will tend to
persist not anly for linksd lod but even for markers in different chmo-
masomes. However, a nonrandom population distribation of matemal
linexges of very different origins can only be svalwsted by combining
information from mitochondria with other genomes. Therefore, in this
wark, data from anestry informative markers in the sme samples
{data not published) was wed o s if an msociation exists betwesn
mitDNA and sutesomal variation, in the cument Rio de Jansimo popu-
lation

In summary, we aimed to elaborate a genetic datnhese for the
miDNA contral region representative of Rio de Jansino and to evalue
the presence of substructure in the population by ascentaining markers
amodation, in view of 3 more acomrate inberpretation of matemal
profils in foremsic casewark. Additionally, we further analysed the
obtained data in the context of the available miDNA information on
histarically related populations, with the sim of onirbuting to a
desper understanding of the history of the South American matermal
gene pool

2. Material and methods

2.1. Population somple

Blood stains were collectsd from 206 nonerelated ndividuals living
in the Rio de Jansino (Brezil) metropolitan region, and all signed in-
formed consent to participate in the work. This study wes approved by
the Fthics Committes of the State University of Rio de Jansino (CAAE:
34301 714.7.0000. 5259].

2.3 mINA fping

The contral region of mitochondrial DNA (betwesn positions 16024
and 576) was amplified in a final vohume of 5 pl, wing 2.5 pl of Qiagen”
multiplex PCR kit and the primers 115997 (5-CAQCATTAGCACCCAA
AGCT-3) and HEIY (5GGETGATGTGAGOOCGTCTA-I) at a om-
ceniration of 0.2pM each, with 1-5 ng of DNA. The PCR onditions
were an initial denaturation at 95 °C for 10min, followed by 35 orcles
of 94°C for 30 5, §0°C for 90s and 72°C for 05, ending with a final
exiension at 72°C for 10min The purifimtion was performed with
ExoProftar reagent (GE Healthcar=). For ssquencing, the Bighye
Terminator vA.1 ovcle Sequencing kit (Applied Biosystems) was ussd,
amording v the mamfachmer prowcal, together with the primers
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L15997, L165855 (5~ COCACACGTTCOOCTTAAAT-3"), HM G (5~000GT
GAGTGGTTAATAGGGT-3") and HE39. The thermocycling conditions
were 2 fallows: initial denaturation at 96°C for 2min, followed by 35
cycls of 96°C for 155, 50°C for 95 and 6§0°C for 2min, and a final
extension at 60°C for 1dmin. For final cleaning, the sequenes wens
prifisd wing Sephadex ([Tustra Sephadex DNA Grade; GE Heal theare) .
Separation and detection were achieved by @pillary electropharesis an
an AR 3500 (Applisd Biosystems ).

As recommended by Famson and Bandelt [10], in casss when= double
ooverape was nit pomible with the primers indimied above, a sscond
PCR wees performed using the primers L15900 {5-TAAACTAATACAC
CAGTCTTGTAAACCATY  and HS99 (5-TTGAGGAGGTAAGCTAC
ATA-T), and sequencing was done with primers L15900, L16268
{5 CACTAGGATACCAACAAACC-3), HO16 and H599 under the pre-
vigusly described oonditions. For samples with length heteropl asmy dus
to AC nsertions betwesn positions 513 and 525 and/or bemnse of
T > € tramsition in position 464, sequencing was also perfommed using
the primers L314 (S-COGCTTCTGGCCACAGCACT-37, B33 (5GTTT
AAGTGCTGTGGCCAGAAG-DY and R484 (5-TGAGATTAGTAGTATGG
GAG-2]).

23 Heplogroup axcigenent and chatichiral analysic

The miDNA ssquences were compared to the revised Cambridge
Beference Sequenas (rCRS) [11] with the software SeqScape v2.7, and
the haplotype clssification wes carmied out following the guidelines
propessd by Itemational Socisty for Poremsic Genetics (ISFG) [12].
Haplogroups were attributesd via EMPOP according to Phylotres bald
17, Pebruary 2006 [13]. The EMPOP tooks “Network™ and “EMPcheck™
were wmed to detect potential emors in the dataset [14,15]. Data were
submitiesd to EMPOP for quality contral [14] and will be available for
forensic searches under the accession. mumber EMPOOG97.

Haplogrmoup frequencies wene caloulated by direct counting. The
alignment wes performed on Haplosearch [16] and adapted with the
alignment correction of EMPOF [14). The statistia] parameters of
hapl otype diversity and genetic distance were caloulated using Ardequin
software [17). Pairwise genetic distances were viswalived in three-di-
mensional space wsing the multidimensional scaling (MIDS) analysis
inchided in the StatSoft, nc. (24P} program STATISTICA (data ana-
lysis softwame system]), ver 80 (wwwstsoftocom) Phylogenstic net-
words wene designed with reducsd median [18] and medianjoining
methods [19] on Netwaork v5 0 (httpc/ /www _flusmsen ginessring oom].

3. BEesults and discussion

The haplotypes almgside mmesponding haplogroups can be found
in Table 51.

The lin=ages were classifisd according to their continental ancestry
within African (42%), European (31%), Native American (26%) and
Ewrasian haplogroups {approxcimatehy 1%

A1 meDNA diversity

Amang the 206 samples analyesd, 184 mique mtDNA haplotypes
were  identifisd, meulting in a haplotype divemsity (H) of
0.9994 = 00006 (Table 11 The mismatch distribution of hapltypes
in the Rio de Janeino sample (Fig. S1A) shows a high mumber of dif
fersnees in mest pairwise comparisons (mean number of pairwise dif
Ferenoe= (MNPD) of 18610 { Table= 1) Since two or maone & fferences an=
requirsd by both the ISPG [20] and the SWGEDAM [21] for exclusion
pupEss, amonding to these guids=line, the a priori chance of sexchiding
nam-matemally related individuals (miCE) is 99.76% in the Rio de Ja-
neing populstion (Table 10

Paint heteropla smy was observed in 8 samples (Table 52). Except in
two cases invalving pasitions 237 and 16147, all heeroplemies oc-
owrned &t positions comsidensd major hotspots in the miliNA genome
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[22] and were detected more than once ina total of 319 chservations by Talled

Irwin et al. [23]). No samples could be found in the EMPOP database
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with 217K (search made September 2017). Conversely, a toml of 11 B T . mm‘ ot = _;'mﬂ _np»-hzn-hw- di-
haplotypes pressnted point heteroplEmy at position 16147, all be- * N =
longing to haplogmup Hixtal, while our sample is from haplogroup B e bemalre Sacia Cabeisa Ok Pasle  Epddio et
B2bda.

Length heteroplasmy was found betwesn positions 16183 and ;::';"- ;mm ?‘m :m :m
16194 lnd buh.lmu'l..pnn'ﬁuu 32 and 310.'..Md:'l:inn.l]]y, the imsertion Fr— rp— BT . e
of AC in the dimeric repeat betwesn peasitions 513 and 525 (524.1A Eamca fa QUE L MER i *
524X} wes asocisted with length heeroplemy in some samples.
Length heteroplasmy was also olserved in one sample (PRJ1G8) amso- ot sl coce Bewd i 0005 (e applyiay Bonk ki 0004

ciated witha T > C transition in position 46{. Finally, the insertion of
cymsines between positions 567 and 574 resulted in length heteno-
pla=my in 5 samples.

Since some of these homopal ymeric stretches are wsually ignored in
the interpretation of mtDNA profiles in forensic casework [12], 2 new
mizmatch distribution analy=ic was performed disregarding imsertions
at positions 3049, 315, 573 and 161493 (Fig. 51B). When remaoving these
pusitions, the frequency of pairwise ssquences with one or mare dif-
ferences (haplotype divemity) slighiy decressed to (L9982, and the
propartion of pairwise comparisons that resulted in just one differenoe
betwesen haplotypess (HmtCE) was approcimately 30% higher
{Table 1)

Differences observed between H and mtCE are expected to cormela e
with the mismatch distribution profils of populstions. To simulaie the
expected differences in Native American, European and African popu-
lations, mismatch distribution analysis was performed for haplotypes
with the same continental origin. In Fig. 31 CH, we can sse that MNPD
vahes are lower for the Buropean subset, olowsd by the Natve
Amenican and the African sulsets (Table 1L In accordance, the African
subset showed the lowest difference between H and miCE { HmtCE],
which i, however, higher than that olserved in the admixed smple
from Rio de Janeira.

The=e resulis show that, when svahiating the a priori efficiency of
miDNA typing in forensic cases, haplotype diversity should be con-
sidersd together with the haplotype variston profile n populations.
Indesd, when exduding insertions and deletions in polyortosine e
gioms, we can see that European, Furasian have higher diversity than
African haplogroups but a lower miCE.

3.2, Differentation analyss | Brozilion admixed pey

To evaluxe if there are significant differences in haplotype fre-
quenci &, pairwise Fy genetic distanoss were caloulsted using availshle
data for Brgilian admixed populstions with full CR information
{Table 2. No statstically significant differences were observed in
pairwize mmparsms involving Bio de Janeim, S50 Paulo [8] and
Espirito Santo [9]. Signifient differences were observed in painwise
comparisons between Santa Catarina (South regiond [7] and all 3
samples from the Southeast {Table 23

To increaze the number of populations in peirwis= comparisons, a
new analysis wes performmed using only datw from HYSL and the For
genetic distanos are represented in the MDS plot in Fig. 1. The

following population samples were added: Southesst [6], Sowth {Rio
Grande do Sul, Santa Catarina and Parans states) [3], Mines Gerais [3],
S50 Pauk Afro-Brazilians [24], North (Amapd, Pard, Rondinia and
Acre states) [3], Pemambuco [1] and Alsgoss [4]. The resulis obtained
showed low For values (below 0.4%]) betwesn Rio de Janeio and all
=amples from Northesst and Southesst states, except the Afro-Brazilian
sample from 530 Pauln, which revealed significant differences in all
comparisms (Table 53). For valies abowve 1% wens detecesd betwesn
HRio de Jansiro and the remaining populations from South and Narth
regions. However, the probability of noned iffe rentiation betwesn Riode
Janeiro and the North was above the significance values, pobably dus
ta the smaller size of this s=ample compared with that from Samta Cat-
arina {whidh showed simil ar genetic distance]l. In the MDE, the s=amples
from the Northesst and Southesst form a cluster in the centre of the
plat, clearly separated from the populstions in the Souwth and Narth
regions (Fig. 1L

33 Nagtve American hoplogroeps in Rio de Janeiro

The major percentage of Native American maernal linesges in Rio
de Jansira belongs to haplogroup B (38%), followed by haplogroups A
(34) and C (26%). At lower percentages, there wene ako samples
belanging to haplogroup [, approximately §%. This distribution i in
accardance with what was found by Fridmam et al [6] for the Native
American haplogroups in the southeastern region of Brazil The hape
logroups’ distribution and variztion are represented in Fig. 2. The star
like distribution of the median-joining network indicates no recnt
expansions, & cormobomted by the mismaich distribution profile {Fig.
SC-D. High haplotype diversity wes observed with two haplotypes
being shar=d betwesn two individuak (one in haplogroup B and an
ather in haplogroup C) and one haplotype being shared betwesn thoes
indviduals from haplogroup B

Before the colonization period in South America, it wes estimarted
that a pprox imartel y 2.4 million people bel mging mainly tothe Tupd and
Gé linguistic groups lived in the temiory that now comprises Brail.
Daring the 16th century the area sumoinding Rio de Janeim, a5 well as
the remaining southesst coast of Brazl, wes inhabited by Tupinamhbés
{Tupi branch]. However, after 300 years of Portuguess colmimtion, the
mamnher of Native Americans was significanthy reduced [2,25]

Native American haplogmup frequencies in Rio de Janeino wene
comparsd to thase in South Americn native populations from four
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[32,37). The=e findings wene explained by a high genetic drift betwesn
smail] and isolated ndigenous groups from a @mmaon initial packsge of
linzages throughout the continent.

34 Buradan haplogroups in Rio de Joneiro

A towml] of §6 sequences found in Rio de Janeio are distribabed
amaong haplogroups commanly spread through Furope, sxcept for one
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maao linguistic groups [26]: GePano-Carb (which indudes the G&
group) [27-29], Equatarial-Tucanoan {which inchides the Tupd group)
[27-29], Andean [29,300 and Chibcha Paszan [29,31]. Due to diffenent
haplgmoup resolution in each published population, haplotypes wene
combined into major haplogrmoups A, B, C and [. In this compamizon
{Fig. 52, it was not pesible to infer the arigin or affiliation of the
Mative American matemal linesges found in Rio de Jansiro since no
strang geographic or linguistic asodation with mtDNA emerged. In-
desd, previows studies wsing ¥ chromosomal and svinsomal markers in
native South American populations reveslsd no clear asodation be-
tween their genetic compasition and geogma phic and linguistic evidenoe

ple belonging to haplogroup M7cl (Table 30 A query in the EMPOP
datbese for this sample ssquence (PR3] revealed no match but
several neighbouring  haplotypes, all present in populations  from
Southesst Asia and North America. An inguiry about the sampl e donor
reve aled that both parents were bam in Fast Timar.

Since the ammival of the fimst Furopeans, Brawil has besn subject o
several immigration waves from Portugal, which have remained to this
day. Even though immigration from other European comniries was less
impartant during the mhmnial periad, this oufook changsd in e last
two cenhmies, starting with an important amrival of Germans, followed
by Malizns and later Spanish.

To mvestigate the impact of the different Furopesn migmtions
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Rio de Janeimo, a genetic distance analysis wes performed between
European haplotypes in Rio de Janeino and population samples from
Portugal [34], Spain [8], kaly [35], Germany [16], Netherdands [37],
Austria [38], Finland [39], Dermark [40] and Gresce [41] Because
data were not available for the CR in some of these populations, the
analysis was restricksd to the H¥'5] and HY'S-1 ssgments.

Considering only the comparizmns between Rio de Jansino and the
Europesn samples, low Frr genetic distances wene observed (lower than
0,013, with differentiation p-values that were above the significanae
leve] (afier applying Bonferroni's cormection), except for the comparison
with Greses (Table 547

Previows shudies showed that the Furopean Y- chromaosoems ] ancestry
in Rio de Janeiro was mainly mediated by Portuguese contribuinms
[4243). A main Poruguesse maternal contribution would also be
compatible with our results. However, the low differentiation betwesn
Portugal, Gemmany, Metherdands, Italy, Awstria, Denmark, Gresos and
Spain prechides the use of the available mtDNA information to clearly
determine the soures of the current Furopean matemnal lnssges in Ko
de Janein.

3.5. Afrimn haplogroups in Rio de Janeiro

The 86 African haplotypes found in the Rio de Jansiro population
are distribuied among haplogrowups 10, 11, 12, 13 and L4 (Fig. 3L The
haplotype variation of thesse Afdcan haplogroups & representsd in a
medianjoining network (Fig. 3], showing a clear separation of the
hapltypes. High diversity can be observed within each dade, withonly
five different haplotypes being shared by two individuals (two within
L{ and L3, and one within L1). This anahsi shows no signs of im-
partamt founder events in the African genetic badcground of Rio de
Janeima, whidh is also supporiesd by the mismatch distibution profile of
the African sub-linesges, 2 represented in Figs. S1G and H

During the Atlantic slave trade, Brari] was the country that received
the largest number of sub-8aharan Africans, amriving mostly from three
regions: Central West Africa (including all cosst betwesn Guineafizsau
and Fjuatorial Guinesa), South West Africa (mainly from Congo and
Angaolal, and Southesst Africa (principally from Mozsmbique) [25,44]

To imvestigate the mest likely orgn of the African maternal
lineages, the olserved haplogroup frequencies wers comparsd with
thase available for the thres regions mentioned above, a5 well & for
Naorth and Exst Africa. Since the available data has different resolution
levels, haplotypes wene pooled inside the branches that are present in
oursample (s== table included in Fig. 3. Table 4 shows the distribution
of these haplogroups in East (5 omali and Uganda [45]), North {Monoooo
[45]}, Souwth Exct (Mommbique and Zimbabwe [451), South West
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{Angols [45-47]]), and Central West {Camerom, Gambia, Ghana, hary
Coast, Nigeria, Sierma Leme, Togo [45]) Africa and Rio de Jansiro {this
studhy L

The maet commen subclades of African ancestry in our sample were
Llc and e, representing approximately 408 of the L haplogroups, and
they were abo the most frequent in the South West Affican region
{Table 41 These branches are very commaon in Central West, South
West and Southesst Bantu populations {=g., [45-48])

Also frequent in Riode Janeiro are Lika and 12a, which are the most

in the South ple (Table 4L These subclades are bath
widely spread in sub-Saharan Africa, with high frequency in the East
Cozst [45,48,49]).

Chisters 13 and L3 each have 9% fequency in our Lesamples.
Taogether with L1h, 12b and 13b, they are mare frequent in the Central
‘W=t tham inother regions of Africa. The three remaining lineages (Ld,
12c, LAb) have a total frequency of 6% in our sample and are also @e
in all compared populstions. Lid (together with Lik) has besn de-
scribed & chamacteristic of Khoisan populstions [50-531. L4b & fre-
quent in Exst Africn Nilotes [45], although represented by a different
subclade (L4b2) than that fund in Rio de Janesiro (L4b1 L The overall
frequency profile of the L-lineages in Rio de Janeino is very similar o
that from Souwh West Africa, with differences in the frequency of the
13d and 13f haplogroups that can be explained by contributions from
Central West populations.

For & more in-depth understanding of the African maternal gene
puoal origin, Frr genetic distances were calmlaied betwesn Lelineages in
Rio de Janeiro and samples from African populations besed on HWS-1
and HYS-T ssquences (data not shown). The MDS plot of pairwise For
matrix { Fig. 4) shows a cluster inchiding Rio de Janeira, Cabinda [45]
and Angala [47), with no significant differences among them
{Fer = 0.0087; p = 01134). Larger distances were found when come-
paring Rio de Janeim with four Bantuspeaking groups from south-
wesiern Angala [146] (Fr = 0.0528; p = WHKBE)L This group showed
similarly large distances when compared with the two other samples
from north Angola [45,47]. The comparisan of Rio de Janesimo with
samples from Central West (Guinea Bissau [54] and Ghama [ 5510, South
East (Mozambique [45]) and East (Kenya [56] and Uganda [499) Africa
revealsd similar genetic distances, with Fos varying betwesn (0288
{Guinea Bisau) and 00399 (Kenyal. As expecied, highly significant
differences (For = 0.0801; p = OS] were observed betwesn Rio
de Jansimo and populations fom North Afhca (Tunisia [57] and Mar
occa [57,58]) as well 25 a Khoisan group from Angala [S00.

o

36 Comparism of mtDNA and auincomal gene pools

Ancestry propartions were caloulated for this goup of samples,
except for one sample (FRI_09) (unpublished data), using the protocal
described by Pereira et al. [59] for 3 multiplex of 46 ancestry-in-
formative markers (AlMs). Propartions of African, Mative Amerianand
FEwropean contributions were caloulsted for esch sample using the
software STRUCTURE v2.3.3 [60,61]

‘When comparing the ancestries obtained for autosomal and miDNA
data (Fig. 5}, an amodation was observed betwesn these types of
markers. In fact, the average African autosomal ancestty was higher in
the sulsample of ndividuals @mying Afican miDNA haplogroups,
while being knwer in the samples with Native American and Funopean
mitliNA linesges. Conversely, Fumpean ancestry was higher in the
gmoup of individuak with FEuropean midNA lineages than in samples
with Native American or African maemal lineages. Conceming the
Native Ametican ancestry olserved for the autos omal markers, smaller
differences were found betwesn midNA subgroups, although a higher
value was foumd in samples with Native Amernican m@dNA haplogroups.

Based on the frsquency distributions of the autosomal markers, the
two subsamples of African and Furopean miDNA haplgroups wens
further compared by caloulating the For between them and the probe
ability of non-differentiation (afeer 10,000 permutations). A significant
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The results show that contral region sequences ane very diverss in
Rio de Jansino, presenting high vaheess of haplatype dive mity and ex-
chmion power. When lineages wen= grouped by continental arigin, it
was olserved that although the Furopean subsst has the lowest prob-
ahility of a match, the highest exchuision power {more than one-paint
differences) was found in the Afrimn subsst. These nesulis highlight the
impartance of considering the haplotype distribution profile in the
population when evaluating the effidency of mtDNA marker anal ysis in
foremic case studies.

The high m@3NA hapl atype diversity observed in the Biode Jansino
population resulted from the sdmiviure of well.differentiaiesd souroes
populstions, with a higher percentage of African linea ge=, followed by
Furopean and Native American coniributions. The African mtDNA
subset in Rio de Janeiro showed a genetic profile that resembles those
found in populations from South West Africa, with minor Cemntral West
and South Exst influsnces.

The lack of a clear pattern amaong reference populations prevented
the sthnic arigin of the Native American inssges comently found in Bo
the Janeino from being inferred. Additionally, because of the low ge-
netic differentiation found among European source populstions, in-
ferences conceming the Eunopean lineages present in our sample would
require miDNA analysis of higher rsolution

The detection of an asociation betwesn miDNA haplogroups and
Alds ancesiries confirmed the presence of substruchere in the Rio de
Jansino populstion.

Overall, this shuly contributed to & better understanding of ma-
temal ancestry in Rio de Janeiro and its genetic stucthure. Additionall y,
the haplotype information described here can be wmed to establish a
highquality mtDNA databame for forensic purposes.
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3.2 Caracterizacdo do patriménio genético de origem materna de individuos
residentes no Paraguai, atraves da analise do mtDNA

Os resultados preliminares obtidos do sequenciamento da regido controle do
mtDNA de individuos residentes no Paraguai foram divulgados em péster no congresso
internacional 27th Congress of thelnternational Society for Forensic Genetics (Seoul,
Coreia do Sul, Setembro de 2017) e posteriormente publicados em formato de artigo na
revista Forensic Science International: Genetics Supplement Serie, com o titulo
“Paraguay: Unveiling migration patterns with ancestry genetic markers” (Artigo 2). Os
haplotipos estdo apresentados na presente tese no Apéndice C.

Uma colaboracdo do Laboratério de Diagndstico por DNA com Instituto de
Medicina Legal de Innsbruck permitiu aprofundar o estudo das linhagens maternas do
Paraguai, através do sequenciamento da molécula completa do mtDNA de 105
individuos residentes no departamento de Alto Parana.

Resultados preliminares deste estudo foram divulgados em apresentagéo oral no
congresso internacional 11th Haploid Markers Conference (Bydgoszcz, Pol6nia, Maio
de 2018). O artigo referente aos resultados finais obtidos com os 105 mitogenomas
paraguaios foi publicado na revista internacional Forensic Science International:
Genetics, com o titulo “Defining mtDNA origins and population stratification in Rio de

Janeiro” (Artigo 3). O material suplementar estéa disposto no Apéndice D.
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Artigo 2

Titulo traduzido: Paraguai: Revelando padrdes de migracdo com marcadores

genéticos de ancestralidade

Resumo traduzido:

Antes da chegada dos colonizadores espanhois, a regido Este do Paraguai era
habitada por indigenas Guarani. Depois da guerra do Paraguai em 1870, que terminou
com a perda de uma grande porcentagem da populagdo masculina, a imigragéo para o
pais foi encorajada. Dados de imigracdo indicam uma grande entrada de euro-asiaticos
no territério. Desde os anos 60, um grande numero de brasileiros e argentinos chegaram
também ao Paraguai. Um total de 299 amostras de individuos residentes na regido Este
do Paraguai foram sequenciadas para a regido controle do mtDNA. Cerca de 88 % dos
hapl6tipos pertencem a haplogrupos nativo-americanos. Um estudo preliminar
utilizando AIMs no mesmo grupo de amostras indica uma elevada contribuicdo
autossomal europeia e nativo-americana. A comparacdo dos dois tipos de marcadores
revela que a ancestralidade europeia para autossomos € superior a esperada,
considerando a média entre mtDNA e cromossomo Y. Estes resultados suportam um
processo de mistura recente entre paraguaios e outras populacfes, provavelmente ja

miscigenadas, onde os homens terdo contribuido para a elevada ancestralidade europeia.
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Before the amiwl of Spanish seders, the Fast region of Paraguay, was in habied by Guaran people. Afer the
Paragouayan war in 1570, which ended in ks of ahigh percentage of e male popuolaton, She migraton o the
county was encowraged. Immigraton dat indicatea high inpot of Eorasians to the erritoey. Alsa, since 19605,
a large romber of Brediaws and Argentineass arived in Paragmay. Samples from the smsten proviness of
Farapuay were sequenced oo the mmdA contml egion and 559% presented native American haplogroups. A

prefiminary study on the same samples msing AIMs indicases a high aniosomal contributon fram Eorope and
mative America The compasison of both type of markers showed that the Fompean ancesery for apeomes &
Bigher than espected when averaging meDMA and the ¥ chromosome. This resalt sup pors recent adm hosane:
benwem Paraguayans and ater populitions probahly already admitved, whers S men contrbmed with bigh

European ancesy.

1. Introducton

Afier the entrance of people in the American continent shout 10-15
thousand years ago thers was a mpid dispersal towards the South. The
PFaraguayam termitary was first oocupied by indigenous hunter gatherers.
Later, the Guarani ammived in the region and, presenting a les nomadic
lifestyle, s=ttled in fhe temiony [1].

In the sixtesnth century Paraguay was oooupied by colonimers, si-
milary to what happensd i other south American comnimes. The
Europeans arrived in the termiony in 1520, but only in 1537 the fist
Spanish city was settled (Asuncidn) [1,2].

The inexistence of mineml wealth quickdy decreased the interest of
Spamish colmizers in this temitory, making Paraguay an solated e
gion, geographically, culturally and politically separae=d from the oter
sconomic  forces from the colonial period 0 South America
Meverthe k==, the few colonizers that remained in the termiinny nitiatsd
the use of indigenows and African slave wordk, although the latter was
not a5 strang & in other South American counties [1].

Paraguay suffers a tremendows reduction in the mumber of male
populstion (more than 50%) after the “War of the Triple Alliance=",

fought against Argentina, Braz] and Urnguay. With the end of the war
in 1870, the immigration tothe country was encouragesd. Subssquently,
a high input of Furassisn immigrant ocmmred (lmliane, Germans,
French, Spamish, Koreans and Japaness) and, afier the 1960s, mamy
Braziliars and Argentineans also entersd Paraguay [2].

The country is cumently divided into two geographical regiomns,
separated by the Paaguay river. The most populated region hes et of
the miver that comprises 14 prowvinces, while the west, ako known as
Chaca, has thres provinoess.

As a result of the historical svents described above, the people from
Pamguay present a peauliar ethnic compasition, different from other
South Amerian muntries. Hisoral and lnguistic data are sometimes
incomplete, preventing a thorough dharaaerization of the ancestry of
today's populatims. Thersfore, the recruitment of information fom
other fielkls, &= populstion genstics, can be enlightening. With this
study, we zimsd to nvestigate the matermnal ancestry in Exstern
Pamaguay obtained by mtDNA contral region sequendng. 'We ako ine
tended to elucidate the genetic structure and the migation pattemns of
the termiory by combining miDNA and sutosomal anes try informative
indels (AT Andels)
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2. Materials and methods

2.1. DNA sompl=

A totl of 299 blood samples were callscted from ndividuals lving
in different departments of =asern Paraguay, under informed consent
signed by the partidpants. DNA was extracted with Chelex * 100
(BoRad) 5% 2 described by Wakh and collabomatars in 1991 [31

2.2, Genatic markers and genotyping

All samples were ssquenced for the entire mtDNA contral region
{CH) falknwing the BPOPF protocol The ampliiaton wes performed
using the primers F15971 (5 TTAACTCCACCATTAGOCC 3) and RE39
(¥ GGGTGATGTGAGOCOGTCTA 370 The PCR conditions were: dena-
turation at 95 "C for 2 min, 35 cycles of 95 °C for 155, 56°C for 30 5,
90 °C for 90 s and final extension of 72°C for 10min The purification
of FCR products was performed with the enzymes ExoSapIT (GE
Healthcare). Toml control region wes sequenasd with the primems
F15871, F15 (5 CACOCTATTAACCACTCACG ), RIS (%
TGATAGACCTGTGATOCATOGTGA 3, F16268 (5 CACTAGGATACC
AACAAACC ¥) and RE39, using the following conditions: 96°C for
1 min and 25 orcls of 95"C for 155, 50°C for 55, 60 "C for 4 min.
Sephadex {[Ihstra Sephadex DNA Grade; GE Healthare) wes wsed for
final purification. An ABI 3500 (Applied Biosystems) was ussd for se-
paration and deesction of the ssquences.

A sulset of 39 mndomly selected samples was also genotyped for 46
AlMdnde] markers, iwing the protocol previously described [4]. Prag-
ments wene separated and detected on an ABT 3500 (Applied Biosys-
tems L
2.3. Hapl

it amd | emal yxic

ol &

Far haplotype dasification, the ssquences wers mmpansd to the
revised Cambridge Reference Sequence (rCRS) with the softwemes
Sequendcher v5.4.6, Dlowing the htemational Society for Forensic
Genetics (BPG) guidelines for mtINA [5]. Haplogrouping was per-
formed via EMPOP acconding to Phylotres build 17, February 2016 [5]
The EMPOP toak “Network™ and *EMPcheck™ were ised to perform a
pasterion quality onirol [7]. Haplogroup frequencies were cal oul ated
by dirsct counting and haplotype diversity was determinsd using the
Arlequin software v3.5 [8].

The Software GeneMapper vi.1 {Applied Biosystems) was used in
Indels genotype am=ignments. Ancestry proportions were estimated with
saftware STRUCTURE v2.3.3 [9], wing refermnee populations from
Africa, Furope and Native America [4]. The *Admixture model" was
used, and allele frequencies wene omelated and updsted using only
indivicuals with POFFLAG = L

3. Results and discussion

The sample of 299 sequences analyz=d show a high haplotype di-
versity (0.9937 = 0,001 1. Most haplatypes ar= from Native American
arigin (88%), distributed among haplogroups A, B, Cand [L The mmt
comman linesge was C1, representing 31% of the native American
haphtypes. Eunopean and African haplogroups have ower frequencies,
being present in 8% and 4% of the ssmples, respectively. The highest
proportion of Furopean haplotypes fall into haplogroup H, and the
Africans into haplogroup 13.

A group of 39 samples was abo typed for AlMAIndels. In this cass,
the highest proportion of ancestry was European (60%), followsd by
native Ameri@n (31%) and Afrimn (%) ancesnies. Considering a
pessible immigration from South-Exst Axia, 3 second anahsis was per-
formed with four ancestral populations (Native America, Africa, Funope
and South-East Asia). In this mse a omidembles mean value of South-
East Asian ancestry was found {1:26), witha 7% reduction in the Native
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American mniribution, which can be explained by the reent im-
migration from Karea, Japan and China. However, we cammot exchide a
pee=ible bizsed result due to the lack of appropriate referenes popula-
tions from Native Amenican groups.

A comparison between the ancesities obtained by mtDNA and aue
tmomal markers wes performed o infer sex bizsed mattng. The ex-
peded patemal mnotribution wes caloulated considering similar proe
partions for autosomal markers and the aversge obtained for lineage
markers (Table 1. However, when asuming this, the expected male
Fwropean contribution was higher than 10{%, while the Native
American omiribation was negative (Table 1)L Our resuls suppart ne-
cent admivture betwsen Paraguayans and other populations, probabhy
alresdy sdmived, where the men mniributed with high Furopean ane
oestry. Indeed, the mme type of deviation was previously olserved in a
=ample from Antioquia, a5 the result of Ewropean male gene flow after
an injtia] admicture [10].

. Conchysion

The present study represents the first attempt to evalumie the ge-
netic composition of admixed Pamguyan population. A high mtDiNA
diversity was aolserved not only in the whole sample but abo imside
MNative American lineages, which represent the main matemnal back-
ground. Moreover, the comparison of mtDNA and suttsomal informa-
tion highlights the demographic importance of the admiviure svents
that sumresded the first interaoion betwesn Europesn males and native
Ametican fema ks during colmial times, and the role of the following
gene flow in modulating the genetic omposition. of the ocumment
Paraguayan papulation.
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Artigo 3

Titulo traduzido: A heranca materna do Alto Parand revelada por sequéncias

completas de mitogenomas

Resumo traduzido:

Grande parte dos estudos existentes que descrevam linhagens maternas em
populacdes da América do Sul é restrita a regido controle (CR) ou, para algumas regides
geogréficas, o numero de amostras estudadas ndo representa adequadamente a
diversidade existente. Este é o caso dos estudos de DNA mitocondrial (mtDNA) no
Paraguai, que sdo limitados aos segmentos HVSI de dois grupos nativos. Para
ultrapassar esta deficiéncia, analisamos mitogenomas de 105 individuos residentes no
Alto Paran, o segundo departamento mais populoso do pais. A molécula foi
sequenciada no aparelho lon S5 com o kit Precision ID mtDNA Whole Genome Panel.
A diversidade haplotipica e o poder de exclusdo sdao maiores quando comparados com
os valores da CR, destacando a importancia do estudo de mitogenomas no ramo da
genética forense. Grande parte dos haplotipos pertence as linhagens nativo-americanas
A, B, C e D. A andlise de maxima parciménia utilizando dados de mitogenoma
publicados no Projeto 1000 genomas revelou um elevado nimero de novos ramos dos
haplogrupos nativo-americanos no Paraguai. Nenhum dos hapl6tipos encontrados no
Alto Parana coincidem com os das restantes amostras da América do Sul utilizadas para
comparagdo: populages miscigenadas da Coldmbia, Peru e Equador e nativas da
Colémbia e Equador. A analise de distancias genéticas Fsr revelou que a composicédo
genética nativa do Alto Parand estd numa posi¢do intermédia entre os grupos da
Amazonia e as populagdes miscigenadas do Peru e Equador. Estes resultados suportam
a teoria sobre a origem Amazénica dos Tupi-Guarani e, a0 mesmo tempo, revelam

alguma influéncia de outros grupos linguisticos.



71

Forensic Sclence Intemational: Gepetics 39 (2019) &6-72

Contents lists anvarilable at Sciencelired

Forensic Science International: Genetics

journal homepage: www elsevier. comfocate/fsigen

Research paper
The maternal inheritance of Alto Parana revealed by full mitogenome m
sequences e

Filipa Simdo®, Christina Strobl”, Carlos Vullo®, Laura Catelli’, Patricia Machado®, Nicole Huber”,
Lisa Schnaller”, Gabriela Huber”, Catarina Xavier”, Elizeu F. Carvalho®, Leonor Gusmio®,
Walther Parson™®*

* Lo de Dbyt por DA (LIE), Lhiswddide do Esady db Bo de Jaoko, B de Jareim, Bl
“irmtimte of Lol Medidng Miedial Underdey of imabmcd, ik, saria

* A Foremi Labomiry, Argnsen Fanmac Andropigy s EAAF, Girdiba, Anposing

¥ Ligélaciin Frmacdatia, Lhineadal Gadlo, Henmdars, longay

* Forenadc Sctenes Pmgnam, B o drnia Saxe Uniemdy, P4, L34

ARTICLE INFO ABETRACT

Moot smdies an masernal lineages of Soudh America popubigons ane restricted to aontral region (CR) maskers
and, for some geogmphieal regions, the momber of soodied sampl e dos mot adeguasely Epresen the avisting
diwersity. This & the cse of mitodondrial DNA m@NA) stodies on Paragoay that ane Hmited 1o two Nadve
etink groups. To overcome this deflcien oy, we analysed the mitogenomes fom 105 individuak lving in Alo
Parand, g wcond most populaed deparment of te coanmy. Using e Preckion 10 m@NA Whals Gerome
Parel, the molerule was saquenced on lon 5. The majadty of the haplatypas balang to the Native Amarican
lineages A B, Cand D Anal yees of maviomm m parsimony msin g mingenome das resrieved from pobhcad ors and
in The 1000 Gencames Projecs dhowed a b gh nom ber of new native Amed can sube lades in Paraguay. Also, none
of the haplbtypes foond in Alio Pamnd marh the remadndng South American samples, which inchode admived
popo lations from Colombda, Pero and Ecnador, and matives from Colombia and Eenador. Fep geanetic distanoe
analysh showed that the native genede badegronnd of Alto Parand has an intermediate position benwesn the
Amazcodan geoops and the admiwd populations fom Pero and Eomdar, supporting the theory aboo the
Amazenian origin of the ToplGoannl and, & the same time, showing the infloence of other Hogaistic goops.
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1. Introeduwction

Pamguay i a South American country sepamated into two dema-
graphic regions by the Parand river: the Exstern: ar Omiental region (also
known as Panamana) and e Western or Occidental region (alkso kmown
as Chaco). Before the armival of Spanish setflers in the beginning of the
16® century the Easiern region of Pamaguay was ocoupied mainly by the
Guarani people, while the Western region mmprissd at least five dif-
ferent linguistic groups [1]. Except during the Jesuit misions period
(fom the beginning of 17 o the mid of 18® centuriss), Paraguay
remained geographically, culhwally amd palitically separated from
ather sconomic forces of the period, due to ladk of mineral wealth [2].
During the *War of the Triple Alliance™ (fought against Argentina,
Brazil and Uruguay, between 1865 and 18700, the country suffersd 2
reduction on population size to les than half [3). After that, the im-
migration o the Eemtory was encouraged and, shortly, a high number

of Fumopeans and Asians {from Italy, Germany, France, Spain, Korea
and Japen) arrived in Paraguay. After 19464, immdigrants also came from
the neighbouring countries, namely Brazil and Argentina [4]. Cur-
rently, Parzguay @mmprises 17 departments, 14 of which are located in
the Exstern region where 98% of the population lives (Fig. lal Alio
Parana, located i east of the Easiern region, & the sscond most po-
pulated depariment of the couniry.

In the pest decades, it became common to resant to different types of
genetic mar kers to inves tigate complex forensic case sudies. Boause of
its high copy number and low sisceptibility o degradation it & possible
to obtzin genetic information from mitochondrial DNA (miDNA) in
canes where the typing of autosomal markers cannat be accomplished.
Currently, mest Isharatories use Sanger ssquencing techniques i study
the mtlNA varishility of the contral region (CR). However, recenthy,
mamsive pamallel sequencing (MPS) platforms have been applied in
different scientific fields, allowing a more in-depth and high-volume

*Comresponding anthor at stimee of Legal Medicine, Medical Und versity of Inrsbrock, Innshrock, Anstria

E-mal apddrers walther parsongld- med e a1 (W Parsan).

haper Adod org 10 10016, i gen 201812007
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Avallable online 19 December 218
187 2-4973, 5 2018 Elsevier B.Y. All rights reserved.
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genotyping. Thus, it is now possible o analyse the compleis mi-
tochondrial maolemle {=mingename) in a more = ficient way with les
time and maoney consumption.

Few shudies have been published on the analysis of the matenal
ancestry of Parsguay and, the existing, only include information from
HY¥5:] in native groups [5,6]. Domelles et al [5) sequenosd the HYS-D
region (between positions 16024 and 16384) for 34 Ayoreo natives
from Cham. Approximately 80% of the samples belongsd to hap-
logroup C and the remaining were from haplogroup . Schmit et al. [5]
studisd the HWS-1 segment in 64 individuak fom the Aché sthnic group
{Tupi-Guaran linguistic family) from Fastern Pamsguay. In contrast
with what was ohserved in the natives fom the Western region, all
haplotypes belonged to the haplogroups B (90%) and A (10%). Bath
population samples presented very low haplotype diversity (027 in the
Ayoreo and (.25 in the Ach&)

With this work, we aimed to contribute to the chamscterimton of
the maternal genetic background of the admixed population of Alo
Parans, thmough the anahsis of miogenomes wing the Precizion 1D
mtDNA Whale Genome Panel and Ion 55 (Thermo Fisher Scientific)
technology.

2, Material and methods

2.1. Population somple

A totl] of 106 samples were collectsd from unreladed male in-
dividualk living in Alto Parand (Paraguay)l. Blood stains were stored in
FTA paper and DNA was extracted using the Chelex® 104 (BioRad)
prodocal described by Walsh =t al. [7). The ethicza] prindples of the
2000 Hekinki Declration of the Workd Medical Association (httpe//
www uma nete,/ policy/hd him) were followed and participants signed
a written informed consent This study wes approved by the Commities
of Ethics in dinical ressarch of the Social Prevision hstitute, A imn,

of pasticipanes bing place ¢} Distributon of mother's pasticipanes bing place

23 Mingemome byping

Library preparation for the entire mitogenome was perfommesd with
Precision I mtDNA Whole Genome Panel and Amplissq Library kit. In
thiz approach two pook of 81 primers were ussd for miDNA amplifi-
cation. A tofal of 162 amplicons were generated for each sample, with
am average size of 163 bp and an amplion overdap betwesn the 2 poals
af 11 bp Since we wene dealing with non-degraded samples, the cone
servative method wes used, and the two poals were amplifisd sepa-
rately in 10 pl reactions that were afterwamnds mixed together. The @rgs=t
region amplification conditions wers an mitial enzyme scthation at
99°C during 2 min, followed by 18 oycles of denaturation at 99°C for
155, annealing and extension at &) °C for 4min, and a final hold of
10°C. After primer digestion with FuPA reagent, the lonCode adapiers
were ligaied o each sample. Far reaction clean-up and adapier dimers
remaval the AMPure NP reagent was ussd. The quantification was
periommesd wsing the Jon Library TagMan OQuantitation kit {Thermo
Fizsher Scientific). To halancee the sample input concentation, the
sampls wene diluted to a concentmation of 30pM. Chips were loaded
automatically with lon Chef Instrument and ssquenced using lon 55
instrumssnt {Therma Fisher Scientific). Ssquences were comparsd to the
revised Cambridge Referenee Sequence (rCRS) [8] with the software
IGY v 24.10 [9,10 folowing the International Society for Parensic
Geneties (BPG) guidelines for milNA nomenclature [11]. The se-
quences were uplosded onto GenBank under acossion numbers
MHI91 823 - MHIS1927.

23 Heplogroup accprnent and shatistical analysic

Haplogroup & ignment was perfommed on EMPOP mtDNA datahase
wi/R11 [12], and haplogroup frequencies were cakoulaied by direct
counting. Diversity indeves and genetic distances were caloulated with
Arlequin saftware [13]). Pairwise genetic distanes were visualized in

Paraguay.

&

twa-dli ] space using the mul idimensional scaling (MDS) ana-
Iysis inchuded in the saftware STATISTICA, ver 8.0 (www. statsoft com) ,
after replacing the negative For valies by zem. The maximum parsi-
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saftware  (https//sites google. mm/site/ mphyl‘/home) and comected
mamually bassd on Phylotres build 17 [14]. Indels positions {sxcept
24%del, 290-291del and £281-828%el), substiution at positions
16182, 16183 and 16519 and heteroplasmic pasitions were not con-
sidered for phylogenetic recomstuction. Marsover, for an easier and
simpler visualization of the tress, only branches inchiding =amgpl e from
Paraguay wene represenied.

The data for migenomes in South America populations ussd inthis
study for comparison purposss are availahle on GeneBank and The
100 Genomes Project {1 000y enomes) { hitpe//fp. 1000 genomes. =hiac.
uk val 1Aty releas e /20130502, [15] (se= Supplementary Table S1).

3. Results and discussion

2.1, Quality contral

Mitogenome haplatypes were evaluated dwring EMPOP quality
contro] [12] using logistic, plusibility and phylogenstic checks. All
variants were identified 25 such when the coverage was = 10 (exo=pt in
7 samples with coverage between 5 and 14, in some positons). Five
samples had coverage gaps, with no sequencs information: sample
23,000,406 had a coversge gap betwesn positions 10898-10062;
sample 23 000,406 had a coverage gap between 147 64=16767; sample
23,000,411 between positions 7793-7855; sample 23,004, 513 betwesn
pasitions 285-247, sample 23,004,519 betwesn positions 513-516 and
14024=14065; and =ample 23,000,529 betwesn pesitions 10425-
10465 One sample had no information at positon 286 Data was
submitted 1o EMPOP and will be availshle for foremsic ssarches under
the accession number EMPOO7 28

3.2, Genatic diversity

Haplotypes and haplogroups found in the 105 unrelsted individuals
living in Ako Parand, Paaguay, for full mitogenome ssquences
{1=1656% are desoibed in Supplementry Table 52 Since homo-
palymeTic tads can result in ambiguows haplotype readings, the di-
vemsity indexes wene calculated ewchiding indels betwesn positions
303-316, 512-525, 568-577, 16184=-16194 and 58955904, The hap-
lotype diversity (HD) obtained for the 105 sampls was 09978
{ = 0.0d2), with a mean number of pairwise differences (MNPLR of
46.70 (Table 11 When considering the full ssquences from the 105
Faraguayan mitogenomes, $4 wens unique, 9 were sharsd between two
indivicuals and thres individuals shared the same haplatype. It & worth
noting that in sight @ses of shared haplotypes the individuals wers
barn in different cities, although in one of thess cases the mothers were
barn in the same dty. In another case the two individualks and their
mathers were bom in the same city. Por the three shared ha plotypes,
the individuals wene born in different departments, but their mothers
wene bom in the same city. The remults obiined for a st of 25 aubo-
somal TR, exduded the possibility of first- and second-degree kiship
amang the individualk (data not shown .

Far mmparson parposss, values of haplotype diversity and mean
number of prirwise differences were also caloulsted for the admdosd
populstions from Peru [15] and Colombis [15] using the ssme para-
meters (Table 1). Pamguay presented the highest mean mumber of
pairwize differences, although the haplotype diversity was higher in
Peru. When anly the native haplogroups in Parsguay werne considensd,
the haplotype diversity was higher than for most native populations
us=d for comparison {Table 1).

The high diversity found in Alto Parans (for the total sample and for
the subeample of native linesges) can be comssquence of a high mobdity
to Paraguay that is known to have oocurmed after the War of Trple
Alliance. Imnside muntry displacements could also have contributed for
the high diversity, especially @mnerning the native genepoal In fct,
detailed information provided by the ndividuals show that only about
50% were bom in Alto Parand, while the remaining were bam in
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different department of the Exstern region of Paraguay (Fig. 1bi Also,
maother's births place mfvrmation shows that only 11% of the mothers
were born in Alto Parana (Fig. 1cl.

According to ISFG [14] and SWGDAM [17] guidelines for mtDNA
comparisms in forensic casewark, two or mare differences (in the CR)
are necemary for excluding nonmatemally related individuals. When
extending this rule tothe mitogenomes, the exchusion paower (mtCE) in
the 105 Paraguayan samples & (09930 (induling homopal ymeric
tracts). When only the CR is considersd, the values of haplotype di-
wersity and mitCE decrease (from (.9978 to (9938 and fom 0.9930 o
09877, respectively), with a higher number of shared haplotypes 13
hapl otypes were shared betwesn 2 individual, 3 haplobpes wers
shared between 3 individuals and 2 haplotypes wens shared between 4
individuals.

331 Hoplogroup clocd fioation udng CR v mitogemom e i rmation

When considering the CR information alone, a differe=nt haplogroup
clesifimton & obained in 2% of the samples (Table 2] Differ=nces
were due o thres situations: (i) haplogroup asignment was only pos-
sible with coding region polymorphisms, for example, the posibons
ST G, A97C, 6A7AT, 9950C and 11,177 T are mequired for hape
logroup B2 dassification; (i) the bmnch was changed bemse coding
Tegion pasitions wene different from those requinsd for the clesification
baz=d on the CR, for example, one sample classifisd 25 Cld2a with CR
trned out to be Cld] due to the lack of 10,834 T and 593C and the
presence of 7697 A; (idl) although a CR mutation wes missing, other
coding megion mutstions allow 3 desper dasification. This is the -
ample of sample 273,008,531 that does not have the position A263 but
has 42427T, 7003 A, 9657 T, 12454 A requirsd for C1h2 classification.

34 Hoplogroup digriledion in Ao Porand

Approcimately 86% of the haplotypes belong i the Native
American haplogroups A, B, C and [r. The Europesn and African hape
logroups have similar frequencies in the studied sample, each e
presenting about 7% of the sequences (Supplementary Fig. 510

Compared w©  the neighbowring admixed populstions
(Supplementary Fig. 51), the proportiors of Native American and
Ewropean matemal lineages in Alto Parand are more similar to thoss=
found in populations from Chile. Although Parsguey has higher none
Mative ancestry than Bolivia, it i les admived than the other neighe
bouring countries, namely Bazl and Argentina. The frequency of
African haplogroups in Parguay can be comidersd relatively high,
taking into acowunt historical data that indice the arrval of a low
mumnher of skaves during the colonial period. This African ancestry can
must likely be explained by a recent immigration from Brawil, which
became sspecially important after 1960,

A5 Native American Eneages

All Native Amerian lineages found in our sample (A2, B2, Clhb,
Cld, C1d1, D] and Dedhda) weres previously described a5 being *pane
American”, since they are found scres the double continent, sxcept for
me lineage (mmple 23000.402) belnging © haplgowp
A+ 152 + 16,362 + 200. This haplogroug is not present in the EMPOP
databese, muggesting that this lineage is either local or mre in Sowh
America

The anly two studies on matemal lineages of native groups from
Paraguary show that haplogroup © & highly prevalent in Ayoreo from
Chaco and haplogroup B in the Aché from Eastern Pamguay [56].
The=e haplogroups have high frequencies in Alto Parana (294 each).
Om the other hand, none of the Paraguayan mingenomes were induded
in haplogroups D5, g, BE32 and Clb13, previously described 2= ne-
stricted 10 the southemn cone of South America [18,19], showing no
genetic continuity betwesn these two regions.
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Table 1

Haplatype diverside and mean momber of pairwie diffsences on adoded and mative popol adons from Ao Parand, Pem, Eenador and Onl ombda.
Couzsy Efima ymaz a HI MNP Sz
IET IS - s e & O 457 + DAE Tk atucly
L 2] - 4 G+ Oi0E 4078 + 1TEE Il eean e [L5]
[ - - L + Quick 4008 + 1758 Wy ememe [15]
IET IS g d L] e & O 41.6F + IEXY Tk atucly
L 2] Ach P 24 [ - Mo o2 al [21]
Crfoegi Cocona & [T - Jes e al [11]
L 2] Coena 17 (L - Mo o2 al [21]
ez Ceragasge I (LK -3 - Mo o2 al [21]
Ot Corcipuns Iy [F= - Jos o all [21]
Chdmiem T 17 o9 - Aoz e al [21]
L 2] g alam s [F-- - Mo o2 al [21]
ot Iayga i¥ [E deas et all [21]
Croetia Kammion 1 [ Aefaz et al [21]
L 2] el L & [ehr) - Mo o2 all [21]
L 2] Nl I& e - Mo o2 all [21]
Croegian O ET I 1,0 - Az et al [21]
L 2] Pz 14 (W) - A el al [21]
L 2] PewWamas 1z [E - A el al [21]
Crfoegi JEESE I [T Az et al [21]
Chdmiem Salita & S - Az a2 al [21]
L 2] Sdesana I& AT - A el al [21]
Ot Saxa Iy [~ - Aas e al [21]
Chdmiem S ] 1,00 Az a2 al [21]
L 2] Tazmmaie I [h ] - A el al [21]
ot Thhus i& [ - dots et all [21]
Croegian Tala-Tat e I [Lh - dema et al [21]
L 2] Yiggpaz 1z (K- - Mo o2 al [21]
L 2] Vsl ] [F-- - Mo o2 al [21]
B Saveml’ = D Ul 3506 + 1541 Bramdind o al [20]
i g d 14 G & Ol 4173 + 1&34 Eradind o al [2Y]
* anly narive haplogronps

Table 2 Alto Paramd, a frequency similar to that found in Native Colombians

Hagplogroap classifications with mitogenomes and contnal region haplogrpes.
Besmines of s s Harlogpas

[EE— Cnm] Hopes
7 BY B e
3 e B I
z Liblall Listal3 o
Y Hialada i I
Y Hilalad MV E311 i e
3 cidi Cld L I
i cidi Cldm (H
i Lielk Licivd I
1 Lielala Lkl I
i c1di Ol L o
i Uetel Ul e
1 Cldisl Cldi I
i BE 4 153 (H
i Hi%lal HEY I
1 1% 19 =

Differences doe e (1) haplogroup assignment was moe demdled with coding
region polymeorphisme; (i) the branch was changed becamse coding egion
et ores e o et frcm e mevn dred for the ol s fieation based on CR;
{ti{yakhough a R muaton was missin g, other coding e on mmatons allow &
deeper o assification.

A phylogenstic analysis was performed for haplogroups A2, B2,
Clb, C1d1, D] amd [ {Suppl ementary Figs. 52-56) using mibogenomss
data from South American populstions including samples from Alo
Parand (this study], Eauador [20], Colombia [15,21], Peru [15], Ye-
nezusls and Brazl [2]. Extensive variation was observed imside all
clades in accordance o previous findings from Bandind etal. Morsover,
mast samples from Alo Parand are placed into new derived bramches
not present i the data mchidsd for comparison (se= detailsd -
formation in Supplementary Figs. 52.86].

The lineages A2 and A2 + G4 represent 21% of the samples from

{Table 31 A s=arch on the BAPOP database, which comprises ssquences
from 2165 Native Amerians and 4094 sampless from the general
American populstions {results bassd upon release R11, from October
16, 2013, pace most matches in omniral and morthem American
populations. The subdade A2y with a frsquency of 2% in our sample is
also found at low pereentagess innatives and admixed populations from
Colkambia (1% and 6% respectively) {Table 3).

Haplogroupy B2 represent 29% of the native ming=nomes from Alio
Parami. The sub-lineages B2e=, BE2o and B2ola have a tota] frequency of
5% amd were alvo found in Native Colombians (Table 3. Alingether, the
BEx, B3] and B2hls sublinespes have a 10% frequency bat wens
ahsent in the mmpared South American mitogenomes. In B4POF, the
haplogroup B2h appears in Bazl, Argentina and Ecuador, while B2il is
found in a single individual fom North Argentina. Mo haplotype in
EMPOP belongs to B2h3a The remaining B2 samples do not belong o
any lmown sub-lineage.

The Cl lineage= has a high frequency in Alin Parand (204, Apart
from one sample from haplogroup C1, the remaining are distributed
among two main branches Clband Cldl. Approximately 154 of the
=ampls from native Calombians belong to Clb haplogroup (Table ).
The C1h2 branch is present in 6% of Paraguayan amid was also
found in 1% of natives from Colombia (Table 31 The 85 C1h2 haplo-
types deposited on EMPOP are virually restricisd to Dominican Re-
public A similsr propartion of haplogroups Cld 1 and Cldld wes found
in natives from Colombia, however, no haplotypes match the ones in
the Paaguayan samples (Table % Supplementary Fig. S4bL The
Cldlbl branch wes not present in the miogenomes wed for com-
parative analysis, alhough 8 Cldlb]l haplotypes from Argentina are
deposited on EMPOP.

The macrohaplogroup [b is the least frsquent in Alto Parand
(=184, with 10 sampl= (11%) belonging to haplogroup 1. This
haplogroup has a frequency of 15% in the mingenome samples from
Peru. The [¥le and D1l banches found in Pamaguay were not present
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in the remaining South American mimgenomes (Table 3). However, in
EMPOF 18 [M e samples appear in Morth America, and 16 D1f] samples
are present mainly in Brazil and Argentina.

3.6, Gematir dicnmre betwern South Americam populatinns

For a mare in-depth understanding of the matemal genstic badk-
ground of Pamguay, Fa genetic distances were @loulsted betwesn
admixed sampls fom Alto Parand, Colombia and Peru [15]. Indel
pasitions 309.xC, 315.xC, 523-524del, 524 xAC, 571xC, 5899.xC and
16,199 xC were not considensd in this comparison. Significant differ-
ences were olserved in all painwise comparismns. Although Alin Parand
and Colombia have similar antinental ancestry profil=s {Supplemen-
tary Fig. 51, a much larger distance was observed betwesn these wo
samples (F - =0L06283; Pavalue < (L0O005) than betwesn Alto Parand
and Peru (Frr=0.02640 Povalue = 0003471 After excluding the non-
native haplogroups, the genetic distance between Alto Parans and Co-
lomhis mcresmed by 50%, while the distance o Peru did not change
significantly (Supplementary Table 531 These resulis reveal that the
distance between Alto Paramd and Colombia & mainly dues to very
different native backgrowunds. Indesd, the haplogroups A and B ars
much mare prevalent in Colombia {approximately 894 ) than in Ao
Parana. Mareover, there are many A and B sub-clades that ane present
at high fresquencies in Colombis bt are not present in the Pamsguayan
samples (namely, A2w and B2d].

The sampls of native haplogroups in admized populations wene
further comparsd against data from Morthwestern Ameconian and
Ecuadarian native populations (Supplementary Table 530 No clear
linguistic ar geographic patern emerged from this analysis (Fig. 2],
which & in accordance with the resulis from Arias =t al [21]. Although
multiple canees may be behind theabesnce of a3 pattern, it & wel known
that genetic drift will have cer@inly contributed to the high disances
found between groups and to the low values of divemsity within

populations. However, it is worth noting that the population that is
closest to Alo Parans is the Cocama ethnic group {Fig. 20, which be-
kngs to the same linguistic Bmily (Tupi-Guarani) as the natives that
inhabit the Exstern region of Pamguay. In addition, conceming the
native companent of the sdmixesd populations, the cornelation between
the geographic and genstic distances improwves.

Fimally, it should be noted that Alto Parand ocoupies am inter-
mediste pasition betwesn Amazonian and the remaining populations,
which, to a certain extent, supparts the theory about the Amammnian
arigin af the Tupi-Guarani [X3,24] and, at the same time, shaws the
influsnce of other linguistic groups i its oorent genetic badoground.

4. Conchsions

The p wark nep the first ipt to elabarate a genetic
databese from mitochondrial DNA markers on an admixsd populstion
from Paraguay. The results obtainesd revealsd high haplotype diversity,
showing an incressed discrimination power when sdtending the ana-
Wysis from the contmo] region to the miogenome. At the mme time, the
study of mitogenomes allowed refining haplogroups a=ignment, par-
ticularly inside B2 dades. Moreover, the construction of maximum
parsimany tres=s fom South American lineages, inchiding published
data and mimgenome ssquences rerieved from the 1000 genome
projea, allwsd disclosing & large number of previously wnid sntifisd
subclades. Indesd, no maiches were found betwesn haplotypes from
Alto Paranéd and the compared population samples.

Accarding to hisorial data, during the European calonial period,
Paraguay suffersd lower non-native admiciure than the sumounding
countries of Argentina and Brazil, which is supported by it high pro-
partion of Native maiemal background . The preval ence of some African
lin=ages can be explined sither by an Afrimn input during the slave
trade or by a later immigmation after the war of Triple Alliance. Large
differences in African maternal v, patenal ancestries are wualy
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olserved in admixed populations from South America, due to 2 sex- Beferences

biased mating during the colonial period It & however expected that
this difference will decresse f we m=ume a later African input in
Paraguay, mediated mastly by men from an alesdy admixed popula-
tion {namely from Brazdl ) with higher African ancesiry. Thensfore, re-
sults on ¥ chromosome ancestry could be helpful to disoern betwesn the
twao peesible scenarmios.

Coneerning the native matemal anestry of Ao Parand, an in-
tricated structure emerged fom our reuls, pointing to a pasible input
of lineages from different sources, and not only from Tupi-Guarmi
groups. Nevertheles, the lack of mitogenome deta from most Souwth
American populations prevents a thaough inerprstation of the ongin
of most lineages that hawve been fomnd in the population from Alo
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3.3 Caracterizac&o do patriménio genético de origem materna de individuos pertencentes
ao grupo linguistico Ashaninka do Peru através da analise do mtDNA

O manuscrito referente aos resultados do sequenciamento da regido controle do
mtDNA e dos mitogenomas de individuos Ashaninka residentes no Peru encontra-se em
preparacdo (Artigo 4) e pretende-se submeter para publicacdo a revista PlosOne. O
material suplementar esté disposto no Apéndice E.

Os resultados preliminares obtidos do sequenciamento dos 20 mitogenomas da
linhagem B2 + 16051G + 16129A + 152C dos individuos Ashaninka, Peru, foram
divulgados em formato de poster no 27th Congress of the International Society for
Forensic Genetics (Seoul, Coreia do Sul, Setembro 2017), com o titulo “Tracing
Arawakan Southern Dispersal: Clues from Mitogenome Sequencing of Southern
Amerinds” (Apéndice F).
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Artigo 4

Titulo traduzido: Heranca maternal do grupo nativo Ashaninka do Peru

Resumo traduzido:

Os Ashaninka pertencem a familia linguistica Arawak e sdo o principal grupo
indigena amazodnico peruano. Estdo, atualmente, dispersos ao longo de varios
departamentos do pais. Um grupo de 171 amostras da populacdo Ashaninka, residente
na regido do Pasco, foi sequenciada para a regido controle total do mtDNA (entre as
posicdes 16024 e 576), através da metodologia de Sanger. Foi observada uma baixa
diversidade halotipica, com todas as amostras pertencendo a haplogrupos nativo-
americanos (A, B, C e D). Para uma compreensdo mais profunda das migracdes dos
Arawak na América do Sul, os hapl6tipos B2 + 16051G + 16129A + 152C presentes na
populacdo Ashaninka foram sequenciados para a molécula completa, por MPS. A
investigacdo da distribuicdo de linhagens B2 + 16051G + 152C em populagbes sul-
americanas indicou uma possivel rota de migracdo da familia linguistica Arawak em

direcdo ao sul.
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The maternal inheritance of the Ashaninka native group from Peru

F. Simdo!, C. Xavier?, D.H. Tineo®, M. Bodner?, C. Strobl?, E. F. Carvalho®, W.
Parson®*

L. Gusmao®

'DNA Diagnostic Laboratory (LDD), State University of Rio de Janeiro (UERJ), Rio de
Janeiro, Brazil

?Institute of Legal Medicine, Medical University of Innsbruck, Innsbruck, Austria
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Abstract

The Ashaninka, which belong to the Arawak linguistic family, are the major Peruvian
Amazonian native group and are currently spread across several departments of the
country. A group of 171 samples from the Ashaninka population living in the Pasco
region was sequenced for the total control region of the mtDNA (between positions
16024 and 576) using Sanger methodology. A low haplotype diversity was obtained and
only native American haplogroups (A, B, C and D) were found. For a deeper
understanding of early Arawak migrations across South America, the B2 + 16051G +
16129A + 152C haplotypes present in the Ashaninka population were sequenced for the
complete mtDNA molecule using MPS technology. The investigation of the distribution
of B2 + 16051G + 152C lineages in South American populations indicated a possible
south migration route of the Arawakan linguistic family.

Introduction

Like most South American populations, Peru is a multi-ethnic country, due to admixture
processes between Amerindians, Europeans, Africans and Asians. The great majority of
the native populations of Peru occupies plateau regions along the coast (HUNEFELDT,
2010). However, a few groups are fixed in the rainforest, distributed among four main
linguistic families: Arawak, Carib, Tupi and Je. It is thought that the Arawak family was
responsible for one of the major diasporas in South America, in pre-colonial times.
Upon the arrival of the European colonizers, they were scattered across various regions
of the subcontinent. Linguistic and anthropological studies situate western Amazonia (in
the border between Peru and Brazil) as the most probable origin of the Arawakan
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language (WALKER; RIBEIRO, 2011).. Afterwards Arawak are thought to have
migrated alongside riverbanks throughout the continent, spreading their cultural and
agricultural traditions. The Ashaninka belong to the Arawak linguistic family and are
the largest native Amazonian group in Peru. They are currently distributed in several
Peruvian departments: Ayacucho, Cusco, Huanuco, Junin, Pasco and Lima. According
to the Peruvian sense of 2009, about 88,000 Ashaninka lived in the country at that time
(HUNEFELDT; HARRIS, 2004; MCEWAN, 2006).

Few studies were performed to disclose the genetic composition of Ashaninka native
populations. A small group of 20 samples were genotyped for mtDNA, 8 for Y-
chromosomal markers and 14 were genotyped for autosomal STRs (DI CORCIA et al.,
2017).

This study aims at contributing to a deeper understanding of this under-described
population, by investigating the maternal lineages distribution in a large sample of
Ashaninka people, living in Peru. An increase in the B2 haplogroup resolution, by
sequencing the full mitogenome, will allow a better knowledge of the Ashaninka

population structure as well as of their migratory movements at a minor scale.

Material and methods

Sampling

A total of 171 blood samples were collected from non-related individuals (55 men and
116 woman), belonging to 41 communities located in the banks of Pichis and Palcazu
rivers, in the district of Puerto Bermudez, Pasco region, Peru. Samples were extracted
using either a phenol-chloroform protocol or a Chelex based protocol and quantified

using an in-house real time gPCR method [6].

Sanger sequencing

The control region of mitochondrial DNA (between positions 16024 and 576) was
amplified in a final reaction volume of 25 pl, including: 15.8 pul of water, 2.5 ul buffer
10x, 2.5 pl BSA 2.5mg/ml, 2 ul dNTPs 10 mM, 0.3 ul of primer L15851 (5' ATC TCC
CTA ATT GAA AAC AAA ATA CTC AAA 3' ) 10 pM, 0.3 pl of primer H639 (5°-
GGG TGA TGT GAG CCC GTC TA -3°) 10 uM, 0.2 ul of Advantage polymerase
(Clotech) 5U/ul and 1 pl of extracted DNA (2-5 ng/pl). The PCR conditions were an
initial denaturation at 95 °C for 2 min, followed by 35 cycles of 95 °C for 15 s, 56 °C for
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30 s and 72 °C for 90 s, ending with a final extension at 72 °C for 10 min. The
purification was performed with 2 pl of ExoSAP-IT (USB Affymetrix) for each 5 pl of
amplified product. For sequencing, the BigDye Terminator v1.1 cycle Sequencing kit
(Applied Biosystems) was used together with the primers L15971 (5' TTA ACT CCA
CCA TTA GCA CC 3'), L15 (5" CAC CCT ATT AAC CAC TCA CG 3, L16268 (5'
CAC TAG GAT ACC AAC AAA CC 39, H16 (5 TGA TAG ACC TGT GAT CCA
TCG TGA 3") and H639 (5’- GGG TGA TGT GAG CCC GTC TA -3°). For a final
volume of 10 pl, 2 ul of BigDye, 2 ul of Buffer, 0.3 ul of primer 10 uM and 2 pl of
purified product were used. The thermocycling conditions were as follow: initial
denaturation at 96 °C for 1 min, followed by 25 cycles of 95 °C for 15 s, 50 °C for 5 s
and 60 °C for 4 min. For final cleaning, the sequences were purified using Sephadex
(IMlustra Sephadex DNA Grade; GE Healthcare). Separation and detection were
achieved by capillary electrophoresis on an ABI 3500 (Applied Biosystems).

As recommended by Parson and Bandelt (PARSON; BANDELT, 2007), in cases where
double coverage was not possible with the primers indicated above, sequencing was
also performed with primers

F314 (5' CCG CTT CTG GCC ACA GCA CT 3", R159 (5' AAA TAA TAG GAT
GAG GCA GGA ATC 3, R484 (5' TGA GAT TAG TAG TAT GGG AG 3') and
F15851 (5" ATC TCC CTA ATT GAA AAC AAA ATA CTC AAA 3)).

The CR mtDNA sequences were compared to the revised Cambridge Reference
Sequence (rCRS) (ANDREWS et al., 1999) on the software Sequencher v.4.9 (Gene
Codes), and the haplotype classification was carried out following the guidelines
proposed by the International Society for Forensic Genetics (ISFG) (PARSON et al.,
2014b)

Mitogenome sequencing

Libraries were built using the Precision ID mtDNA Whole Genome Panel and Ampliseq
Library kits (Thermo Fisher Scientific). The conservative method was used, and two
pools were amplified in two 10 pl reactions that were afterwards mixed together. The
amplification conditions were an initial enzyme activation at 99 °C during 2 min,
followed by 18 cycles of denaturation at 99 °C for 15 s, annealing and extension at 60
°C for 4 min. The primers were digested with FUPA reagent. Afterwards the lonCode
adapters were attached to each sample. The reaction was clean up and the dimers
removed with AMPure XP reagent. The amplified products were quantified using the
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lon Library TagMan Quantitation kit (Thermo Fisher Scientific) and samples were
diluted to a concentration of 30 pM. Chips were loaded automatically with lon Chef
Instrument and sequenced using lon S5 instrument (Thermo Fisher Scientific).

The haplotypes were obtained with the lon Torrent Variant Caller v. 5.2.1.38 plugin
(TFS), and further checked with IGV (Integrative Genome Viewer) software.

Haplogroup assignment and statistical analysis

The haplogroups were assigned according to Phylotree (build 17) [8] via EMPOP. The
EMPOP tools “Network” and “EMPcheck” were used to detect potential errors in the
dataset (PARSON; DUR, 2007; ZIMMERMANN et al., 2014). Data were submitted to
EMPOP for quality control (PARSON; DUR, 2007).

Haplogroup frequencies were calculated by direct counting. The alignment was
performed on Haplosearch (FREGEL; DELGADO, 2011) and adapted with the
alignment correction of EMPOP (PARSON; DUR, 2007). The statistical parameters of
haplotype diversity were calculated using the Arlequin software (EXCOFFIER;
LAVAL; SCHNEIDER, 2005).

Results and discussion

mtDNA diversity

The control region sequences obtained in the analysis of Ashaninka population showed

a low haplotype diversity (0.9121 + 0.0100), with only 41 different haplotypes
(Supplementary Table 1). This is in accordance with the values found for other isolated
native South American populations. The most frequent haplotype was 16093C 16223T
16298C 16325C 16327T 73G 146C 249del 263G 290del 291del 309.1C 315.1C 489C
493G 523del 524del, observed in 30 samples.

Native haplogroups in Ashaninka

All major Native American lineages (except haplogroup X) were found in the sample.
Haplogroup D1 was the most frequent with a percentage of 33 %, followed by
haplogroups A2 (25 %), C1 (22 %) and B2 (20 %). With only 1 % frequency in our
sample, haplogroup B4 was just found in 1 sample. Corroborating previous results, no

clear linguistic of geographic patterns emerged when adding this new data to the already



84

available information from native groups from South America (ARIAS et al., 2018;
SIMAO et al., 2018).

Maternal vs. Paternal ancestries
In 2015, Tineo et al. (TINEO et al., 2015) studied a total of 58 samples from the
Ashaninka linguistic group from Peru, for 27 Y chromosome specific STR markers

included in the Y-filer Plus kit (Thermo Fisher). To determine the possible geographic
origin of the paternal lineages, these samples were further genotyped for Y-SNPs. Most
profiles were classified inside haplogroup Q, the most frequent in native-Americans. A
single haplotype belonged to the African haplogroup E-M2*(xU209, M191), and 4 were
from European ancestry, namely from haplogroups R1b-P25, G-M201 and K- M9*
(xTat,92R7, M70) (unpublished data). From this group of samples, 55 overlap those
studied for mtDNA markers, all belonging to native-American haplogroups. Although
some native South American populations suffered a strong admixture with European
and African individuals, others appear to have maintained their original genetic
background. The Ashaninka population studied in this work, seems to have remained
relatively isolated, with just a small input of non-native male lineages. This can be
explained by its remote location in the tropical forest and a sex biased admixture, not
detected in their maternal inheritance.

Tracing Arawakan Southern Dispersal

A previous study of the mtDNA control region of samples from Terena (Brazil) and
Shipibo-Conibo (Peru) native groups allow detecting the presence of the
B2+16051G+16360T+152C lineage in these populations (unpublished data). The
deeper investigation of this particular lineage at the highest resolution possible (the full
mtDNA genome) confirm that the lineages present in Peru and Brazil are very similar.
The same lineage was detected along the Peruvian lowlands, the Titicaca basin and the
Bolivian Moxos, when only the CR or partial CR was investigated (BERT et al., 2009).

In the present study, a closely related B2 lineage was identified in the Peruvian
Ashaninka (B2+16051G+ 16129A+152C), which was further sequenced for the full
mtDNA genome. This lineage (full genome) was also found in other Peruvian samples,
and previously described (only CR) in Matsiguenga and Yanesha tribes, all pre-Andine
Arawakans (Fig. 1), indicating a regional diversification of this specific lineage.
Particularly in western Amazonia/Bolivian Llanos and Wetlands, the B2 + 16051G +
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16360T + 7786C +152C stands out as a possible reminiscence of an Arawakan southern
migration. Characterized as riverine groups with developed watercraft techniques, a
southern migration alongside the Ucayali and Urumbamba rivers until reaching Madre

de Dios River and finally the Pantanal wetlands in Brazil would not be surprising.

N
3
1
ECUADOR f
| ~
/ g) 4
Py f}f
\# = PERU
b
~
- .
NN o J
N . d
N . {
\Qamr:az .t (T) )
\'\ Peru (unpub.)? 17, 1 '
Ay » BRAZIL
\\ ( ') L Cobijd / '
\ Ashaninka® . 7 ~
\ iy 0 N\ L el " Manuripil -
- Machi g:.2 - § N ! )
iguen < -
\ N v \ (
B2 + 160516 Yehsmad ; 3 ,‘ \
® B2+ 16051G + 161204 ( 3 / _7 'l =, .
@ B2+ 180516 + 16360T pEL - (f ( T) Mamﬂ N
B S g, 3
Linguisfically proposed \ - { y rs 4"“0« ", \
migration routes \ LN A 4,,,?0 \
----- DNA proposed “ CapachicaZ)  { T~ Manco Kapac! i .. |
migration souther route A - ( St e,
. AS * Sy T, WETLANDS
*Present Study data \.\ .. e T '?Dws ‘ ................ PANTANAL
THVS 1 data T . Ty -
2CR data ™, . Vs oS _6 o
ha A Muriic'
3Full mitogenome data ™ < AN
N L } \ 3
\_t_/[ 3 ¥ BOLIVIA H
(SO Y
AVI!H\ar;\Z ‘\2 f v
J ir \, Temnz'
} X
) A 5
f H\" I _ PARAGUAY 4
[ cHLE J/' \—ﬂ-\/ B4 L
5 { AN i e
< v ‘ }
J S N \
I 1 pe )

Fig. 1 B2+16051G (yellow), B2+16051G+16129A (pink), B2+16051G+16360T (dark blue) lineages distribution
across the Peruvian lowlands, lake Titicaca, Bolivian Moxos and Brazilian Wetlands. Samples in bold and with a *
are the present study data, other groups have been gathered from literature [all of them]. Orange arrows represent the
linguistically proposed migration routes by the Arawakan, the green arrow is the migration route proposed by the
mtDNA results. Shaded green area is the linguistic proposed location of origin of the Arawak language, shaded blue
area represents the wetlands covered area. Other populations’ data retrieved from (AUTON et al., 2015; DE SAINT
PIERRE et al., 2012h; SANDOVAL et al., 2013; TABOADA-ECHALAR et al., 2013; VALVERDE et al., 2016).

Conclusions

According to historical data, the native populations living in the Amazonian rainforest
have remained considerable isolated, with no or reduced European and African influxes.
Our results corroborate the low genetic input of non-native maternal lineages in the

Ashaninka native group. However, even if low, it is possible to find some European and
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African paternal input. Further data on autosomal markers would help to clarify the
extend of this non-native influence on the Ashaninka.

The study of mitogenomes for the B2+16051G+16360T+152C lineages help to identify
a possible southern route of migration of the Arawakan natives and supports a western

Amazonian origin of this linguistic family.
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DISCUSSAO FINAL E CONCLUSOES

As populacbes da América do Sul sdo das mais heterogéneas do mundo. No
entanto, muitas delas, carecem de estudos detalhados que descrevam a composi¢do
genética dos seus individuos. As popula¢des do Rio de Janeiro, do Paraguai e do grupo
nativo Ashaninka, analisadas na presente tese, tém historias muito distintas, espelhadas
na composicao genética obtida pela analise do mtDNA.

Os primeiros ocupantes do territorio do Rio de Janeiro e do Este do Paraguai
foram indigenas pertencentes a familia linguistica Tupi-Guarani. J& o grupo indigena
Ashaninka pertence a familia linguistica Arawak. Esta diferenca de origem linguistica
foi, de certa forma, observada pela distribuicdo dos haplogrupos nativos nos trés grupos
de amostras estudados. A linhagem D foi maioritaria na populacdo Ashaninka mas no
Rio de Janeiro e no Paraguai o haplogrupo D esta presente em menor proporgdo. Por
outro lado, alguns haplogrupos encontrados no Rio de Janeiro e no Paraguai, ndo estdo
presentes no grupo Ashaninka (ou encontram-se em porcentagem muito baixa). E o caso
do haplogrupo B4b que representa uma frequéncia de 22 % e 17 % das linhagens
nativas do Rio de Janeiro e Paraguai, respetivamente, e estd presente em apenas uma
amostra das 171 de nativos do Peru.

A variacdo encontrada nas proporcdes de linhagens ndo-nativas nos trés grupos
pode estar associada, ndo sd, a influéncia diferencial de colonizadores europeus no
Brasil, Paraguai e Peru, mas também ao isolamento mantido pelos grupos nativos
durante o periodo colonial, como é o caso dos Ashaninka do Peru.

Durante o periodo colonial, o Rio de Janeiro foi um dos principais portos
maritimos da regido sul do continente americano, por onde entrou um elevado nimero
de colonizadores europeus e escravos africanos. Nos dias de hoje, é ainda evidente a
elevada contribuicdo materna com origem nestes dois continentes, a par da preservagédo
de um componente significativo de origem nativo-americana.

A populagdo do Paraguai, apesar de ter sofrido influéncia europeia durante o
periodo colonial, sempre foi um territorio consideravelmente isolado, com menor
contribuicdo de populacdes europeias ou africanas. Este fato foi comprovado com os
marcadores de mtDNA, onde a grande maioria dos haplétipos pertencem a linhagens

maternas nativo-americanas e muito poucos pertencem a linhagens europeias ou
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africanas. O estudo aprofundado por MPS de mitogenomas de individuos residentes no
departamento do Alto Parané revelou, de igual forma, a elevada contribuicdo nativa.

Por outro lado, a populagdo Ashaninka do Peru manteve-se isolada na floresta
amazonica, desde a chegada dos Espanhois, com pouco ou nenhum contacto com outros
grupos populacionais, ndo evidenciando, por isso, qualquer contribuicdo africana ou
europeia.

A metodologia de Sanger, aplicada neste estudo para o0 sequenciamento da
regido controle do mtDNA, é amplamente utilizada em estudos populacionais e
forenses. Trata-se de uma metodologia rapida e de baixo custo. Contudo, para uma
analise mais aprofundada do genoma mitocondrial, a utilizacdo deste método pode
tornar-se moroso e com elevados custos, dado o grande nimero de reacdes por amostra
que sdo necessarias efetuar para o sequenciamento completo da molécula de mtDNA.
Desta forma, as tecnologias de sequenciamento massivo paralelo vieram agilizar o
sequenciamento do mitogenoma. Dependendo do aparelho, com uma Unica corrida num
instrumento de sequenciacdo de proxima geracdo é possivel obter dezenas ou mesmo
centenas de mitogenomas com elevada eficiéncia.

Neste trabalho, foi realizado um teste preliminar nas amostras dos individuos
Ashaninka, com a amplificacdo de dois fragmentos sobrepostos para obtencdo dos
polimorfismos localizados na totalidade da mtDNA. No entanto, devido ao estado de
conservacdo, as amostras de sangue encontravam-se degradadas, pelo que nédo foi
possivel realizar a amplificacdo nessas condi¢cdes. A metodologia de MPS aplicada com
recurso aos kits Precision ID mtDNA Whole Genome Panel e Ampliseq Library permitiu
a amplificacdo de 162 segmentos mais curtos (média de 163 pbs), o que se verificou
vantajoso, dada a baixa qualidade das amostras.

A andlise de polimorfismos presentes na regido codificante do mtDNA permite
obter informagdo mais detalhada das linhagens maternas e, desta forma, desvendar
aspetos sobre as migracdes humanas e a constituicdo das populacfes. Para além disso,
as metodologias de MPS permitem o estudo de amostras forenses em que a qualidade
e/ou a quantidade de DNA sdo reduzidas.

No entanto, sendo que a metodologia de Sanger continua a ser amplamente
utilizada em laboratérios forenses nos dias de hoje, a criacdo de bases de dados
representativas de populacGes residentes nas diferentes regibes do mundo, com

detalhamento da sua composicdo genética, é de extrema relevancia.
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Os resultados obtidos com a presente tese permitiram, por um lado, aprofundar o

conhecimento existente sobre a ancestralidade materna de populagdes da América do

Sul, destacando como os diferentes eventos historicos influénciaram a composi¢édo

genética de 3 populacBes muito distintas. Por outro lado, obtiveram-se bases de dados

robustas e detalhas, que poderao ser utilizadas na rotina forense.

Em resumo:

a)

b)

d)

f)

O estudo da populacdo do Rio de Janeiro permitiu determinar o aporte, mais
ou menos equitativo, de linhagens maternas de origem africana, nativo-
americana e europeia, contribuindo para o aprofundamento e detalhamento

da sua composicdo genética.

O perfil genético africano do Rio de Janeiro demonstrou uma contribuicdo
maioritaria das regides Sudoeste e Centro-Oeste de Africa, revelada pelas

semelhancas encontradas com os haplogrupos presentes nestas regides.

Verificou-se a inexisténcia de um padrdo genético entre as linhagens nativo-
americanas, motivada por efeitos de deriva génica, o que impossibilitou a

atribuicdo de uma origem étnica do componente nativo no Rio de Janeiro.

Ndo foi possivel realizar uma inferéncia sobre a origem das linhagens
europeias no Rio de Janeiro, devido a baixa diferenciacdo genética entre

populacdes de referéncia.

Na analise da composicdo genética do Paraguai encontrou-se uma

ancestralidade materna nativo-americana maioritaria.

A analise conjunta de marcadores autossémicos e do mtDNA revelaram
processos de mistura recentes entre o Paraguai e outras populagdes ja
miscigenadas, mostrando a importancia dos processos de miscigenagdo pos-

coloniais na modulacéo do padrdo genético atual do Paraguai.



9)

h)

)
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A implementacdo da metodologia MPS no estudo de amostras do Alto
Parang, Paraguai, permitiu confirmar o aumento de diversidade e obter uma
maior precisdo na classificacdo dos haplogrupos, comparativamente a analise

da regido controle.

Os resultados do estudo das linhagens nativas do Alto Parana indicaram um
input ndo s6 de individuos pertencentes a familia linguistica Tupi-Guarani,

como também a outros grupos linguisticos.

O isolamento da populagdo Ashaninka foi corroborado pela baixa
diversidade haplotipica encontrada e pela inexisténcia de linhagens maternas

nao-nativas.

Foi detectada uma possivel rota migratoria dos grupos Arawak para Sul do
subcontinente Sul Americano, através da analise das linhagens B2 + 16051G

+ 152C e posterior comparacdo com outras populagdes sul-americanas.
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ANEXO A — Extragéo organica de sangue total - mancha em papel FTA

Procedimento
1 - Antes de iniciar o procedimento, limpar a capela de exaustdo e marcar o codigo de
cada amostra em 3 tubos.

2 - Cortar em pedacos uma porcdo do papel FTA contendo a mancha de sangue, com
aproximadamente 1 cm? (variando de acordo com a intensidade da mancha), para um
tubo de 1,5 mL.

3 - Adicionar 200 pL de SSC 1X e esperar 15 min para voltar a hidratar a mancha de

sangue. Macerar com uma ponta de pipeta ou pistilo.
4 - Adicionar mais 800 pL de SSC 1X, agitar em vortex e esperar 15 min,.

5 - Centrifugar por 5 min a 13 224 g (Microcentrifuga CT-15000 Cientec, 12000 rpm) e
descartar o sobrenadante (usando uma pipeta), deixando aproximadamente 30 pL.

Nota: Se o papel e o sobrenadante estiverem muito corados (muita hemoglobina) deve-se fazer

uma nova lavagem com SSC 1X , repetindo os passos 4 € 5

6 — Adicionar 400 pL de Tampédo de Extracdo, 25 uL de Proteinase K a 10 mg/mL e 20
pL de solucdo de DTT a 1M. Incubar a 37°C toda a noite.

7 - Adicionar 200 pL de Fenol/Cloroférmio/Alcool Isoamilico (25:24:1) e agitar em

vortex até formar uma emulsdo leitosa (10 segundos);

8 - Centrifugar 3 minutos a 13 224 g. Transferir a fase aquosa (superior) para outro
eppendorf, usando uma ponteira de 200 pL cortada na extremidade. Descartar também a

interface, que contém as proteinas.

9 - Adicionar 200 pL de Cloroférmio/Alcool Isoamilico (24:1) e agitar em vortex até

formar uma emulsdo leitosa (10 segundos).

10 - Centrifugar por 3 minutos a 13 224 g. Transferir a fase aquosa (superior), com

ponteira de 200 pL cortada na extremidade, para outro eppendorf.

Nota: Se a fase inferior estiver muito corada ou se a interface ainda estiver difusa, deve-se
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repetir os passos 9 e 10.

11 - Adicionar 35 pL de solucdo de Acetato de sddio a 3M e 1000 pL de Etanol a 100%
(gelado). Agitar bem e colocar a -20°C a noite toda ou a -80°C durante 20-30 min.

13 - Centrifugar 15 minutos a 13 000 rpm, numa centrifuga refrigerada a 4 °C. Decantar

muito cuidadosamente.
14 - Adicionar 1000 pL de Etanol 70% (gelado) e agitar.

15 - Centrifugar por 5 minutos a a 13 224 g. Decantar muito cuidadosamente (escorrer
em papel) e deixar secar.

16 - Ressuspender em 30 -50 pL de TE.
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Keywords:
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In this study, samples of non-related individuals from Rio the Janeiro State were genotyped for AIM-Indels. The
results showed a prevalence of the European ancestry (63%), followed by an African contribution (25%), and
Native American background was less represented (12%). This sample was divided in subsets including vo-
lunteers from research works and selected from paternity casework. Comparing the residence place of the in-
dividuals in each subsample, differences were observed in the representation of each municipalities in Rio de

Janeiro State, and higher proportions of African ancestry were observed in samples from outside Rio de Janeiro
metropolitan region, which is the case of the paternity subsamples. These differences should be considered when
performing paternity investigations involving individuals coming from different regions of Rio de Janeiro State,
by using regional databases or by applying a correction for substructure.

1. Introduction

Brazilian populations are highly diverse, due to an intense ad-
mixture that took place during the last five centuries, between Native
Americans, Europeans and Africans [1]. Archeologic and genetic data
showed that Native American populations descended from Asian groups
that entered the continent by the land bridge of Beringia, 15-18,000
vears ago [2]. The Portuguese arrived in Brazil in 1500 but the effective
occupation of the Brazilian coast only took place after 1534. The Afri-
cans were brought to Brazil as slaves during the 16th to 19th centuries.
The recent history of the country is also marked by immigrations of
individuals from other countries in Europe and Asia, who occupied
mainly the South and Southeast regions of Brazil, in addition to internal
migration. Due to the colonization process, and the recent European
and internal migrations, Brazil shows varying regional patterns of ad-
mixture [3,47],

The ancestry of the Rio de Janeiro population was previous in-
vestigated by Manta et al. [5] using 46 AIM indels described by Pereira
et al. [6], in a sample of 280 unrelated individuals born in the me-
tropolitan region. In the present study 762 samples from the State of
Rio de Janeiro were genotyped for the same set of AIM indels in order
to update the available database. At the same time, we aim to in-
vestigate if differences existed between the samples collected for re-
search studies and those from paternity casework.

2. Materials and methods
2.1. DNA samples

A total sample of 1042 non-related individuals from Rio the Janeiro
was included in this study. These samples have been collected with two
different purposes. Three subsets include samples collected from vo-
lunteers (mainly employees and students from the State University of
Rio the Janeiro - UERJ) to participate in research works, during the
years 2014, 2015 and 2016. The remaining samples were selected from
paternity casework in the DNA Diagnostic Laboratory from the State
University of Rio the Janeiro (LDD-UERJ), for the vears 2002-2004 and
2010-2016.

This study, together with the written informed consent signed by
sample donors, was approved by the Ethics Committee of the State
University of Rio de Janeiro (CAAE: 0067.0.228.000-09).

DNA was extracted from bloodstains using a standard phenol—
chloroform protocol.

2.2. Genetic markers and genotyping
The samples were genotyped for 46 AIM-InDel markers, by PCR

multiplex and capillary electrophoresis, as previously described in
Pereira et al. [6]. Separation of the PCR amplified products and

* Corresponding author at: DNA Diagnostic Laboratory (LDD), State University of Rio de Janeiro (UERJ), Brazil.

E-mail address: leonorbgusmao@gmail.com (L. Gusmao).
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detection were performed on a 3500 Genetic Analyser {Applied Bio-
systems), using POP-7™ polymer {Applied Biosystems). The genotypes
were assigned using the software GeneMapper v4.1 (Applied Biosys-
tems).

2.3. Statistical data analyses

The apportionment of genetic ancestral contributions was estimated
using the software STRUCTURE v2.3.3 [7,8]. To estimate the ancestral
membership proportions, a supervised analysis was performed using
prior information on the geographic origin for the African, European
and Native American reference samples (data from Pereira et al. [6]).
The STRUCTURE runs comprised three replicates of 100,000 burning
steps followed by 100,000 Markov Chain Monte Carlo (MCMC) itera-
tions. A tri-hybrid contribution from Native Americans, Europeans and
Africans was assumed (K = 3). The “Admixture model” was used, and
allele frequencies were correlated and updated using only individuals
with POPFLAG = 1 (in this case, the HGDP-CEPH samples used as re-
ference).

3. Results and discussion

The results obtained from the analysis of the 46 AIM-Indels showed
that, when increasing the size of the sample from Rio the Janeiro from
280 to 1042 individuals, there is a prevalence of the European ancestry,
followed by an African contribution. This is in accordance with what
was previously reported by Manta et al. [5], although, with the incre-
ment on sample size, the European contribution slightly increased
(from 55% to 63%) and the African ancestry became lower (decreasing
from 30% to 25%). The Native American background was the less re-
presented, accounting for 12%, a value that is similar to that observed
by Manta et al. [5].

To see if the ancestry estimates for Rio de Janeiro population can
vary with sampling collection criteria, samples included in this study
were subdivided in eleven different groups. The first three groups in-
cluded employees and students from UERJ that participated as volun-
teers in research projects during the years 2014-2016, respectively. The
remaining groups include individuals from paternity casework, corre-
sponding to different years of samples collection. The Native American,
Furopean and African contributions to each group are represented in
Fig. 1.

The average ancestry values calculated for the volunteers partici-
pating in research projects were similar to those observed in the group

u African

90
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Fig. 1. Comparison of the average proportion of
Native American, European and African ancestry,
among non-related individuals within eleven sample
sets (based on sampling criteria}.

|
|
|
|
|

from paternity casework in 2002-2004. However, lower European and
higher African ancestries were observed for the paternity groups from
2010 onwards (Fig. 1). The average values of Native American ancestry
presented low variation between the groups of volunteers and pater-
nity, as well as along the evaluated period, being around 18%.
Comparing the residence place of the individuals in each subsample,
we can see that differences exist in the representation of each munici-
palities in Rio de Janeiro State. Indeed, higher proportions of African
ancestry are observed when samples come from outside Rio de Janeiro
metropolitan region, which is the case of the patemity subsamples.

4. Conclusion

In the present study, we have enlarged the population database of
Rio de Janeiro State. Although the ancestry values did not change
significantly from those previously published by Manta et al. [5], it was
found that the ancestry values obtained for the global samples did not
represent well the profile of the reference sample from our paternity
casework. This study points to the need of a more detailed study on
populations from different regions, to better disclose the stratification
of Rio de Janeiro State.

The differences observed between the sample from volunteers and
paternities emphasize the importance of sampling strategies in admixed
populations. Moreover, these differences should also be considered
when performing paternity investigations involving individuals coming
from different regions of Rio de Janeiro State, by using regional data-
bases or by applying a correction for substructure.
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Table S1. Haplogroup and haplotypes found in a sample from 205 unrelated individuals living in Rio de Janeiro metropolitan region for mtDNA control region (16024-576)

Sample ID |Haplogroup n [Haplotype

PRJ009  |L3f2b 1]16209C  |16223T |16294T [16311C |16519C |73G 146C [263G  [315.1C |374.1A

PRJ010 B4b 1]16126C 16183C |16189C [16217C |16372C |16519C |[73G 263G [315.1C [499A

PRJ018 L1c2 1[16129A 16187T [16189C [16223T |16265C |16286G [16294T [16311C [16360T |16519C |16527T |73G 151T 152C |182T |186A [189C [195C |[198T [200G |247A |263G [297G |315.1C |316A
PRJ021  |L3d2b 1]16093C  |16111T |16124C [16223T |73G 152C 199C [263G  [315.1C |523del [524del

PRJ023 M7cl 1]16223T 16295T |16362C [16519C |73G 146C 199C 263G [309.1C [315.1C [489C 523del |524del

PRJ024 |L3d 1]16124C  |16223T |73G 152C 199C 263G 315.1C [523del [524del

PRJ027 |LOd2al 1]16129A |16187T |16188T [16189C |16212G [16223T |[16230G |16243C [16311C |16390A |16519C [73G 146C [152C [195C [198T |247A |315.1C |498del [523del |524del

PRJ030 |LOalbl 1]|16129A  |16148T |16168T [16172C [16187T |[16188G |[16189C |16223T |16230G [16278T |16293G |16311C |16320T |93G 95C 185A [189G |236C [247A 263G [309.1C [315.1C |523del [524del
PRJ040 |Llc3c 1]16187T  |16189C [16223T [16278T |16293G [16294T |[16311C |16360T |16519C |73G 93G 151T |152C  |182T [186A [189C |195C [247A |248G [263G |315.1C |316A |[458T |523del [524del
PRJ042 H 1]16129A 16249C |16519C [263G 309.1C |309.2C [315.1C

PRJ046  |A2+(64) 1]|16111T  |16172C [16223T [16290T [16319A [16320T |16362C |64T 73G 146C  [153G  [263G  |309.1C |315.1C |523del [524del

PRJ048 |LOala2 1]16129A  |16148T |16168T ([16172C |16187T [16188G [16189C |16223T |16230G [16311C |16320T [16362C 64T 93G 185A |189G [200G |236C |[247A 263G [309.1C [315.1C |523del [524del
PRJ052 [A2+(64)+@153 1]16111T 16223T |16290T |[16319A [16362C |64T 73G 146C 235G [263G [315.1C [523del [524del

PRJ056 L1b2a 1(16111T 16126C [16187T |16189C |16223T |16239T [16270T [16278T [16293G |16311C |16519C |73G 146C 152C |182T |185T [189G |247A 263G |315.1C (357G |523del |524del
PRJ061 L1b 1(16126C 16187T |[16189C |16223T |16264T |16270T |[16278T [16311C |16519C |73G 152C 182T |185T 195C |247A |263G [315.1C|357G [523del [524del

PRJ063 B4b 1]16178C 16183C |16189C [16193.1C|16217C |16519C |[73G 263G [315.1C [499A

PRJ065  |W+194 1]16223T  |16274A |16292T [16519C |73G 189G 194T [195C [204C |207A |263G  [309.1C |315.1C

PRJ066 H3c2 1]16176T 195C 263G 315.1C |524.1A [524.2C

PRJ067 |L2c2blb 1]16223T  |16264T |16278T |16311C [16390A |[73G 93G 146C  [150T |152C |182T [183G |195C |198T |263G [264T |315.1C[325T |523del [524del

PRJ069  |Klc 1]16224C  |16311C [16519C |73G 146C 152C 263G [309.1C [315.1C |498del [550C

PRJO71 L2blb 1]16114A 16129A |16153A [16213A |16223T |16278T |16311C |16362C |16390A |73G 146C 150T [152C 182T |183G |195C [198T [204C |[263G |315.1C|385G [418T |523del |524del
PRJ078 |HV17 1]|16111T  |16519C [263G 309.1C  |309.2C  [315.1C [573.1C

PRJ079 |L3e2b 1]16172C  |16183C |16189C [16223T |16320T |73G 150T |195C [263G |309.1C |315.1C

PRJ081 B4b 1]16183C 16189C |16193.1C [16217C |16519C |73G 263G |315.1C [499A [524.1A [524.2C

PRJ082 |A2 1]16111T  |16223T |16290T [16319A |16362C |73G 146C [153G [235G |263G  [309.1C |315.1C

PRJ083 L1c3bla 1]16129A 16163G |16187T [16189C |16209C |16223T [16278T [16293G |16294T |16311C |16360T |16519C [73G 151T |152C |182T |[186A [189C [247A |263G |315.1C [316A |523del |524del
PRJ085 B4b 1(16183C 16189C [16217C |16519C |73G 263G 309.1C |315.1C |499A |524.1A [524.2C |524.3A [524.4C

PRJ086  |A2al 1]16111T  |16126C |16223T [16259T |16290T [16319A |16362C |16519C |[73G 146C [153G  [235G |263G  |309.1C |315.1C [523del |524del

PRJ093 H66a 1]16172C 16519C |151Y 152C 263G 315.1C

PRJ095 |B2b3a 1]16147Y  |16168T [16182C [16183C |16189C [16217C |[16249C |16312G |16519C |73G 152C 263G [271T  [309.1C |309.2C |315.1C [499A

PRJ099 |T2b 1]16126C  |16294T |16296T [16304C |16519C |73G 152C  |207R  [263G  |309.1C |315.1C

PRJ101 RO 1]16140C 16519C |263G 309.1C |315.1C

PRJ102 |Llc3a 1]16129A  |16183C |16189C [16215G |16223T [16278T [16294T |16311C |16360T [16519C |73G 151T |152C  |182T [186A [189C |247A [263G |315.1C [316A |408A [494T |523del |524del
PRJ103 Clb 1]16051G 16223T |16298C [16325C |16327T |16519C |[73G 249del |263G  |290del |291del [309.1C [315.1C [489C |493G |523del |524del

PRJ105 |H5 1]16304C  |16519C [146C 263G 309.1C [309.2C [315.1C |456T |524.1A [524.2C

PRJ107 |L3flbla 1]16129A  |16209C |16223T [16291T |16292T [16295T |16311C |16519C |73G 114T [189G [200G 263G |315.1C

PRJ112 L1c3c 1]16187T 16189C |16223T [16278T |16293G |16294T |16311C |16360T |16481G |16519C |73G 93G 1517 152C |182T |186A [189C [195C [247A |248G |263G [309.1C|315.1C |316A [458T |523del |524del
PRJ115 |L3bla+t@16124 1]16223T  |16278T |16362C [16519C |73G 263G 309.1C [315.1C [523del |524del

PRJ117 H 1(16519C 195C 263G 315.1C

PRJ118 D4 1]16223T 16325C |16346A [16362C [57G 73G 185A  |263G  [309.1C [315.1C [489C

PRJ120 |LOa2a2 1]16148T  |16172C |16187T [16188G |16189C [16223T |16230G |16311C [16320T |16519C |64T 93G 150T [152C [189G [204C |207A [236C |247A |[263G |309.1C [315.1C |523del |524del
PRJ123 [A2ab 1]16111T 16223T |16290T [16291T [16319A |16362C |57A 58A 59C 64T 73G 146C |153G |235G |236C 263G |309.1C [315.1C |523del [524del

PRJ124 |U2el 1]16051G  |16129C |16189C |16362C [16519C [73G 152C  |217C  [263G |315.1C [340T |[508G

PRJ127 |B20 1]16092C  |16183C |16189C [16193.1C |16217C [16519C |[73G 263G |315.1C [499A |524.1A |524.2C [524.3A [524.4C

PRJ129 L3e2b 1]16172C 16189C |16223T [16239T |16320T |16519C |[73G 150T 195C 263G |315.1C

PRJ133 |Clb 1]16037G  |16223T |16298C [16325C |16327T |73G 152C  [249del [263G  |290del [291del [309.1C |315.1C |489C [493G [523del |524del

PRJ135 [J2alala 1(16069T 16126C [16145A |16231C |16261T |16519C |[73G 150T 152C 195C 215G |263G  |295T 310.1T [315.1C [319C |489C [513A

PRJ137 [J2blcl 1]16069T 16126C |16193T [16319A |16360T |73G 150T 152C  |263G  |295T 309.1C |315.1C |456T 489C  [523del |[524del

PRJ141 |L2alq 1]16189C  |16193.1C |16223T [16245T |16278T [16294T |16309G |16390A [73G 143A  |146C [152C |263G |315.1C

PRJ145 |Cl1b 1]16189C  |16190T |16193.1C [16223T |16248A [16298C [16325C |16327T |16360T |73G 152C  |249del [263G  [290del |291del |309.1C [315.1C |489C (493G |523del |524del
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PRJ146 |L3elfl 1]16189C 16223T |16311C |16327T |73G 150T 189G |200G [204C |207A |263G [315.1C

PRJ147  |L2al+16189+(16192) [1|16189C 16192T |16223T |16278T |16294T |16309G |16390A [16519C [73G 146C [|152C  [195C [263G  |309.1C |315.1C

PRJ168 |B2b3a 1]16182C 16183C |16189C |16217C |16249C |16311C |16312G [16344T [16519C |73G 152C 263G |271T [309.1C [315.1C [460C |499A

PRJ169 [Licla2 1[16129A [16189C |16223T |16231C [16274A [16278T |16293G |16294T |16311C [16360T [16519C [64T 73G 76T 89C 93G 95C 152C [182T |186A |189C [236C |247A [263G |297G |315.1C [316A |523del |524del
PRJ171 |L3ela 1]16185T 16223T |16327T |16519C |73G 150T 189G |200G [263G  [315.1C

PRJ172 |H 1]16148T 16519C |152C 207A 263G 309.1C |315.1C

PRJ177 |L3b 1(16223T 16278T [16362C |16527T |73G 263G 315.1C |523del |524del

PRJ179  |L1c3b 1]16129A  |16163G [16187T [16189C [16223T |[16278T |[16293G |16294T |16311C [16360T |16519C |73G 151T [152C [182T [186A |189C [247A 263G [315.1C|316A |523del [524del
PRJ180 [L3el 1(16223T 16327T [73G 150T 189G 200G 263G |315.1C

PRJ182  |A2+(64) 1]16111T 16223T |16290T |16319A |16362C |16519C |64T 73G 146C  [153G |210G |235G [263G  [309.1C [315.1C |523del [524del

PRJ186 |L3eld 1]16176T 16223T |16327T |73G 150T 152C 189G |200G [263G  [315.1C

PRJ187 |A2+(64) 1(16111T 16215G  [16223T |16290T |16319A |16362C [16519C [64T 73G 146C |153G  [235G [263G  |309.1C |309.2C |315.1C [374G |482C [523del |524del

PRJ188 |V7 1]16298C 16519C |72A 93G 152C 263G 309.1C |315.1C

PRJ190 |L2alcl 1]16086C 16223T |16278T |16294T |16309G |16390A |73G 143A  |146C [152C |195C [198T [263G [315.1C

PRJ198 |B2b+152 1(16182C 16183C [16189C |16217C |16241G |16519C [73G 103A  |152C [263G |315.1C |499A

PRJ200 |U6a6a 1]16079T 16172C |16183C |16189C |16219G |16278T |73G 263G |315.1C

PRJ201 |Clb 1(16223T 16298C [16325C |16327T |73G 207A 249del |263G  [290del [291del |309.1C |309.2C [315.1C [489C [493G [523del |524del

PRJ202  |B4b 1]16178C 16183C |16189C |16193.1C|16217C |16519C |73G 263G |315.1C |499A

PRJ203 |Ll1c2ala 1]16071T 16129A |16145A |16187T |16189C |16213A |16223T [16234T |16265C |16278T [16286G |16294T |16311C |16360T |16527T |73G 151T |152C |182T |186A |[189C |195C |[198T |[247A |263G [297G |315.1C |316A
PRJ205 [Llc 1[16129A  [16187T |16189C |16223T [16278T [16294T |16311C [16360T [16519C [73G 93G 151T |152C |182T |186A |189C |195C |247A 248G |263G [309.1C |315.1C [316A |523del |524del
PRJ206 |H15 1]44.1C 55C 56T 57C 60.1T 263G 309.1C |315.1C

PRJ207 |U6a7alb 1]16172C 16219G |16278T |73G 150T 152C 263G |315.1C

PRJ208 |J1c7 1]16069T 16092C |16126C |16261T |73G 182T 185A |228A [263G  [295T |315.1C |462T [489C

PRJ209 |L3e2al 1]16223T 16254G  |16320T |16519C |73G 150T 195C |198T [263G [315.1C

PRJ211 |Cld+194 1[16051G  [16092C |16223T |16298C [16325C |16327T |16519C |73G 194T  |249del [263G |290del |291del [309.1C [315.1C [489C |523del [524del

PRJ212  |B4b 1]16178C 16183C |16189C |16193.1C|16193.2C |16193.3C |16217C [16519C [73G 263G |309.1C [309.2C [315.1C [499A

PRJ214 |Mla3 1]|16129A |16183C |16189C |16249C [16311C [73G 263G |309.1C [315.1C |489C

PRJ215 |A2+(64) 1(16104T 16111T [16223T |16290T |16319A |16362C [16519C [64T 73G 146C |153G [235G [263G  |309.1C |315.1C |523del [524del |573.1C |573.2C |573.3C

PRJ218 |D1 1]16193T 16223T |16325C |16362C |16519C |73G 204A  |263G  [315.1C [489C |573.1C [573.2C [573.3C

PRJ219 [RO 1(16167T 16519C [263G 309.1C [315.1C

PRJ221 |C1d+194 1]16051G  |16093C |16223T |16287T [16298C [16311C [16325C |16327T |55C 57C 73G 194T  |249del |263G  |290del [291del |315.1C [489C |523del [524del

PRJ223 |L3flb4a 1]16209C 16223T |16311C |16519C |73G 150T 189G |200G [263G  [315.1C |523del |524del

PRJ225 [RO 1(16519C 152Y 263G 309.1C [309.2C |315.1C

PRJ226 |H33c 1]16188T 16519C  |263G 309.1C  [315.1C

PRJ227 |Jlc 1]16069T 16126C |73G 185A 228A 263G 295T |315.1C [462T |489C

PRJ228 |B4b 1{16093C 16129A [16178C |16183C |16189C [16193.1C [16217C [16519C [73G 263G |309.1C |315.1C |499A

PRJ231 |A2+(64)+@153 1]16111T 16185T |16223T |16290T |16319A ]16362C |16519C [59C 62T 64T 73G 146C |235G 263G [309.1C [315.1C |523del [524del

PRJ232 |L3flbda 1{16209C 16223T [16261T |16311C |16519C |73G 150T |189G 200G |263G [315.1C

PRJ233 |Llcl 1]16129A  |16166C [16172C [16173T [16188A |[16189C |[16223T |16256T |16278T [16293G |16294T |16311C |16360T [16368C [16519C [73G 151T |152C |182T |[186A [189G |195C [198T |247A |263G (297G |315.1C |316A |523del [524del
PRJ235 |U5al 1]16189C 16192T |16256T |16270T |16399G |73G 263G |315.1C

PRJ236 |L3eld 1(16176T 16222T [16223T |16327T |73G 150T 152C  |200G |263G |315.1C

PRJ237 |A2m 1]16111T 16223T |16240G |16290T |16311C |16319A ]16362C [16519C [73G 146C [153G [235G |263G  |315.1C |523del [524del

PRJ239  |L3e2b+152 1]16172C 16183C |16189C |16223T |16320T |16519C |73G 150T [152C [195C 263G [309.1C [315.1C

PRJ240 |L3d3a 1]16086C 16124C |16223T |16311C |73G 152C 195C  [263G  [315.1C |523del [524del

PRJ242 |Hlc 1]16519C 263G 315.1C  [477C

PRJ243 |L3flbla 1[16129A  [16209C |16223T |16292T [16295T |16311C |16519C |73G 150T |189G |263G [315.1C

PRJ244  |LOalbl 1]16129A  |16148T |16168T [16172C |[16187T [16188G |[16189C |16223T |16230G [16278T |16293G |16311C |16320T |93G 95C 185A [189G |236C [247A 263G [315.1C |523del |524del
PRJ248  |J1c+16261 1]16069T 16126C |16261T |16311Y |73G 146C 185A |228A 263G [295T |309.1C |315.1C [462T [489C

PRJ249 |L3flbda 1{16209C 16223T [16311C |16519C |73G 150T 189G |200G |263G |315.1C

PRJ251 |RO 1]16163G  [16519C [263G 315.1C |573.1C |573.2C |573.3C |573.4C |573.5C
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PRJ258 |U6a3b 1]16172C 16183C |16189C |16193.1C|16219G |16278T |71del [73G 146C [152C [185A |188G 263G |309.1C [309.2C [315.1C

PRJ260  [B2b+152 1]16166G  |16182C |16183C [16189C [16217C [16241G [16519C |73G 103A  [152C  [263G  |309.1C |315.1C |499A

PRJ268 |USh2blal 1]16270T 16292T |16362C |16526A |73G 150T 263G |309.1C |315.1C

PRJ274 |L1clbl 1{16086C 16129A [16187T |16189C |16192T |16223T [16241G [16278T [16291T |16294T |16311C |16519C |73G 151T |152C |182T |186A |189C |195C |198T [247A |263G [297G |315.1C |316A [523del |524del
PRJ280 |Cl1b 1]16223T 16298C |16325C |16327T |16526A |73G 152C  |249del [263G |290del [291del [309.1C |309.2C |315.1C |489C [493G |523del |524del

PRJ285 |H24 1]16293G  |16519C |199Y 263G 309.1C |315.1C

PRJ287 |L3e2b6 1(16164G  [16172C |16189C |16223T [16320T [16519C |73G 146C [150T [195C 263G [315.1C [523del [524del

PRJ288 |B4b 1]16178C 16183C |16189C |16193.1C|16217C |16519C |73G 263G |315.1C |499A

PRJ289 [RO 1[16188A  [16519C |263G 309.1C [315.1C

PRJ292  |L3ela2 1]16185T 16209C |16223T |16327T |73G 150T 152C  |189G [195C [200G |207A [263G [309.1C [315.1C

PRJ293 |Clb 1]16126C 16223T |16298C |16325C |16327T |73G 249del |263G  [290del |291del |309.1C [315.1C [489C |[493G |523del |524del

PRJ294 |L2bla 1[16114A  [16129A |16213A |16223T [16278T [16355T |16362C |16390A |73G 150T |152C [182T [195C |198T |204C |263G [309.1C |315.1C |418T |523del [524del

PRJ295 |Wlg 1]16223T 16292T |16320T |16519C |73G 189G 195C |204C [207A |263G |315.1C

PRJ297 |RO 1]16519C 263G 315.1C

PRJ299 |L1c3bla 1[16129A [16163G |16187T |16189C [16209C [16223T |16278T |16293G |16294T [16311C [16360T [16519C |73G 151T |152C |182T |[186A |189C [247A |263G [315.1C|316A |523del [524del
PRJ300 |l 1]16129A  |16223T |16391A [16519C [73G 199C 204C  |250C [263G |315.1C |573.1C [573.2C

PRJ301 |L3dlala 1(16124C 16223T [16319A |73G 150T 152C 263G |315.1C |523del [524del

PRJ302 |L1c3alb 1]16129A  |16183C |16189C [16193.1C [16215G [16223T [16278T |16294T |16311C [16327T |16355T |16360T |16390A |16519C |73G 151T [152C |182T [186A |189C |247A [263G |309.1C [309.2C [315.1C |316A [523del |524del
PRJ307 |LOalbl 1]|16129A  |16148T |16168T [16172C |[16187T |[16188G [16189C |16223T |16230G [16278T |16293G |16311C |16320T |93G 95C 185A [189G |236C [247A |263G |315.1C [523del |524del

PRJ311 |L2bla 1[16114A  [16129A |16213A |16223T [16278T [16355T |16362C |16390A |73G 150T |152C [182T [195C |198T |204C |263G |[315.1C |418T [523del |524del

PRJ312 |B4b 1]16183C 16189C |16193.1C|16217C |16519C |73G 263G |309.1C [309.2C [315.1C |499A [524.1A [524.2C

PRJ314 |Llcla+@198 1]|16129A  |16187T |16189C [16223T [16274A |[16278T |16293G |16294T |16311C [16360T |73G 151T |152C |182T |186A |189C |195C [204C |236C |247A 263G |297G [315.1C|316A |523del [524del
PRJ316 |[U5h 1]16189C 16232T |16270T |16311C |73G 150T 152C  |195C [198T [263G |309.1C [309.2C [315.1C

PRJ323 |L3el 1]16223T 16327T |73G 150T 189G 200G 263G |309.1C |315.1C

PRJ328 |A2ab 1{16086C 16111T [16223T [16290T |16291T |16319A |[16362C |58A 59C 64T 73G 146C |153G |235G |236C |263G |309.1C |309.2C |315.1C |523del [524del

PRJ330 |L2cla 1]16172C 16223T |16278T |16311C |16318G |16390A |73G 146C  [150T |152C |182T [195C |198T |207A |263G [309.1C |315.1C [325T |523del [524del

PRJ332 |U6albla 1]16172C 16219G |16235G |16278T |16355T |16519C |73G 146C [263G  |309.1C |315.1C

PRJ335 [Lic3a 1[16129A [16183C |16189C |16215G [16223T [16278T |16294T |16311C |16360T [16519C [73G 152C |182T |186A |189C |247A 263G [309.1C |315.1C |316A [408A |494T [523del |524del
PRJ336 |RO 1]16519C 263G 315.1C

PRJ337  |H10+(16093) 1]16093C 16519C [263G 315.1C

PRJ338 |Kla 1]16278T 16311C |16519C |73G 263G 309.1C  |315.1C [497T  |523del |524del

PRJ339 |C1 1]16067T 16223T |16296T |16298C |16325C |16327T |73G 249del |263G  [290del [291del |309.1C |315.1C |489C |523del |524del

PRJ341 |L3b 1(16124C 16223T [16278T |16295T |16362C |16519C [73G 263G |309.1C [315.1C |[521del |522del |523del |524del

PRJ342  |L0a2a2 1]16148T 16172C |16187T |16188G |16189C [16223T [16230G [16311C |16320T |16399G [16519C |64T 93G 150T |152C |189G |204C |207A |236C |247A [263G |309.1C |315.1C |523del |524del
PRJ343 |L0a2a2 1]16148T 16172C |16187T |16188G |16189C |16223T |16230G [16311C |16320T |16519C [64T 93G 152C |189G [204C [207A |236C [247A 263G [309.1C |315.1C |523del [524del

PRJ344  |T2b+150 1]16126C 16193T [16294T |16296T |16304C |16519C [73G 150T [263G  [315.1C

PRJ345 |L2alg 1]16131C 16189C |16193.1C |16223T |16225T |16234T [16278T [16294T |16309G |16357C [16390A |73G 152C  [195C [263G [309.1C |315.1C [524.1A |524.2C

PRJ346  |L3f1b+16292 1]16209C 16223T [16292T |16311C |16519C |73G 189G |200G  [263G  [315.1C

PRJ347 |HV 1]16311C 16519C  |263G 309.1C  |315.1C

PRJ348 |A2+(64) 1]16111T 16223T |16290T |16319A |16362C |64T 73G 146C [153G  [235G |263G  [309.1C [315.1C [523del [524del

PRJ349 |D4h3a 1(16223T 16241G [16296T |16301T |16342C |16362C [73G 152C  [263G  [315.1C |489C  [523del [524del

PRJ350 |H13blb 1]16261T 16291T |16519C 200G 263G 309.1C  |315.1C

PRJ352 |L3d1b3a 1]16124C 16223T |16256T |73G 146C 152C 263G |315.1C |523del [524del

PRJ353 |B4b 1]16178C 16183C |16189C |16193.1C|16217C |16519C |73G 263G |309.1C [315.1C |499A

PRJ354  |B2b+152 1]16182C 16183C |16189C |16217C |16241G |16519C |73G 103A [152C |263G  |309.1C [309.2C [315.1C [499A

PRJ355 [L2cl 1(16223T 16278T [16318G |16390A |16519C |73G 93G 146C [150T |151T |152C [182T [195C [198T 263G |309.1C [315.1C|325T [523del |524del

PRJ357 |L2alal 1]16223T 16278T |16294T |16368C |16390A |16519C |73G 146C  [152C |195C 263G  [309.1C [315.1C [524.1A |524.2C |524.3A [524.4C

PRJ358 |L2blb 1]|16114A  |16129A |16213A |16223T [16278T |[16325C [16362C |16390A |16519C |73G 146C |150T [152C [182T [183G |[195C |198T [204C |263G [309.1C |315.1C [385G |418T |523del [524del
PRJ359 [L2alg 1(16131C 16189C [16193.1C |16193.2C |16223T |16225T [16234T [16278T [16294T |16309G |16390A |16519C |73G 146C |152C |195C [263G |281G [309.1C |309.2C |315.1C

PRJ360 |L3dlala 1]16124C 16223T |16319A |73G 150T 152C 263G [315.1C [523del |524del




PRJ361 [L2alal 1]16223T 16278T [16294T |16309G |16368C [16390A |16519C |73G 146C  [152C [195C 263G  [309.1C |315.1C |524.1A |524.2C

PRJ363 [B2b+152 1]16182C  |16183C [16189C |16217C [16241G |16519C |73G 103A [152C [263G |315.1C |499A

PRJ364 |L3d1b3a 1]16124C  |16223T [16256T |73G 146C 152C 263G [315.1C [498.1C |523del |524del

PRJ365 [W+194 1]16223T 16292T [16318G |16519C |73G 189G 194T [195C [204C |207A |263G  [309.1C |315.1C |523del |524del

PRJ366  [L0a2a2 1]16148T 16172C [16187T |16188G |16189C [16223T |16230G [16311C [16320T |16519C |64T 93G 150T |152C [189G |204C |207A [236C [247A [263G [309.1C |315.1C |523del [524del
PRJ367 |C1d+194 1]16051G  |16092C [16223T |16298C [16325C |16327T |[16519C [73G 194T  |249del (263G |290del |291del [309.1C |315.1C |489C |523del [524del

PRJ368 [L1bla+189 1]16126C  |16187T [16189C |16223T [16264T |16270T |16278T [16293G |16311C |16519C [73G 152C  [182T [185T |189G [195C [247A [263G |309.1C |315.1C |357G [523del [524del

PRJ370 |LOd1blbl 1]16140C  |16179T [16187T |16189C [16223T |16230G |16243C [16293G |16311C |16519C [73G 146C  [152C  [188G |195C [204C |207A [247A [315.1C [498del |523del |524del

PRJ371 [U2e12'3 1]16051G  [16129C [16189C |16193.1C [16193.2C |16362C |[16519C [73G 152C [217C [263G  |309.1C [309.2C |315.1C

PRJ372  |L3e2b 1]16172C  |16182C [16183C |16189C [16223T |16320T |[16519C [73G 150T [195C [263G |315.1C

PRJ374  [L1c2 1]16129A  |16189C [16223T |16265C [16278T |16286G |16288C [16294T |16311C |16360T [16519C |16527T |73G 151T [152C |182T |186A |189C |195C [198T ([247A |263G |297G |315.1C [316A
PRJ376  [L4bla 1]16179T 16183C [16189C |16193del |16223T [16239T |16260T [16304C [16311C |16320T |16362C [16519C |73G 150T [199C |204C 263G |315.1C |513A [523del |524del

PRJ377  |LOalbl 1]16129A  |16148T ([16168T |16172C [16187T |16188G |16189C [16223T |16230G |16278T [16293G [16301T |16311C [16320T |93G 95C 185A [189G [236C [247A [263G ]309.1C|315.1C [523del [524del
PRJ378 [H 1]16093C  |16183C [16189C |16193.1C [16293G |16519C [152C [263G |309.1C |315.1C

PRJ379 [H 1]16093C  |16183C [16189C |16193.1C [16293G |16519C |[152C [263G |309.1C |315.1C

PRJ381 |L3e2b 1]16172C  |16189C [16223T |16320T [16519C |73G 150T [195C [263G  |315.1C

PRJ382 [RO 1]16263C  |16519C |263G 309.1C |315.1C

PRJ383 [Llc4 1]16093C  |16129A [16184T |16187T [16189C |16223T |16278T [16294T |16301T |16311C [16360T |16519C |16527T [73G 94.1G |152C |182T |186A |189C |195C |[247A [263G [297G |309.1C|315.1C [316A [523del [524del |575T
PRJ384 [Jldla 1]16069T 16126C [16193T |16300G |16309G [73G 150T [152C [237R  |263G |295T [309.1C |315.1C |462T |489C

PRJ385 |Llc3bla 1]16129A  |16163G [16187T |16189C [16209C |16223T |16278T [16293G |16294T |16311C [16360T |16519C |73G 151T [152C |182T |186A |189C |247A |263G |[316A [523del [524del

PRJ386 [HVO 1]16129A  |16211T [16234T ]16298C |72C 228A 263G [309.1C |315.1C

PRJ387 [Llcla+@198 1]16093C  |16129A |16187T [16189C |16223T [16278T |16293G |16294T [16311C |16360T |16368C [16519C |73G 151T [152C |182T |186A |189C |195C [247A [263G |297G |315.1C [316A [523del |524del
PRJ388  |A2+(64) 1]16111T 16223T [16290T |16319A |16362C |64T 73G 146C  |153G  [235G  [263G  |315.1C [523del [524del

PRJ389 [Clb 1]16126C  |16223T [16298C |16325C [16327T |73G 249del [263G  |290del |291del [315.1C |489C |493G  [523del |524del

PRJ390 [L2ala2 1]16126C  |16223T [16278T |16286T |[16294T |16309G |16390A [16519C [73G 146C [152C [195C 263G [315.1C

PRJ391 |U5b2b3a 1]16224C  |16270T [16311C |73G 150T 263G 279C  [309.1C |315.1C |517T

PRJ392 [R 1]73G 263G 315.1C  |523del  [524del

PRJ393 [HVO 1]16234T 16298C [16519C |72C 263G 309.1C  |315.1C

PRJ394  [H2a2b 1]16235G  |16291T [152Y 263G 309.1C |315.1C

PRJ395 |T2bda 1]16126C  |16172C [16294T |16304C [16519C |73G 263G [309.1C |315.1C

PRJ396 |A2ah 1]16097C  |16098G [16111T |16189C [16223T |16290T |16319A [16320T |16362C |73G 146C  [153G 235G |263G  [309.1C |315.1C |523del |524del

PRJ397  [L3flb4a 1]16209C  |16223T |16311C [16519C |73G 150T 189G  [200G [263G |315.1C

PRJ399 |C1b8 1]16223T 16292T [16298C |16325C |[16327T |16362C |73G 151T  |249del (263G [290del |291del [309.1C [315.1C |489C |493G |523del |524del

PRJ400  [L1c2b 1]|16129A  |16187T [16189C |16214T [16223T |16265C |16278T [16286A |16291T |16294T [16311C [16360T |16519C [16527T |73G 151T |152C |182T |186A [189C [195C |198T |247A |263G [297G |[315.1C|316A |513A
PRJ401  [L2ala2 1]16223T 16278T [16286T |16294T |[16390A [16519C |73G 146C [152C [195C |263G  |309.1C |315.1C

PRJ402 [B4b 1]16178C  [16183C [16189C [16193.1C |16193.2C |16217C |16519C |73G 263G [315.1C [499A

PRJ403  [T2b 1]16126C  |16294T [16296T |16304C [16519C |73G 152C  |263G  [315.1C

PRJ404  |A2al 1]16111T 16126C [16223T |16259T |[16290T |16319A |16362C [16390A [16519C |73G 146C  [153G 235G |263G  [309.1C |315.1C |523del |524del

PRJ405 [Clb 1]16126C  |16189C [16223T |16298C [16325C |16327T |73G 249del [263G  |290del [291del [309.1C |315.1C [489C 493G [523del [524del

PRJ406 |B4b 1]16182C  |16183C [16189C |16217C [16311C |16519C |73G 214G 235G |263G  [309.1C [309.2C |315.1C [499A |524.1A [524.2C

PRJ407 [J2 1]16069T 16126C [16188T |73G 150T 152C 263G [295T |315.1C |489C

PRJ408  [USh 1]16189C  |16270T [73G 150T 263G 315.1C

PRJ409  |L3d4 1]16124C  |16223T [73G 152C 185A 189G 195C  |200G (263G [315.1C |523del |524del

PRJ410 [Llcla2 1]16129A  |16189C [16223T |16274A [16278T |16293G |[16294T [16311C |16360T |16519C |73G 76T 89C 93G 95C 152C  |182T |186A |[189C [236C [247A |263G |297G [315.1C [316A
PRJ411  [V9 1]16298C  |16519C [72C 204C 207A 263G 315.1C

PRJ412 [U4a2 1]16356C  |16519C [73G 195C 263G 310C 499A  |524.1A |524.2C

PRJ413  |T2b3+151 1]16126C  |16294T [16296T |16304C [16519C |73G 151T  |263G  [309.1C |315.1C

PRJ414  |HVO 1]16298C  [72C 143A 235G 263G 309.1C  |315.1C

PRJ415 [C1b8 1]16223T 16292T [16298C |16325C |[16327T |16362C |73G 249del [263G  [290del |291del |309.1C [315.1C |489C [493G |523del |524del

PRJ416  [X2m 1]16093C  |16183C [16189C |16193.1C [16223T |16278T |16290T [16519C [73G 143A  [195C  |225A |226C [235G |263G  [309.1C [309.2C [315.1C

PRJ417 [HV 1161797 16189C [16519C |263G 315.1C

PRJ418  |T2cld+152 1]16126C  |16292T [16294T |16519C [73G 146C 152C  [263G  [279C |309.1C |315.1C

PRJ420  |LOalbl 1]16129A  |16148T [16168T |16172C [16187T |16188G |16189C [16223T |16230G |16278T [16293G [16311C |16320T [16519C |93G 95C 185A [189G [236C [247A |263G |315.1C |523del [524del
PRJ439  [A2+(64) 1]16126C  |16223T |[16278T [16290T |16319A [16362C |59C 64T 73G 146C [152C |153G [235G [263G |297G [309.1C [315.1C [523del |524del

PRJ451 |B2b4 1]16183C  |16189C [16193.1C|16217C [16316G |16519C |[41T 97A 105del |106del [107del [108del |109del |110del [111C |195C 263G |309.1C |309.2C [315.1C [499A |523del |524del
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Table S2. Point heteroplasmy in 8 samples from Rio de Janeiro population.

Sample Point heteroplasmy
PRJ093 151Y

PRJ095 16147Y

PRJ099 207R

PRJ225 152Y

PRJ248 16311Y

PRJ285 199Y

PRJ384 237R

PRJ394 152Y

Y — mixture of C and T; R — mixture of Aand G
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Table S3. Pairwise FST values between admixed Brazilian populations for HVS-1 region (below diagonal) and corresponding differentiation p-values (above diagonal)

n Rio de Janeiro Santa Catarina Sudoeste Espirito Santo Sdo Paulo Alagoas Sdo Paulo_Afro Norte Pernambuco Minas Gerais South
Rio de Janeiro 205 * 0,0004 0,1898 0,4701 0,4286 0,0480 <5E-06 0,0039 0,3372 0,1068 0,0005
Santa Catarina 80 0,0171 * 0,0004 0,0004 <5E-06 <5E-06 <5E-06 0,0114 0,0158 0,0005 0,1876
Sudeste 290 0,0011 0,0144 * 0,3791 0,1612 0,0303 <5E-06 0,0220 0,2414 0,0624 0,0004
Espirito Santo 95 -0,0003 0,0189 0,0003 * 0,8439 0,2210 <5E-06 0,0141 0,7917 0,3444 0,0005
Séo Paulo 142 0,0000 0,0191 0,0015 -0,0027 * 0,1420 <5E-06 0,0015 0,4304 0,0301 0,0002
Alagoas 167 0,0038 0,0307 0,0038 0,0017 0,0023 * <5E-06 0,0043 0,0760 0,0172 <5E-06
Séo Paulo_Afro 120 0,0402 0,1024 0,0536 0,0326 0,0397 0,0372 * <5E-06 <5E-06 <5E-06 <5E-06
Norte 48 0,0175 0,0160 0,0103 0,0149 0,0202 0,0195 0,0903 * 0,1035 0,0804 0,0378
Pernambuco 50 0,0009 0,0142 0,0022 -0,0041 0,0000 0,0073 0,0451 0,0093 * 0,6383 0,0157
Minas Gerais 99 0,0032 0,0174 0,0038 0,0007 0,0061 0,0078 0,0538 0,0080 -0,0024 * 0,0053
South 50 0,0274 0,0039 0,0221 0,0272 0,0319 0,0433 0,1119 0,0145 0,0192 0,0180 *

Significant values after Bonferroni's corretion are indicated in red (p<0.0009)

5.6.<0.0053
10100 permutations

Table S4. Matrix of pairwise FST genetic distances among European linages in Rio de Janeiro and 10 reference populations from Europe

(below diagonal) and the corresponding differentiation p-values (above diagonal) obtained for 10100 permutations, for mtDNA control reg

Rio de Janeiro  Portugal Basque Germany  Netherlands Italy Austria Finland Denmark Greece Spain

Rio de Janeir * 0.58984 0.04633 0.27779 0.01099 0.17127 0.15543 0.00218 0.44877 < 5E-06 0.20849
Portugal -0.00093 * 0.00030 0.23423 < 5E-06 0.01782 0.05148 < 5E-06 0.01188 < 5E-06 0.00040
Basque 0.00702 0.01093 * 0.00119 < 5E-06 < 5E-06 < 5E-06 0.00010 0.00020 < 5E-06 0.03564
Germany 0.00171 0.00117 0.01358 * 0.63707 0.21740 0.39917 0.00010 0.55123 < 5E-06 0.00158
Netherlands 0.00757 0.00611 0.01929 -0.00079 * 0.00040 0.00099 < 5E-06 0.04307 < 5E-06 < 5E-06
Italy 0.00207 0.00212 0.01474 0.00116 0.00325 * 0.27364 < 5E-06 0.03109 < 5E-06 0.00010
Austria 0.00260 0.00180 0.01393 0.00016 0.00343 0.00040 * < 5E-06 0.11939 < 5E-06 0.00010
Finland 0.01226 0.00838 0.01538 0.01241 0.01860 0.01488 0.01217 * < 5E-06 < 5E-06 < 5E-06
Denmark -0.00005 0.00342 0.01238 -0.00060 0.00189 0.00223 0.00143 0.01670 * < 5E-06 < 5E-06
Greece 0.04739 0.03580 0.04751 0.03117 0.03260 0.04375 0.04117 0.04498 0.03620 * < 5E-06
Spain 0.00171 0.00450 0.00362 0.00755 0.01022 0.00467 0.00504 0.01130 0.00682 0.04416 *

Note: significance level is 0.0009 (after applying Bonferroni’s correction); s.e.< 0,0053

110



N =205

e
Vel

N = 64

N =86

Fig SI — Mismatch distribution for mtDNA control region of Rio de
Janeiro samples
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S1A: Total sample; S1B: Total sample, disregarding insertions (at positions 309, 315, 573 and 16193);

S1C: Native American lineages; S1B: Native American lineages, disregarding insertions; S1C:
Europeans lineages; S1B: Europeans lineages, disregarding insertions; SI1C: African lineages; S1B:
African lineages, disregarding msertions.
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Fig. S2. Haplogroup distribution of the native American lineages 1n Rio de Janeiro and in
reference Native American populations.
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Sample ID_ [Haplotype

2300000 16126C |16223T  |16278T  [16290T  |16319A [16362C  |57G 59C 64T 73G 146C 152C  [153G 235G |263G__ [297G  |315.1C |523del [524del |573.1C |573.2C [573.3C |573.4C |573.5C
2300001 16092C [16182C  |16183C 16189C  |16217C 16241G 16304C 16519C |73G 103A 146C 152C 263G 309.1C |309.2C |315.1C [499A

2300002 16111T |16189C  |16223T  [16290T  |16319A |16362C  |64T 73G 146C 153G 235G 263G |309.1C |315.1C [523del |524del

2300003 16142T |16179T  |16223T  [16295T [16325C  |16362C  |16497G _ |16519C [73G 263G 309.1C_|315.1C [489C  |524.1A |524.2C

2300004 16183C [16189C  |16193.1C [16217C  |16519C 73G 263G 309.1C [315.1C  |499A 524.1A 1524.2C

2300005 16223T |16241G  |16301T _ [16342C  |16362C  [16519C  |73G 106del |107del |108del [109del [110del |11ldel [152C  [263G _ |309.1C |315.1C [489C  |523del |524del
2300007 16183C [16189C  |16193.1C |16217C  |16356C 16519C 73G 93G 195C 263G 309.1C |315.1C |499A

2300008 16183C |16189C |16217C  |16519C |73G 263G 315.1C 499A  [524.1A [524.2C [524.3A [524.4C

2300009 161117 |16189C  |16223T  [16290T  |16319A |16362C  |64T 73G 143A 146C 153G 204C  [235G 263G |315.1C [523del [524del

2300010 16183C [16189C |16193.1C |16217C |16519C 73G 263G 309.1C |309.2C [315.1C |499A 524.1A |524.2C

2300011 16145A 116172C  |16223T  [16325C  [16362C  |73G 263G 315.1C 489C

2300012 16192T |16270T _ |73G 150T 263G 315.1C 533G

2300013 16111T [16145A |16172C 16187T  |16189C 16223T 16265C 16278T [16286G |16294T |16311C |16360T |16519C [16527T |73G 151T 152C 182T 186A 189C 195C 198T 247A 263G 297G [309.1C [315.1C |316A [385G [471C |523del [524del
2300014 16111T 162237  |16290T  [16319A [16362C  |16390A  [16519C  |64T 73G 146C 153G 235G [263G  [309.1C |315.1C [523del [524del

2300015 16223T [16241G_ |16296T 16301T  |16342C 16362C 73G 152C 263G 315.1C_ |489C 523del [524del

2300016 16111T |16223T  |16266T  [16290T  |16319A |16362C  |64T 73G 146C 153G 235G 263G |271T _ |315.1C [523del |524del

2300017 16183C |16189C  |16193.1C [16217C  [16519C  |73G 263G 309.1C |309.2C |315.1C [499A  [524.1A |524.2C

2300018 16168T |16182C |16183C  [16189C  |16217C  |16249C  |16312G  [16344T [16519C |73G 152C 263G 2717 |309.1C [309.2C [315.1C |499A

2300019 16183C |16189C  |16193.1C [16217C  [16519C  |73G 263G 309.1C |309.2C |315.1C [499A  [524.1A |524.2C [524.3A [524.4C

2300020 16183C [16189C |16193.1C |16217C  |16519C 73G 263G 309.1C |309.2C [315.1C |499A 524.1A |524.2C

2300021 16183C |16189C |16217C  [16519C |73G 103A 146C 152C 263G 279C 309.1C |315.1C [455.1T |499A

2300024 16223T |16298C  |16299G  [16325C  |16327T  [16519C  |73G 249del 1290del |291del [315.1C [489C 493G _ |523del [524del

2300025 16223T 16298C  |16325C  [16327T _ [16519C  |73G 249del 290del |291del |315.1C |489C 493G |523del _|524del

2300026 16233G_|195C 263G 315.1C _ [523del 524del

2300027 16223T [16325C  |16362C 16519C  [73G 146C 263G 315.1C_ |489C

2300028 16223T |16241G  |16296T  [16301T |16342C  [16362C  |73G 152C 263G 315.1C |489C 523del _|524del

2300030 16178C |16183C  |16189C  [16193.1C |16217C  |16519C  |73G 263G 315.1C_|499A

2300031 16223T [16292T |16298C 16325C  [16327T 16362C 73G 249del 263G 290del  [291del |309.1C |[315.1C |489C 493G 523del |524del

2300032 16183C |16189C |16217C  [16519C |73G 263G 315.1C 499A  [524.1A |524.2C |524.3A |524.4C |524.5A [524.6C

2300033 16129A |16173T  |16183C  [16189C  |16193.1C [16519C  |55.1T 57C 59C 71del 73G 263G |309.1C [309.2C [315.1C

2300034 16223T |16292T  |16298C  [16325C  |16327T  [16362C  |73G 249del  |263G 290del |291del |309.1C [315.1C [489C  |493G _ [523del [524del

2300035 16178C |16182M |16183C  [16189C  [16193.1C |16217C  [16519C  |73G 263G 315.1C_ |499A

2300036 16183C [16189C |16193.1C |16223T |[16278T 16519C 73G 153G 195C 225A 226C 263G 315.1C

2300037 16145A 116182C  |16183C  [16189C  [16217C  |16294A  |16519C  |73G 263G 309.1C |309.2C |315.1C [484G  |499A

2300038 16111T 162237  |16239A  [16266T  [16290T  |16319A  [16362C 64T 73G 146C 153G 235G |263G__ [309.1C [315.1C |523del |524del

2300039 16069T |16111T |16126C  [73G 185A 263G 295T 315.1C |462T 489C 523del _ |524del

2300040 16182C |16183C  |16189C  [16217C  |16316G  [16519C  |57G 73G 151T 260A  |263G 309.1C |309.2C |[315.1C [499A  |523del |524del

2300041 16176T [16223T |16298C 16325C  [16327T 73G 195C 203A 204C 249del  [263G 290del |291del ]309.1C [315.1C |489C

2300042 16183C |16189C |16217C  [16468C  [16519C  |73G 263G 309.1C |309.2C |315.1C [499A  [524.1A |524.2C

2300043 16111T |16145A |16223T  [16261Y [16288C  |16290T  |16319A [16362C [73G 146C 153G 235G [263G _ |309.1C |309.2C [315.1C |523del |524del

2300044 16069T |16126C  |16234Y  |16278T |16366T  [16519C  |73G 185A 188G 228A  |263G 295T  |315.1C |462T  [489C  |523del |524del

2300045 16223T |16242T  |16311C  [16325C  [16362C  |73G 106del 107del ]108del |109del [110del [11idel |152C |212C  [263G _ |309.1C |315.1C [489C

2300046 16187A [16223T  |16325C 16362C _ |73G 263G 309.1C 315.1C_ |489C

2300047 16051G |16111T  |16145A  [16223T  |16290T  |16293G _ |16311C  [16319A [16362C |57G 64T 73G 146C  [153G 235G |263G__ [309.1C |315.1C |523del [524del
2300048 16223T |16242T  |16311C  [16325C  [16362C  |73G 106del 107del |108del [109del [110del |11ldel [152C  |212C  |263G__ [309.1C |315.1C |489C

2300049 16111T |16223T  |16266T  [16290T  |16319A |16362C  |64T 73G 146C 153G 235G 263G |315.1C |523del [524del

2300051 16223T 162577  |16298C  [16325C  [16327T  |73G 140T 249del  |263G 290del |291del |309.1C |[315.1C [489C 493G

2300052 16126C [16223T  |16278T 16290T  [16319A 16362C 59C 64T 73G 146C 152C 153G 235G 263G 297G 309.1C |315.1C [523del [524del |573.1C
2300053 16168T |16182C |16183C_ [16189C  [16217C  |16249C  |16312G _ |16519C [73G 152C 263G 2717 |309.1C [315.1C |499A

2300054 161117 |16189C  |16223T  [16290T  |16319A |16362C  |64T 73G 146C 153G 235G 263G [309.1C |315.1C |485C _ [523del [524del

2300055 16173T [16182C |16183C 16189C |16217C 16357C 16519C 73G 151T 263G 309.1C |315.1C |499A 523del |524del

2300056 16127G |16223T  |16234T  [16298C  |16325C  |16327T _ |73G 152C 188G 249del  |263G 290del |291del [309.1C [309.2C |315.1C |489C  [493G  |524.1A |524.2C
2300057 16168T [16182C  |16183C 16189C  |16217C 16249C 16312G 16344T ]16519C |73G 152C 263G 271T 309.1C |315.1C |499A 524.1A |524.2C

2300058 16178C |16183C  |16189C  [16193.1C |16217C  |16519C |73G 263G 315.1C  |499A

2300059 16111T 162237 |16290T  [16319A [16362C 64T 73G 150T 153G 222T 235G 249.1A (263G |315.1C |523del [524del

2300060 16176T [16223T |16298C 16325C  [16327T 16362C 73G 249del 263G 290del  [291del ]309.1C [315.1C [316A 489C 493G 523del [524del

2300061 16092C |16111T  |16223T  [16290T  [16319A |16362C  |16468C  [16519C [64T 73G 146C 153G [185A 235G |263G__ [309.1C [315.1C |338T  [523del |524del |573.1C
2300062 16051G [16172C  |16223T 16298C  |16325C 16327T 73G 194T 249del 263G 290del  [291del [315.1C |489C 523del |524del

2300063 16092C 16182C |16183C  [16189C |[16217C  |16316G  |16359C  |16519C [57G 73G 151T 260A  |263G _ |307del [308del |309del |315.1C [464G  |499A  |523del [524del
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2300064 161427 |16179T  [16223T  [16295T [16325C  [16362C  [16497G  |16519C |73G 263G 309.1C [309.2C |315.1C [489C  |524.1A [524.2C

2300065 16223T |16325C  [16362C  |16519C  [73G 263G 309.1C 315.1C_ |489C

2300066 16182C |16183C  [16189C  |16217C [16241G  [16519C  |73G 103A 152C 263G 309.1C [309.2C |315.1C [499A

2300067 16183C |16189C  [16193.1C |16217C [16468C  [16519C |73G 263G 309.1C [315.1C |499A

2300068 16127G |16223T  [16234T  |16298C  [16325C  [16327T  |73G 152C 188G 249del  |263G 290del [291del |309.1C [309.2C |315.1C [489C 493G [524.1A |524.2C
2300069 16173T |16182C  [16183C  [16189C [16217C  [16223T  [16357C  |16519C |73G 263G 309.1C [309.2C [315.1C |499A

2300070 16104T |16111T [16189C  |16223T [16290T  [16319A [16362C  |16519C |64T 73G 146C 153G [235G 263G |309.1C [315.1C [523del |524del [573.1C |573.2C |573.3C
2300071 16051G |16182C  [16183C _ |16189C [16217C  [16519C |73G 152C 263G 309.1C [309.2C [309.3C |315.1C [499A

2300072 16094C |16097C  [16098G  |16111T [16223T  [16290T  [16319A |16362C |64T 73G 146C 153G [235G_ |263G__ [309.1C |315.1C [512T 523del _[524del
2300073 16182C |16183C  [16189C  |16217C [16235G  [16519C  |73G 146C 151T 263G 309.1C [315.1C |499A

2300074 16223T |16325C  [16362C  |16519C  [73G 263G 309.1C 315.1C _ [489C

2300075 16172C |16189C  [16223T  |16320T [16519C  [73G 150T 195C 263G 315.1C

2300076 16176T |16223T  [16298C  |16325C  [16327T  [16362C  |73G 214G 249del  |263G 290del  [291del ]309.1C [315.1C |316A  |489C  [493G  |523del [524del
2300077 16311C |16519C  [263G 315.1C

2300078 16051G |16172C  [16223T  |16298C  [16325C  [16327T  |73G 1941 249del  |263G 290del  [291del ]309.1C [309.2C |315.1C [489C 523del _[524del
2300079 16069T |16126C  [16278T  [16366T [16519C  [73G 185A 188G 228A 263G 295T 315.1C |462T  [489C  |523del [524del

2300080 16183C |16189C  [16193.1C |16217C [16311C  [16319A [16519C  |16524G |73G 146C 263G 309.1C |315.1C |499A  [523del |524del

2300081 16209C |16223T  [16311C  |16519C [73G 150T 189G 200G 263G 315.1C

2300082 16038G _|16129A [16187T |16189C [16223T  [16278T  |16293G  |16294T |16311C |16360T |16519C |73G 151T 152C 182T 186A [189C  195C 198T 247A 263G |297G _ [309.1C [315.1C |316A |523del |524del
2300083 16145A |16172C  [16223T  |16311Y [16325C  [16362C  |73G 263G 315.1C_ [489C

2300084 16168T |16182C  [16183C  |16189C [16217C  [16249C  [16312G  |16519C |73G 152C 263G 271T 309.1C [315.1C |499A

2300085 16092C |16168T  [16182C  |16183C  [16189C  [16217C  [16249C  |16312G |16519C |73G 152C 263G |271T 309.1C |315.1C |499A

2300086 16145A |16172C  [16223T  |16325C  [16362C  [73G 263G 315.1C_ |489C

2300087 16182C |16183C  [16189C  |16217C [16519C  [73G 247A 263G 315.1C_ |499A

2300088 16233G_|195C 263G 315.1C _ |523del 524del

2300089 16154C |16223T  [16298C  |16325C  [16327T  [16519C  |72C 73G 249del  [290del  |291del [309.1C |315.1C [489C 493G |523del |524del

2300090 161117 |16223T [16239A |16266T [16290T  [16319A [16362C  |64T 73G 146C 153G 235G |263G__ [309.1C [315.1C |523del |524del

2300091 16223T |16325C  [16362C  |16519C  [73G 263G 309.1C 315.1C_ |489C 573.1C

2300093 16223T |16325C  [16362C  |16519C  [73G 146C 263G 315.1C _[489C

2300094 16223T |16298C  [16325C  |16327T [16519C  [73G 249del 263G 290del |291del |309.1C |315.1C [489C  |493G _ [523del |524del

2300096 16223T |16298C  [16325C  [16327T [16519C  [73G 249del 263G 290del |291del |309.1C |315.1C [489C  |493G _ [523del |524del

2300097 16223T |16298C  [16325C  |16327T [16519C  [73G 249del 263G 290del |291del |309.1C |315.1C |489C  [493G  |523del |524del

2300098 16173T |16182C  [16183C  |16189C [16217C  [16357C  [16519C |73G 151T 263G 309.1C [315.1C |499A  [523del |524del

2300099 16182C |16183C  [16186T  |16189C [16217C  [16519C  |73G 263G 309.1C [315.1C  |499A

2300100 16187T |16223T  [16298C  [16325C  |16327T  [42.1G 73G 152Y 249del  |263G 290del  |291del [309.1C |309.2C |315.1C [489C 493G |523del [524del
2300101 16092C |16182C  [16183C  |16189C [16217C  [16241G  |16519C  |73G 103A 146C 152C 263G 1309.1C [309.2C |315.1C |[499A  |523del |524del
2300102 16223T |16298C  [16325C  |16327T [16519C  [73G 249del 263G 290del |291del |309.1C |315.1C |489C  [493G  |523del |524del

2300103 16223T |16298C  [16325C  [16327T [16519C  [73G 249del 263G 290del |291del |315.1C |489C  [493G _ |523del |524del

2300104 161427 |16179T  [16223T  |16295T [16325C  [16362C  [16497G  |16519C |73G 263G 309.1C [309.2C |315.1C [489C  |524.1A [524.2C

2300105 16168T |16182C [16183C  |16189C [16217C  [16249C  [16312G _ |16519C |73G 152C 263G 271T 309.1C [315.1C |499A

2300106 16104T |16111T [16223T  [16290T [16319A [16362C  [16519C  |64T 73G 146C 153G 235G [263G_ |309.1C [315.1C |523del [524del |573.1C [573.2C |573.3C [573.4C |573.5C
2300107 161117 |16223T  [16290T  |16319A [16362C  [16519C  |64T 73G 143A 146C 153G 235G |263G__ [309.1C [315.1C |523del |524del

2300108 16069T |16126C  [16278T  |16366T [16519C  [73G 150Y 185A 188G 228A 263G 295T 315.1C _|462T 489C  |523del |524del

2300109 161117 |16145A [16223T  |16288C  [16290T  [16319A |16362C  |73G 146C 153G 235G 263G |309.1C [315.1C |523del [524del

2300110 16223T |16298C  [16325C  |16327T [16519C  [73G 249del 263G 290del |291del |309.1C |315.1C |489C  [493G  |523del |524del

2300111 16126C |16189C  [16223T  |16298C  [16325C  [16327T  |16519C  |73G 249del  |263G 290del  [291del ]309.1C [315.1C |489C  |493G _ |523del |524del
2300112 16223T |16291T  [16344T  |16362C [16519C  [73G 263G 309.1C [315.1C |489C

2300113 16086Y |16223T  [16325C  |16362C [16519C  [73G 263G 309.1C [315.1C |489C

2300114 16223T |16242T  [16311C  [16325C  |16362C  [42.1G 73G 106del  |107del |108del |109del |110del [11ldel [152C |212C  |263G__ [315.1C |489C
2300115 16183C |16189C  [16193.1C [16217C [16519C  [73G 263G 309.1C [309.2C |315.1C |499A 524.1A 1524.2C [524.3A |524.4C

2300116 16168T |16182C [16183C  |16189C [16217C  [16249C  [16312G  |16519C |73G 152C 263G 271T 309.1C [315.1C |499A

2300117 16266T |16270T  [16519C  [16527T  [263G 315.1C

2300118 16187T |16223T  [16298C  |16325C  [16327T  [73G 249del 263G 290del  [291del [309.1C [309.2C |315.1C [489C 493G |523del |524del

2300119 16223T |16298C  [16325C  [16327T  [16519C  [73G 143A 207A 249del  |263G 290del  [291del 309.1C [315.1C |489C

2300120 16176T |16223T  [16298C  |16325C  [16327T  [16362C  |73G 214G 249del  |263G 290del |291del [309.1C |315.1C |316A  [489C 493G |523del [524del
2300121 16051G |16183C  [16189C  |16217C [16362C  [16519C |73G 152C 263G 309.1C [315.1C |499A

2300122 161117 |16223T  [16266T  [16290T  [16319A [16362C  [16519C  |64T 73G 146C 153G 235G |263G__ [309.1C |309.2C [315.1C |523del |524del
2300123 16051G |16172C  [16223T  |16298C  [16325C  [16327T  |73G 1941 249del  |263G 290del  |291del [309.1C |315.1C [489C  [523del |524del

2300124 16168T |16182C [16183C  |16189C [16217C  [16249C  [16312G  |16519C |73G 152C 263G 271T 309.1C [315.1C |499A

2300125 16223T |16298C  [16325C  |16327T [16519C  [73G 249del 263G 290del |291del 309.1C |315.1C |489C  [493G  |523del |524del




115

2300126 16223T |16298C  [16325C  [16327T  [16519C  [73G 249del 263G 290del  [291del |315.1C |489C  [493G  |523del |524del

2300127 16311C |16519C  [263G 309.1C__ |315.1C

2300128 16223T |16298C  [16325C  [16327T  [16519C  [73G 249del 263G 290del |291del |309.1C |315.1C [489C  |493G _ [523del |524del

2300129 16176T |16211T [16223T  |16298C  [16325C  [16327T  |16362C  |73G 249del  |263G 290del |291del [309.1C |315.1C |316A  [489C 493G |523del [524del
2300130 16223T |16325C  [16362C  |16519C  [73G 146C 263G 315.1C_ |489C

2300131 16187T |16223T  [16298C  [16325C  [16327T  [73G 249del 263G 290del  [291del [309.1C [309.2C |315.1C [489C 493G |523del |524del

2300132 16168T |16182C [16183C  |16189C [16217C  [16249C  [16312G  |16519C |73G 152C 263G 271T 309.1C [315.1C |499A

2300133 16173T |16182C  [16183C  |16189C [16217C  [16223T  [16357C  |16519C |73G 263G 309.1C [309.2C |315.1C [499A

2300134 16182M |16183C  [16189C  |16217C [16311C  [16519C |73G 263G 309.1C [315.1C [430C 485C  1499A

2300135 16051G |16172C  [16223T  |16298C  [16325C  [16327T  |73G 1941 249del  |263G 290del  [291del ]309.1C [315.1C 1489C  |523del |524del

2300136 16233G_|195C 263G 315.1C _ |523del 524del

2300137 16111T |16223T  [16290T  |16319A [16362C  [73G 146C 153G 235G 309.1C |315.1C |523del [524del

2300138 16154C |16223T  [16298C  |16325C  [16327T  [16519C  |72C 73G 249del  [290del  |291del [309.1C |315.1C [489C 493G |523del |524del

2300140 16051G |16172C  [16223T  |16295T [16298C  [16325C  [16327T  |16335G |73G 1947 249del  |263G__ [290del |291del [315.1C |489C  |523del [524del
2300141 16176T |16223T  [16298C  |16311Y [16325C  [16327T  |16362C  |73G 214G 249del  |263G 290del [291del |309.1C [315.1C |316A  [489C  |493G  [523del |524del
2300142 16183C |16189C  [16193.1C [16217C [16519C  [73G 263G 309.1C [309.2C |315.1C |499A 524.1A [524.2C |524.3A [524.4C

2300143 161427 |16179T  [16223T  |16295T [16325C  [16362C  [16497G  |16519C |73G 263G 309.1C [315.1C 1489C  [524.1A |524.2C

2300144 16178C |16183C  [16189C  |16193.1C [16193.2C [16217C  [16519C  |73G 263G 309.1C [309.2C |315.1C [499A

2300145 16148T |16172C  [16187T |16188G _ [16189C  [16223T  |16230G__ |16311C |16320T |16519C |64T 93G 152C 189G [204C  [207A  |236C  |247A 263G |315.1C [523del [524del
2300146 16092C |16111T  [16223T  |16290T [16319A [16362C  [16468C  |16519C |64T 73G 146C 153G [185A 235G [263G__ |309.1C [315.1C |338T 523del _|524del |573.1C
2300147 16183C_|16189C  [16193.1C [16217C [16519C  [73G 263G 315.1C_ |499A 524.1A [524.2C |524.3A |524.4C

2300148 16178C |16183C  [16189C  |16193.1C [16193.2C [16217C  |16519C |73G 263G 315.1C_ |499A

2300149 16189C |16193.1C [16193.2C |16223T  [16298C  [16325C  [16327T  |73G 249del  |263G 290del  [291del ]309.1C [309.2C |315.1C |489C  [493G _ |523del [524del
2300150 16223T |16298C  [16325C  |16327T [16519C  [73G 143A 207A 249del  |263G 290del |291del [309.1C |315.1C [489C

2300151 16136C |16223T  [16298C  [16325C  [16327T  [73G 249del 263G 290del |291del |309.1C |315.1C [489C  |493G _ [523del |524del

2300152 16051G |16172C  [16298C  [16325C  [16327T  [73G 194T 249del  |263G 290del  [291del |315.1C [489C  |523del |524del

2300153 16176T |16223T  [16311C  |16327T [16519C  [73G 150T 152C 189G 195C 200G 263G ]315.1C

2300154 16223T |16298C  [16325C  [16327T [16519C  [73G 249del 263G 290del |291del |309.1C |315.1C [489C  |493G _ [523del |524del

2300156 16183C |16189C  [16193.1C [16217C  [16519C  [73G 263G 309.1C |[315.1C |499A 524.1A [524.2C |524.3A |[524.4C

2300157 16223T |16325C  [16362C  |16519C  [73G 263G 309.1C 315.1C_ |489C

2300158 16183C_|16189C  [16193.1C [16217C [16519C  [73G 263G 309.1C |315.1C |499A 524.1A [524.2C

2300159 161117 |16223T  [16290T  [16319A [16362C  [59C 62T 64T 73G 146C 204C 235G |263G__ [315.1C [523del |524del

2300160 16183C |16189C  [16193.1C |16217C [16468C  [16519C |73G 263G 309.1C [309.2C |[315.1C [499A |524.1A [524.2C

2300161 16129A |16178C  [16183C  [16189C [16193.1C [16193.2C [16193.3C |16217C |16519C |73G 263G 309.1C |309.2C [315.1C |499A

2300162 16223T |16325C  [16362C  |16519C [73G 146C 263G 315.1C_ |489C

2300164 16223T |16325C  [16362C  |16519C  [73G 263G 309.1C 315.1C_ |489C

2300165 16111T |16223T [16266T  [16290T [16319A [16362C  [16519C  |64T 73G 146C 153G 235G |263G__ [315.1C [523del |524del

2300166 16176T |16223T  [16298C  |16325C  [16327T  [16362C  |73G 249del  |263G 290del  [291del [309.1C |315.1C [316A 489C  |493G _ [523del |524del
2300167 161117 |16223T  [16239T  [16290T  [16311C  [16319A  [16362C  |64T 73G 146C 153G 235G |249.1A [263G  |309.1C [315.1C |481T 523del _|524del
2300168 16223T |16325C  [16362C  |16519C  [73G 146C 263G 315.1C_|489C

2300170 161117 |16124C  [16223T  |16519C  [73G 152C 199C 263G 309.1C [315.1C [523del _[524del

2300171 16223T |16325C  [16362C  |16519C  [73G 146C 263G 315.1C_ |489C

2300172 16183C |16189C  [16193.1C [16217C [16519C  [73G 263G 309.1C |315.1C |499A 524.1A [524.2C |524.3A [524.4C

2300173 16233G_|195C 263G 315.1C 523del 524del

2300174 16154C |16223T  [16298C  |16325C  [16327T  [16519C |72C 73G 249del  1290del |291del [309.1C |315.1C [489C  |493G _ |523del [524del

2300175 16183C_|16189C  [16193.1C [16217C [16519C  [73G 263G 315.1C_ |499A 524.1A [524.2C [524.3A |524.4C

2300176 16183C |16189C  [16193.1C |16223T  [16278T  [16519C |73G 153G 195C 225A 226C 263G ]315.1C

2300177 16223T |16298C  [16325C  |16327T [16519C  [73G 249del 263G 290del [291del [309.1C [309.2C |315.1C [489C 493G |523del |524del

2300178 161117 |16223T  [16235G  [16290T [16319A [16362C  [16512C  |16519C |16544C |73G 146C 153G [235G  |263G__ [315.1C |523del [524del

2300179 16111T |16223T [16266T  |16290T [16319A [16362C  [16519C  |64T 73G 146C 153G 235G |263G__ [309.1C [315.1C |523del |524del

2300180 16168T |16183C  [16189C  |16193.1C [16217C  [16390A  [16519C  |73G 204C 263G 315.1C [499A |524.1A [524.2C

2300181 161117 |16223T  [16290T  |16319A [16362C  [64T 73G 150T 153G 2227 235G 249.1A 263G [315.1C |523del [524del

2300182 16233G_|195C 263G 315.1C _ |523del 524del

2300183 16178C |16183C  [16189C  |16193.1C [16217C  [16519C |73G 263G 315.1C_ |499A

2300184 16111T |16223T [16239A |16266T [16290T  [16319A [16362C  |64T 73G 146C 153G 235G |263G__ [315.1C [523del |524del

2300185 16183C |16189C  [16193.1C |16217C [16311C  [16519C |73G 263G 309.1C [315.1C [430C 485C  |499A

2300186 16183C |16189C  [16193.1C |16217C [16468C  [16519C |73G 263G 309.1C [309.2C |315.1C |499A |524.1A [524.2C

2300187 16223T |16325C  [16362C  |16519C [73G 263G 309.1C 315.1C_ |489C

2300188 16223T |16298C  [16325C  [16327T  [16519C  [73G 249del 263G 290del |291del |309.1C |315.1C [489C  |493G _ [523del |524del

2300189 16223T |16325C  [16362C  |16519C [73G 263G 309.1C 315.1C |489C
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2300190 16183C |16189C  [16193.1C [16217C [16519C  [73G 263G 309.1C |[315.1C |499A

2300191 161427 |16179T  [16223T  |16295T [16325C  [16362C  [16497G  |16519C |73G 263G 309.1C [309.2C |315.1C [489C  |524.1A [524.2C

2300192 161117 |16223T  [16290T  |16319A [16362C  [64T 73G 146C 153G 235G 263G 309.1C |315.1C [523del |524del

2300193 161427 |16179T  [16223T  |16295T [16325C  [16362C  [16497G  |16519C |73G 263G 309.1C [315.1C 1489C  [524.1A |524.2C

2300194 161427 |16179T  [16223T  |16295T [16325C  [16362C  [16497G  |16519C |73G 263G 309.1C [309.2C |315.1C [489C  |524.1A [524.2C

2300195 16126C |16172C  [16223T  [16270T  [16290A  [16298C  [16325C  |16327T |73G 249del  [263G 290del |291del [315.1C |489C  [493G  |523del |524del

2300196 16183C |16189C  [16193.1C [16217C [16519C  [73G 263G 315.1C_ |499A 524.1A [524.2C [524.3A |524.4C

2300197 16084A |16111T  [16142T  |16215G  [16223T  [16290T  [16319A  |16362C |64T 73G 146C 153G [235G  |263G _ [309.1C |315.1C [523del |524del

2300198 16189C |16217C  [16274A  [16519C [55.1T 57C 59C 73G 247A 263G 309.1C [315.1C |499A

2300199 16129A |16182C  [16183C  |16189C [16217C  [16316G  [16519C |57G 73G 146C 151T 260A  [263G _ |309.1C [309.2C |315.1C [499A  |523del |[524del

2300200 161117 |16223T  [16290T  |16319A [16362C  [64T 73G 143A 146C 153G 235G 263G |309.1C [315.1C |523del [524del

2300201 16168T |16182C [16183C  |16189C [16217C  [16249C  [16312G  |16519C |73G 152C 263G 271T 309.1C [309.2C |315.1C [499A

2300202 16051G |16111R  [16172C  |16223T [16298C  [16325C  [16327T  |73G 1947 249del  [263G 290del [291del |309.1C [315.1C |489C 523del _[524del

2300203 16187T |16223T  [16298C  [16325C  [16327T  [73G 249del 263G 290del |291del |309.1C [309.2C |315.1C [489C  |493G _ |523del [524del

2300204 16187T |16223T  [16298C  [16325C  [16327T  [73G 249del 263G 290del  [291del [309.1C [309.2C |315.1C [489C 493G |523del |524del

2300205 16126C |16223T  [16278T  |16290T  [16319A [16362C  [16519C  |59C 64T 73G 146C 152C  [235G  |263G _ [297G  |309.1C [315.1C |523del |[524del

2300207 16126C |16223T  [16298C  [16325C  [16327T  [73G 249del 263G 290del |291del |315.1C |489C  |493G _ [523del |524del

2300208 16126C |16223T  [16278T  |16290T  [16319A [16362C  |59C 64T 73G 146C 152C 153G [199C 235G [263G__ |297G _ [309.1C |315.1C [523del |524del [573.1C |573.2C
2300209 16223T |16327T _ |73G 150T 189G 200G 263G 315.1C

2300210 16223T |16325C  [16362C  |16519C  [73G 146C 263G 315.1C_ |489C

2300211 16126C |16223T  [16298C  [16325C  [16327T  [73G 249del 263G 279C 290del  [291del [309.1C |315.1C [489C 493G [523del |524del

2300212 16092C |16223T  [16298C  |16325C  [16327T  [73G 249del 263G 290del |291del |315.1C |489C  |493G _ [523del |524del

2300213 161117 |16223T  [16290T  |16319A [16362C  [64T 73G 146C 153G 235G 263G 309.1C |315.1C [523del |524del

2300214 16223T |16298C  [16325C  |16327T [16362C  [73G 249del 263G 290del |291del |309.1C |315.1C |489C  [493G

2300215 16126C |16223T  [16298C  [16325C  [16327T  [73G 249del 263G 290del |291del |309.1C |315.1C [489C  |493G _ [523del |524del

2300216 16519C 263G 309.1C 315.1C

2300217 161117 |16223T [16239A |16266T [16290T  [16319A [16362C  |64T 73G 146C 153G 235G |263G__ [309.1C [315.1C |523del |524del

2300218 161427 |16179T  [16223T  |16295T [16325C  [16362C  [16497G  |16519C |73G 263G 309.1C [309.2C |315.1C [489C  |524.1A [524.2C

2300219 16051G |16172C  [16223T  |16298C  [16325C  [16327T  |73G 1947 249del  |263G 290del  [291del |310C  [315.1C |315.2C |315.3C [489C  |523del [524del

2300220 16092C |16111T  [16223T  |16290T [16319A [16362C  [16468C  |16519C |64T 73G 146C 153G [185A 235G [263G__ |315.1C [338T 523del _[524del |573.1C
2300221 161427 |16179T  [16223T  |16295T [16325C  [16362C  [16497G  |16519C |73G 263G 309.1C [309.2C |315.1C [489C  |524.1A [524.2C

2300222 161427 |16179T  [16223T  |16295T [16325C  [16362C  [16497G  |16519C |73G 263G 309.1C [315.1C 1489C  [524.1A |524.2C

2300223 16183C |16189C  [16193.1C |16217C [16311C  [16319A [16519C  |16524G |73G 263G 315.1C [499A  |523del [524del

2300224 16223T |16325C  [16362C  |73G 146C 200G 263G 273T 309.1C  [309.2C [315.1C [489C

2300226 16093C |16183C  [16189C  |16193.1C [16217C  [16316G  [16360T  |16519C |57G 73G 151T 152C  [207A 211G |263G__ [309.1C |309.2C |315.1C [499A  |523del |524del
2300227 161117 |16223T  [16266T  |16290T  [16319A  [16362C  |64T 73G 146C 153G 235G 263G |309.1C [315.1C |523del [524del

2300228 16126C |16223T  [16298C  |16325C  [16327T  [73G 249del 263G 290del |291del |309.1C |315.1C |489C  [493G  |523del |524del

2300229 16189C |16217C  [16274A  [16519C  [55.1T 57C 59C 73G 247A 263G 309.1C [309.2C |315.1C [499A

2300230 16097C |16098G  [16111T  |16144C  [16223T  [16235G  |16290T  |16305G |16319A |16320T |16362C |73G 146C 153G [162T 235G |263G _ [309.1C |315.1C |523del |524del
2300231 16126C |16223T  [16298C  |16325C  [16327T  [73G 249del 263G 290del |291del |309.1C |315.1C |489C  [493G  |523del |524del

2300232 16169T |16223T  [16298C  |16325C  [16327T  [16357C  |16519C  |73G 249del  |263G 290del  [291del 309.1C [315.1C |489C

2300233 16111T |16223T  [16274A |16290T  [16319A [16362C  |64T 73G 146C 235G 263G 315.1C |523del |524del

2300234 16183C |16189C  [16193.1C |16217C [16241G  [16519C |73G 103A 152C 263G 309.1C [315.1C |499A

2300235 16051G |16093C  [16223T  |16298C  [16325C  [16327T  |73G 1941 195C 249del  [263G 290del |291del [315.1C |489C 523del _[524del

2300238 16223T |16257T  [16298C  |16325C  [16327T  [73G 140T 249del  |263G 290del |291del |309.1C [309.2C [315.1C |489C  [493G

2300420 16183C_|16189C  [16193.1C [16217C [16519C  [73G 103A 146C 152C 263G 309.1C [315.1C |455.1T [499A

2300422 16223T |16325C  [16362C  |16519C  [73G 263G 309.1C 315.1C_ |489C

2300423 16092C |16145A [16182C  |16183C  [16189C  [16217C  |16519C  |73G 152C 228A 234G 263G |315.1C [499A

2300424 16126C |16223T  [16278T  |16290T  [16319A [16362C  |59C 62T 64T 73G 146C 152C  [153G  |235G _ [263G_ |297G  [315.1C |523del [524del |573.1C |[573.2C |573.3C |[573.4C
2300425 16183C |16189C  [16193.1C [16217C [16519C  [73G 263G 309.1C [309.2C |315.1C |499A 524.1A 1524.2C

2300426 16051G |16223T  [16287T  |16298C  [16311C  [16325C  [16327T  |73G 1947 249del  |263G 290del [291del |315.1C [489C  |523del [524del

2300427 16148T |16168T [16172C  |16187T [16188G  [16189C  [16223T  |16230G |16278T |16293G |16311C |16320T [93G 95C 185A  [189G  |236C  [247A  |263G__ [309.1C |315.1C [523del |524del
2300428 16051G |16093C  [16223T  |16264T  [16287T  [16298C  |16311C  |16325C |16327T |41T 73G 1947 204C  [249del |263G__ [290del |291del [309.1C |315.1C [489C  |523del [524del
2300429 161117 |16189C  [16223T  |16290T  [16319A [16362C  |73G 143A 146C 153G 235G 263G |315.1C [523del |524del

2300430 16183C |16189C  [16193.1C [16217C [16519C  [73G 263G 309.1C [309.2C |315.1C |499A 524.1A 1524.2C

2300431 16051G |16223T  [16287T  |16298C  [16311C  [16325C  |16327T  |73G 1947 249del  |263G 315.1C 1489C  [523del |524del

2300432 16223T |16270T  [16298C  |16325C  [16327T  [16456A |73G 214G 249del  |263G 290del  [291del |315.1C [489C 493G [523del |524del

2300433 161117 |16126C  [16223T  |16259T [16290T  [16319A [16327T  |16362C |16519C |73G 146C 153G [235G 263G |315.1C [523del [524del

2300434 16183C_|16189C  [16217C  |16468C  [16519C  [73G 263G 309.1C [309.2C |315.1C |499A 524.1A [524.2C

2300435 16168T |16183C [16189C  |16193.1C [16217C  [16390A |16519C |73G 204C 263G 315.1C [499A |524.1A |[524.2C
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2300436 16223T |16257T  [16298C  [16325C  [16327T  [73G 140T 249del  |263G 290del  [291del [309.1C |315.1C [489C 493G

2300437 16223T |16259G  [16298C  |16325C  [16327T  |60C 73G 249del  |263G 290del  [291del [309.1C |315.1C [489C 493G [523del |524del

2300438 16182C |16183C  [16189C  |16217C [16241G  [16519C  |73G 103A 152C 263G 309.1C [315.1C |499A

2300439 16178C |16183C  [16189C  |16193.1C [16217C  [16519C |73G 263G 315.1C_ |499A

2300440 161427 |16179T  [16223T  |16295T [16325C  [16362C  [16497G  |16519C |73G 263G 309.1C [315.1C |489C  [524.1A |524.2C

2300441 16223T |16325C  [16362C  |16519C  [73G 263G 309.1C 315.1C  |489C

2300443 16051G |16093C  [16223T  |16264T  [16287T  [16298C  |16311C  |16325C |16327T |41T 73G 1947 204C  [249del 263G |290del [291del |309.1C [315.1C [489C  |523del [524del
2300444 16182C |16183C  [16186T  |16189C [16217C  [16519C |73G 263G 309.1C [315.1C |499A

2300445 161427 |16179T  [16223T  |16295T [16325C  [16362C  [16497G  |16519C |73G 263G 309.1C [315.1C 1489C  [524.1A |524.2C

2300448 16223T |16241G_ [16296T  |16301T  [16342C  [16362C  |73G 152C 263G 315.1C [489C 523del _|524del

2300449 16176T |16223T  [16298C  |16325C  [16327T  [16362C  |73G 249del  |263G 290del  [291del [309.1C |315.1C [316A  |489C  [493G  |523del |524del

2300450 16051G |16172C  [16223T  |16298C  [16325C  [16327T  |73G 152C 1947 249del  |263G 290del |291del |309.1C [309.2C |315.1C |489C  [523del |524del
2300451 16051G |16172C  [16223T  |16298C  [16325C  [16327T  |73G 194T 249del  |263G 290del  [291del |309.1C [315.1C |489C  |523del |524del

2300452 16182C |16183C  [16189C  [16217C [16519C  [73G 214R 247A 263G 309.1C [315.1C |499A

2300453 16129A |16187T [16189C  |16223T  [16260T  [16265C  [16278T  |16286A |16294T |16311C |16360T |16519C [16527T |73G 151T 152C 1821 186A  [189C 195C 198T 247TA 263G |297G _ [315.1C [316A
2300454 16233G_|195C 263G 315.1C 523del 524del

2300456 16051G |16223T  [16287T  |16298C [16311C  [16325C  |16327T  |73G 1947 249del  |263G 290del |291del [315.1C [489C  |523del |524del

2300457 161117 |16223T  [16239A  |16266T [16290T  [16319A  [16362C  |64T 73G 146C 153G 235G [263G _ |309.1C [315.1C |523del [524del

2300458 16051G |16086C [16170G  |16223T [16298C  [16325C  [16327T  |55.1T |57C 73G 1947 249del 263G |290del [291del |315.1C |489C  [523del |524del
2300459 16092C |16111T  [16223T  |16290T [16319A [16362C  [16468C  |16519C |64T 73G 93G 146C 153G [185A |195C  [235G  |263G__ [315.1C |338T 523del _|524del |573.1C
2300460 16223T |16298C  [16325C  [16327T  [16519C  [73G 249del 263G 290del |291del |309.1C |315.1C [489C  |493G _ [523del |524del

2300461 16051G |16166G  [16223T  |16294T [16298C  [16325C  [16327T  |16519C |73G 146C 249del  |263G __ [290del |291del [309.1C [309.2C |315.1C |489C  [523del |524del
2300462 16169T |16173T [16182C  |16183C  [16189C  [16217C  [16357C  |16519C |73G 151T 263G 309.1C |309.2C [309.3C |315.1C [499A  |523del |[524del |538G
2300463 16176T |16223T  [16298C  |16325C  [16327T  [73G 195C 203A 204C 249del  |263G 290del [291del |309.1C [315.1C [489C

2300464 16233G_|195C 263G 315.1C _ |523del 524del

2300466 16223T |16292T  [16298C  |16325C  [16327T  [16362C  [16519C  |73G 249del  |263G 290del  [291del ]309.1C [315.1C |489C  |493G  |523del |524del

2300467 16182C |16183C  [16189C  |16217C [16316G _ [16519C |57G 73G 151T 260A 263G 309.1C [309.2C |309.3C [315.1C |499A  |523del [524del

2300468 161117 |16223T  [16235G  |16290T [16319A [16362C  [16512C  |16519C |16544C |73G 146C 153G [235G  |263G__ [315.1C |523del [524del

2300472 161117 |16126C  [16223T  |16259T [16290T  [16319A  [16327T  |16362C |16519C |73G 146C 153G [235G  |263G _ [315.1C |523del [524del

2300473 16223T |16325C  [16362C  |16519C  [73G 146C 263G 315.1C_ |489C

2300474 16051G |16172C  [16223T  |16298C  [16325C  [16327T  |73G 1941 249del  |263G 290del  [291del |309.1C [315.1C |489C  |523del |524del

2300475 16111T |16124C  [16223T  |16519C [73G 152C 199C 263G 309.1C |315.1C |523del [524del

2300476 161117 |16223T  [16290T  |16319A [16362C  [64T 73G 146C 153G 235G 263G 309.1C |315.1C [523del |524del

2300477 16172C |16189C  [16223T  |16298C  [16325C  [16327T  [16519C  |73G 249del  [290del  [291del [309.1C |315.1C [489C 493G |523del |524del

2300478 16051G |16111T [16145A |16223T [16290T  [16293G  [16311C  |16319A |16362C |57G 64T 73G 146C 153G [235G  [263G __ |309.1C |315.1C [523del |524del
2300479 16223T |16325C  [16362C  |16519C  [73G 146C 263G 315.1C_ |489C

2300480 16173T |16182C [16183C  |16189C [16217C  [16223T  [16357C  |16519C |73G 263G 309.1C [309.2C |315.1C [499A

2300481 16223T |16298C  [16325C  [16327T [16519C  [73G 146C 207A 249del  |263G 290del  [291del 309.1C [315.1C |489C

2300482 16129A |16172C  [16174T  |16192T  [16218T  [16223T  |16256A |16311C |16362C |16519C |73G 151T 152C 189C 195C  [263G _ |294C  [315.1C |523del [524del
2300483 16093Y |16176T  [16223T  |16298C  [16325C  [16327T  |73G 195C 203A 204C 249del  |263G _ [290del |291del |309.1C [315.1C |489C

2300485 16169T |16173T [16182C  |16183C  [16189C  [16217C  [16357C  |16519C |73G 151T 263G 309.1C |309.2C [315.1C |499A  [523del |524del

2300487 16182C |16183C  [16189C  |16217C [16249C  [16312G  [16344T  |16362C |16519C |73G 152C 263G |271T 309.1C 1309.2C |315.1C [499A

2300489 16051G |16223T  [16287T  |16298C  [16311C  [16325C  |16327T  |73G 1947 249del  |263G 290del [291del |315.1C [489C  |523del [524del

2300490 16145A |16172C  [16223T  [16325C  [16362C  [73G 263G 315.1C_ [489C

2300491 16084A |16111T [16215G  |16223T  [16290T  [16319A [16362C  |64T 73G 146C 153G 235G |263G__ [309.1C [315.1C |523del |524del

2300492 16189C |16217C  [16274A  [16519C  [55.1T 57C 59C 73G 247A 263G 309.1C [315.1C |348A  [499A

2300494 16223T |16298C  [16325C  |16327T [16519C  [73G 146C 240R 249del  |263G 290del  |291del [309.1C |315.1C [489C  |493G _ |523del [524del

2300495 16183C |16189C  [16193.1C |16217C [16316G _ [16519C |42.1G 57G 73G 151T 263G 293C 309.1C [309.2C |315.1C [499A  |523del [524del

2300496 161117 |16126C  [16223T  |16259T [16290T  [16319A  [16327T  |16362C |16519C |73G 146C 153G [235G  |263G__ [315.1C |523del [524del

2300497 16051G |16172C  [16223T  |16298C  [16325C  [16327T  |73G 1941 249del  |263G 290del  |291del [309.1C |309.2C [315.1C |489C 523del [524del

2300498 16051G |16172C  [16223T  |16298C  [16325C  [16327T  |73G 194T 249del  |263G 290del  [291del ]309.1C [315.1C |489C  [523del |524del

2300499 16223T |16242T  [16311C  [16325C  |16362C  [42.1G 73G 106del  [107del |108del |109del |110del [111del [152C |212C  |263G _ [309.1C |315.1C |489C
2300500 16051G |16223T  [16264T  |16519C [73G 150T 152C 263G 315.1C_ |493G 523del _ [524del

2300502 16223T |16325C  [16362C  |16519C  [73G 146C 263G 315.1C_ |489C

2300503 16233G_|195C 263G 315.1C__ [523del 524del

2300504 16311C |16519C  [263G 309.1C__ ]309.2C 315.1C

2300505 16124C |16140C  [16223T  |16325C  [16357C  [16362C  |66T 73G 263G 309.1C  [309.2C [315.1C |489C

2300506 161117 |16223T  [16290T  |16319A [16362C  [64T 73G 146C 153G 235G 263G 309.1C [309.2C |315.1C [523del |524del

2300508 16311C |16519C  [263G 309.1C__ ]309.2C 315.1C

2300509 161117 |16126C  [16223T  |16259T [16290T  [16319A [16327T |16362C |16519C |73G 146C 153G [235G 263G |309.1C [315.1C |523del |524del
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APENDICE D — Material suplemenar do Artigo 3 “Defining mtDNA origins and population
stratification in Rio de Janeiro”

Table S1. Origin of mitogenomes used for comparison purposes in the present study.

Reference n Country Etnich group
Arias et al. 2017 24 Colombia Ach-Piapoco
Arias et al. 2017 9 Colombia Admixed
Arias et al. 2017 8 Colombia Carijona
Avrias et al. 2017 17 Colombia Cocama
Arias et al. 2017 19 Colombia Coreguaje
Arias et al. 2017 17 Colombia Curripaco
Avrias et al. 2017 17 Colombia Desano
Arias et al. 2017 35 Colombia Guayabero
Arias et al. 2017 17 Colombia Inga
Arias et al. 2017 11 Colombia Kamentsa
Arias et al. 2017 26 Colombia Mur-Uitoto
Arias et al. 2017 16 Colombia Nukak
Arias et al. 2017 18 Colombia Other etnich group
Avrias et al. 2017 10 Colombia Other-ET
Arias et al. 2017 14 Colombia Pasto
Arias et al. 2017 13 Colombia Pira-Wanano
Arias et al. 2017 19 Colombia Puinave
Arias et al. 2017 16 Colombia Saliba
Arias et al. 2017 16 Colombia Sikuani
Arias et al. 2017 17 Colombia Siona
Avrias et al. 2017 10 Colombia Siriano
Arias et al. 2017 10 Colombia Tanimuka
Arias et al. 2017 18 Colombia Tikuna
Arias et al. 2017 10 Colombia Tuka-Tatuyo
Arias et al. 2017 13 Colombia Yagua
Arias et al. 2017 39 Colombia Y ucu- Matapi

Brandini et al 2017} 208 Ecuador Admixed
1000genomes 94 Colombia Admixed
1000genomes 86 Peru Admixed




Table S2. Haplogroups and haplotypes found in a sample from 105 unrelated individuals living in Alto Parana, Paraguay, for mitogenomes.
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Sample ID
41 ALL GenBank ID Haplogroup n Haplotype

23000337 MH981823 Cib 1 45G 73G 113T 249del 263G 290del  291del  315.1C  489C 493G 523del  524del 750G 1438G  2706G  3552A  4715G  4736C  4769G  5054C  5095C  6249A  7028T  7196A  8134C
8584A  8701G  8860G  9540C 9545G  10398G  10400T 10873C  11719A 11914A 12705T 13263G  14118G 14318C  14766T 14783C 15043A 15301A 15326G  15487T 16223T 16325C  16327T

23000338 MH981824 A2+(64) 1 64T 73G 146C 153G 210G 235G 263G 315.1C  523del  524del 663G 739T 750G 1438G  1736G  2706G ~ 4248C  4769G  4824G  6340T  7028T  8027A  8794T  8860G  9210G
11719A  12007A  12705T  14766T 15300C 15326G  16111T 16129R  16223T 16290T 16319A 16362C  16519C

23000339 MHo81825 A2+(64) 1 64T 73G 93G 146C 153G 185A 235G 263G 315.1C  338T 523del  524del  573.1C 663G 750G 1438G  1719A  1736G  2706G  3438A  4248C  4769G  4824G  7028T 8027A
8289.1C  8289.2C 8289.3C 8289.4C 8289.5C 8289.6T 8289.7C 8289.8T 8289.9A 8794T 8860G  9804A  11719A 12007A 12705T  14766T 15326G  16092C 16111T 16223T 16290T 16319A 16362C  16468C  16519C

23000340 MH981826 B2e 1 73G 263G 3151C  499A 524.1A 524.2C 750G 827G 1438G  2706G  3547G  4769G  4820A  4977C 6119T 6473T 7028T 8281del 8282del 8283del 8284del 8285del 8286del 8287del  8288del
8289del  8860G  9950C 11177T  11719A  13590A  14049T  14766T 15326G  15535T 15672C  15781T 16189C 16217C  16519C

23000341 MHo81827 B2b3a 1 73G 152C 263G 2711T 315.1C  499A 750G 827G 1438G  2706G  3547G  3918A  4232C  4769G  4820A  4977C 5899.1C 6473T 6755A  7028T 8281del 8282del 8283del 8284del 8285del
8286del 8287del 8288del 8289del 8552C  8860G  9950C  11177T 11719A 13590A 13708A 14766T 15326G 155357 15784C 16168T 16189C 16217C 16249C  16312G  16344T  16519C

23000342 MH981828 D1fL 1 73G 131C 263G 315.1C  489C 750G 1438G  2092T 2706G  3010A  4769G  4883T 5178A  7028T 8414T 8701G  8860G  9078C 9540C 10398G  10400T 10873C  10874T 11719A 11770C
12705T  14668T  14766T  14783C  15043A 15301A 15326G  16093C  16142T 16179T  16223T 16295T 16325C  16362C  16497G  16519C

23000343 MH981829 c1did 1 73G 194T 249del 263G 290del  291del  315.1C  489C 523del  524del 750G 1438G  2706G  3552A  4715G  4769G  7028T 7196A  7697TA  8584A  8701G  8860G  9540C 9545G  10398G
10400T  10837T  10873C  11719A 11914A 12705T 13263G  14318C  14766T 14783C 15043A 15301A 15326G  15487T 16051G  16172C  16223T 16298C  16325C  16327T

23000344 MH981830 Clb 1 73G 249del 263G 290del  291del  315.1C  489C 493G 523del  524del 750G 1438G  2393T 2706G  3197C  3552A  4715G  4769G  7028T 7196A  8584A  8701G  8860G  9540C 9545G
10398G  10400T  10873C  11719A 11914A 12705T 13263G  14318C  14766T 14783C 15043A 15301A 15326G  15487T 16126C 16223T 16298C  16325C  16327T

23000345 MH981831 A2 1 64T 73G 146C 153G 235G 238G 263G 315.1C  523del  524del 750G 1438G  1736G  2706G  3816G  4188G  4248C  4769G  4824G  7028T  7581C  8027A  8794T  8860G  11719A
12007A  12705T  14766T  15326G  16111T 16209C 16223T  16290T  16301T  16319A

23000346 MH981832 B2b3a 1 73G 152C 263G 21T 315.1C  499A 750G 827G 1438G  1719A  2706G  3547G  3918A  4232C  4769G  4820A  4977C  5899.1C 6473T  6755A  7028T  8281del 8282del 8283del 8284del
8285del  8286del 8287del 8288del 8289del  8552C 8860G  9950C 10604C  11177T  11719A 13590A 13708A 14259R  14766T 15326G  15535T 15784C  16168T 16189C 16217C  16249C  16312G  16519C

23000347 MHo81833 B2h 1 73G 204Y 263G 3151C  499A 524.1A 524.2C 750G 827G 1438G  2706G  3547G  4769G  4820A  4977C  6473T 7028T 8281del 8282del 8283del 8284del 8285del 8286del 8287del 8288del
8289del  8860G  9950C 111777 11719A  11821G  13590A 14094C  14410A 14766T 15326G  15535T 16189C 16217C  16468C  16519C

23000348 MHo81834 B2e 1 73G 263G 3151C  499A 524.1A 5242C 5243A 5244C 750G 1438G  2706G  3547G  4769G  4820A  4947C  4977C 6119T 6473T 7028T 8281del 8282del 8283del 8284del 8285del  8286del
8287del  8288del 8289del 8860G  9950C 111777 11719A  13590A  14049T  14766T  15326G  15535T 15672C  15781T 16093Y 16189C 16217C  16257M 16519C

23000349 MHo81835 D1 1 73G 146C 263G 315.1C  489C 750G 1438G 1943G  2092T 2706G  3010A  3591A  4769G  4883T 5178A  6305T 7028T 8414T 8701G  8860G  9540C 9554A  10398G  10400T  10873C
11719A  12705T  13989T  14668T 14766T 14783C  15043A 15301A 15326G  16223T 16325C  16362C  16519C
73G 89C 93G 95C 152C 182T 186A 189C 236C 247TA 263G 297G 3151C  316A 523del  524del 750G 769A 825A 1018A  1438G  2395del 2706G  2755G  2758A

23000350 MH981836 Licla2 1 2863C  2885C  3513T  3594T  3666A  3796T  3843G  3927G  4104G  4454A  4769G  5147A  5460A 5951G  6071C  7028T  7055G  7146G  7256T  7389C  7521A  8027A  8087C  8468T  8655T
8701G  8860G  9072G  9540C 9647C  9758C 9948A  10196T 10321C 10398G 10586A 10688A 10810C 10873C 11719A 11899C 12705T 12810G 13105G 13209T 13269G 13485G 13506T 13608C  13650T
13789C  14000A 14088C  14148G  14178C  14560A 14766T 14911T 15326G  15799G 15930A 16129A 16189C 16223T 16274A 16278T 16293G  16294T 16311C  16360T  16519C
73G 143A 249del 263G 290del  291del  315.1C  489C 523del  524del 750G 986C 1438G  1462A  1842G  2706G  3531A  3552A  4691T  4715G  4769G  5003T 7028T 7196A  7673G

23000351 MH981837 Cl 1 |8584A  8701G  8860G  9540C 9545G  10398G  10400T 10403G 10873C 11719A 11914A 12705T 13263G 14318C 14417G 14766T 14783C 15043A 15301A 15326G 15487T 16223T 16265C 16298C  16325C
163277 16362C

23000352 MHo81838 B2h 1 73G 2411T  241.2A  241.3A 263G 3151C  499A 524.1A 524.2C 750G 827G 1438G  2706G  3547G  4769G  4820A  4977C  6473T 7028T 8281del 8282del 8283del 8284del 8285del  8286del
8287del 8288del 8289del 8860G  9950C  11177T 11719A 11821G  13590A 14094C 14410A 14766T 15326G 155357 16189C 16217C  16468C  16519C

23000353 MH981839 Clb2 1 72C 73G 249del  290del  291del  315.1C  489C 493G 523del  524del 750G 1438G  2706G  3552A  3915A  4191G  4242T 4715G  4769G  T7013A  7028T 7196A  8584A  8633G  8701G
8860G  9540C  9545G  9557T 10398G  10400T  10873C  11719A 11914A 12454A 12705T 13263G  14318C  14766T 14783C  15043A 15301A 15326G  15487T 16154C  16223T 16298C  16325C  16327T  16519C

23000354 MH981840 A2 1 73G 146C 153G 235G 263G 3151C 523del  524del 663G 750G 1438G  1736G  2706G  3733R  4248C  4769G  4824G  7028T 8027A  8794T 8860G  9096C 10463C  11719A  12007A
12705T  14127C  14766T  15326G  15951G  16111T 16126C  16223T  16259T  16290T  16319A 16327T  16362C  16519C

23000355 MH981841 L3e2a1bl 1 73G 150T 195C 198T 263G 3151C  499A 750G 1438G  2352C  2706G  4769G  4823C 6413C 7028T 7170T 7867T 8701G  8860G  9540C 10398G  10819G  10873C 11719A  12705T
13105G  14212C  14766T  14869A 14905A 15301A 15326G  16223T  16320T  16399G  16519C

23000356 MH981842 J1c2e2 1 73G 185A 188G 228A 263G 295T 315.1C  462T 489C 523del  524del  709A 750G 1438G  2706G  3010A  4216C  4232C  4769G 70287  8404C  8860G  10398G 11251G  11719A
12612G  13708A  14766T  14798C  15326G  15452A 16069T 16126C  16278T 16366T  16519C

23000357 MH981843 Cib2 1 72C 73G 249del  290del  291del  3151C  489C 493G 523del  524del 750G 1438G  2706G  3552A  3915A  4191G  4242T  4715G  4769G  7013A  7028T  7196A  8584A  8633G  8701G
8860G  9540C 9545G  9557T 10398G  10400T  10873C  11719A 11914A 12454A 12705T 13263G  14318C  14766T 14783C  15043A 15301A 15326G  15487T 16154C  16223T 16298C 16325C  16327T  16519C

23000358 MHo81844 B2 1 57G 73G 146C 151T 260A 263G 315.1C  499A 523del  524del 750G 827G 1438G  2706G  3372C  3547G  4769G  4820A  4977C  6473T 7028T 7830A  828ldel 8282del 8283del
8284del  8285del  8286del 8287del 8288del 8289del 8860G  9950C 10821R  11177T 11719A 13500C  13590A 14766T 15326G  15535T 16129A 16189C 16217C  16316G  16519C
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23000359 MHo81845 A2+(64) 64T 73G 146C 153G 210G 235G 263G 3151C  523del  524del 663G 739T 750G 1438G  1736G  2706G  4248C  4769G  4824G  7028T  8027A  8794T  8860G  9210G  11719A
12007A  12705T 14766T 15300C 15326G  16111T 16223T 16290T 16319A 16362C  16519C

23000360 MH981846 Die 73G 146C 263G 273T 315.1C  489C 750G 1438G  2092T  2706G ~ 3010A  3316A  4769G  4883T  5178A  5773A  7028T  8414T  8701G  8860G  8934T  9540C  10398G 10400T  10873C
11248G  11719A  12705T  14668T  14766T 14783C  15043A 15301A 15326G 162237  16325C  16362C

23000361 MHo81847 c1d1 73G 1947 195C 249del 263G 290del  291del  315.1C  489C 523del  524del 750G 1438G  2706G  3552A  4715G  4769G  7028T  7196A  7697A  8584A  8588C  8701G  8860G  9540C
9545G  10398G _ 10400T  10873C  11090T 11719A 11914A 12501A 12705T 12879C 13263G  14318C  14766T 14783C 15043A 15301A 15326G  15487T 16051G  16093C  16223T 16298C  16325C  16327T

23000362 MH981848 B2 73G 263G 315.1C  499A 573.1C 750G 827G 1438G  2706G  3547G  4769G  4820A  4977C  5186G  5375T  5895T  6473T  7028T  8281del 8282del 8283del 8284del 8285del 8286del 8287del
8288del 8289del 8860G  9950C  11177T 11719A 13125T 13590A 14766T 15326G  15535T 15884A 16189C 16217C  16519C
73G 152C 182T 185T 195C 198T 247A 263G 315.1C 357G 523del  524del  709A 710C 750G T69A 825A 1018A  1462A  1738C  2352C  2706G  2758A  2768G ~ 2885C

23000363 MHo81849 L1bla12a 3308C  3594T  3666A  3693A  4104G  4769G  5036G  5046A  5393C  5655C  6548T  6827C  6989G  7028T  7055G  7146G ~ 7256T  7389C  7521A  7867T  8248G  8468T  8655T  8701G  8860G
9540C  10398G 10688A 10810C 10873C 11002G 11719A 12519C 12705T 13105G 135067 13650T 13789C 13880A 14178C 14203G 14560A 14766T 14769G 15115C 15326G 16126C 16187T 16189C  16223T
16264T  16270T  16278T 16293G  16311C  16400T  16519C
73G 150T 1947 249del 263G 290del  291del  315.1C  489C 523del  524del 750G 1438G  2706G  3537G  3552A  4715G  4769G  6915A  7028T  7196A  T7697A  8584A  8701G  8860G

23000364 MH981850 Cldl 9347G  9540C  9545G  10398G  10400T 10754G 10873C 11719A 11914A 12705T 13015C 13263G 14318C 14766T 14783C 15043A 15301A 15326G 15487T 15886T 16051G 16209C 16223T 16298C  16325C
16327T  16519C
73G 146C 150T 152C 18217 183G 195C 198T 204C 263G 315.1C 385G 418T 523del  524del 750G T69A 1018A  1438G  1442A  1706T  2332T  2358G  2416C  2706G

23000365 MHo81851 L2blb 3594T  4104G  4158G  4370C  4767G  4769G  4944G  5027T  5331A  5814C  6026A  6629G  6713T  6852A  6896C  7028T  7256T  7521A  7624A  8080T  8206A  8387A  8701G  8860G  9221G
9540C  10115C  10398G  10828C  10873C 11719A 11944C 12236A 12705T 12948G 13590A 13650T  13924T 14059G 14766T 15110A 15217A 15301A 15326G 16114A 16129A 16153A 16213A 162237  16278T
16311C  16362C  16390A

23000366 MH981852 A2 73G 146C 152C 153R 235G 263G 3151C 523del  524del 663G 750G 1438G  1736G  2706G ~ 4248C  4769G  4824G 70287  8027A  8794T  8860G  9064A  9096C  10463C 11719A
12007A  12705T 14127C  14766T 15326G  15951G  16111T 16126C 16223T 162597 16290T 16319A 16362C  16519C

23000367 MH981853 A2+(64) 64T 73G 146C 153G 235G 263G 3151C  523del  524del 573.1C 663G 750G 1438G  1736G ~ 2706G  4248C  4706G  4769G ~ 4824G  5782C  7028T  8027A  8794T  8860G  11272G
11719A 12007A  12705T 14766T 15326G  16111T 16223T 16274R  16290T  16319A 16362C
73G 1517 152C 182T 186A 189C 195C 198T 247A 263G 297G 315.1C  316A 416A 508G 523del  524del 750G T69A 825A 1018A  1291C  1438G  2395del 2706G

23000368 MH981854 L1clb 2758A  2885C  3594T  3666A  3796T  3834A  3843G  4104G  4580C  4688C  4769G  5480G  5553C  5951G  6071C  6252G 70287  7055G  7146G  7196T  7256T  7389C  7521A  7660C  8027A
8468T  8619T  8655T  8701G  8860G  9072G  9540C  9861C  10084C 10321C 10398G 10586A 10688A 10810C 10861C 10873C 11719A 11899C 12681C 12705T 12810G 13105G 13485G 13506T  13650T
13789C  13874C  14000A 14148G  14178C  14356T 14393G  14554G  14560A 14766T 14911T 15326G  16086C 16129A 16187T 16189C 16223T 16241G  16278T 16291T 16293G  16294T 16311C 16360T  16519C

23000369 MHo81855 BoiL 73G 263G 315.1C  430C 485C 499A 750G 827G 961C 1438G  2706G  3547G  4769G  4820A  4935R  4977C  6272G  6473T  7028T  828ldel 8282del 8283del 8284del 8285del 8286del
8287del 8288del 8289del 8736C  8860G  9950C  11177T 11719A 13590A 14766T 15326G  15535T 16189C 16217C  16311C  16519C

23000370 MH981856 D1 73G 263G 315.1C  489C 750G 1438G  2092T  2706G ~ 3010A  4769G  4883T  5178A  6261A  7028T  8414T  8701G  8860G  9540C  10398G 10400T 10873C 11719A 12705T 14668T  14766T
14783C  15043A 15301A 15326G  16223T 16325C  16362C  16519C

23000371 MH981857 B2ola 73G 152C 263G 315.1C  499A 750G 827G 1438G  2706G  3547G  4769G  4820A  4977C  6473T  7028T  7270C  8281del 8282del 8283del 8284del 8285del 8286del 8287del 8288del 8289del
8573A  8856A  8860G  9950C  11177T 11719A 13476G  13590A 14500G  14766T 15326G  15535T 16092C 16145A 16189C 16217C  16519C

23000372 MH981858 H4alada 195C 263G 315.1C  523del  524del 750G 1438G  3992T  4024G ~ 4769G  5004C  8269A  8860G  9123A  9615C  14365T 14569A 14582G  15326G  16233G

23000373 MHo81859 B2 73G 152C 263G 315.1C  460C 499A 750G 827G 1438G  2706G  3547G  3990T  4769G  4820A  4977C  5417A  6473T  7028T  7609C  828ldel 8282del 8283del 8284del 8285del 8286del
8287del 8288del 8289del 8860G  9950C  11177T 11719A 12880C 13590A 14094C 14766T 15326G  15535T 16189C 16217C  16466G  16468C  16519C

23000374 MH981860 A2+(64) 64T 73G 146C 153G 235G 263G 315.1C 324y 523del  524del 663G 750G 1438G  1736G  2706G  3397G = 4248C  4769G = 4824G  7028T  8027A  8794T  8860G  11719A 12007A
12705T  13926C  14766T  15326G  16084A 16111T 16215G  16223T  16290T  16319A  16362C

23000375 MH981861 Hlela4 263G 315.1C  709A 750G 1438G  3010A  4769G  5460A  7196T  8512G  8860G  11113C 11371G  14902T 15326G  16311C  16519C

23000376 MHo81862 Die 73G 146C 263G 273T 315.1C  489C 750G 1438G  2092T  2706G ~ 3010A  3316A  4769G  4883T  5178A  5773A  7028T  8414T  8701G  8860G  8934T  9540C  10398G  10400T  10873C
11248G  11719A 12705T  14668T  14766T 14783C  15043A 15301A 15326G  16223T  16325C  16362C

23000377 MHo81863 Cib2 73G 249del  290del  291del  315.1C  489C 493G 523del  524del 750G 1438G  2706G  3552A  4242T  4715G  4763T  4769G  7013A  7028T  7196A  8584A  8701G  8860G  9540C  9545G
9557T  10398G  10400T 10873C  11719A 11914A 12454A 12705T 13263G  14318C  14766T 14783C 15043A 15301A 15326G  15487T 16223T 16298C 16299G  16325C  16327T  16519C

23000378 MHo81864 BoiL 73G 263G 315.1C  430C 485C 499A 750G 827G 961C 1438G  2706G  3547G  4769G  4820A  4853R  4977C  6272G  6473T  7028T  828ldel 8282del 8283del 8284del 8285del 8286del
8287del 8288del 8289del 8736C  8860G  9007G  9950C  11176R  11177T 11719A 13590A 14766T 15326G 155357 16189C 16217C 16311C  16519C

23000379 MHO81865 B2 57G 73G 151T 152C 207A 211G 263G 315.1C  499A 523del  524del 750G 827G 1438G  2706G  3372C  3547G  4769G  4820A  4977C  6473T  7028T  8281del 8282del 8283del
8284del  8285del 8286del 8287del 8288del 8289del 8860G  9950C  10364A 11177T 11719A 13590A 14527G  14766T 15326G  15535T 16093C  16189C 16217C  16316G  16360T  16519C

23000380 MH981866 J1c2e2 73G 185A 188G 228A 263G 295T 315.1C  462T 489C 523del  524del  709A 750G 1438G  2706G  3010A  4216C  4232C  4769G 70287  8404C  8860G  10398G 11251G 11719A
12612G  13708A  14766T 14798C  15326G  15452A  16069T 16126C  16278T  16366T  16519C

23000381 MH981867 L3elala 73G 150T 185A 189G 200G 263G 315.1C 750G 1438G  2352C  2706G  3438A  3918A  4769G  6221C  6587T  7028T  8650T  8701G  8860G  9540C  10398G 10819G 10873C  11332G
11719A 12705T 14152G  14212C  14766T 15301A 15326G  15670C  15942C  16185T 162237  16311C  16327T
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73G 249del 263G 290del  291del  315.1C  316A 489C 493G 523del  524del 750G 1438G  2706G ~ 3552A  4715G  4769G  4823C  6060C  7028T  7196A  8584A  8701G  8860G  9540C

23000382 MH981868 Clb 9545G  9797C  10313C 10398G  10400T 10873C 11239G 11719A 11914A 12705T 13263G 13437C 13539G 14318C 14766T 14783C 15043A 15301A 15326G 15487T 161767 16223T 16298C 16325C  16327T
16362C

23000383 MH981869 Cib 73G 249del 263G 290del  291del  315.1C  489C 493G 523del  524del 750G 1438G  2706G  3206T  3552A  4715G  4733C  4769G 70287  7196A  8584A  8701G  8860G  9540C  9545G
10398G  10400T  10873C  11719A 11914A 12705T 13239T 13263G  14318C  14766T 14783C 15043A 15301A 15326G  15487T 162237 16298C 16325C  16327T  16352C

23000384 MH981870 A2 64T 73G 146C 153G 235G 238G 263G 3151C  523del  524del 750G 1438G  1736G  2706G  3816G  4188G  4248C  4769G  4824G  7028T  7581C  8027A  8794T  8860G  11719A
12007A  12705T  14766T 15326G  16111T 16209C 16223T 16290T  16301T  16319A

23000385 MHo81871 B2h 73G 263G 3151C  499A 524.1A  5242C 750G 827G 1438G  2706G  3547G  4769G  4820A  4977C  6473T  7028T  8281del 8282del 8283del 8284del 8285del 8286del 8287del 8288del 8289del
8860G  9950C  11177T 11719A 11821G  13590A 14094C 14410A 14766T 15326G  15535T 16189C 16217C 16468C 16519C

23000386 MHo81872 A2+(64) 64T 73G 146C 153G 235G 263G 27117 3151C  523del  524del 663G 750G 1438G  1736G  2706G =~ 4248C  4769G  4824G  7028T  7118G  8027A  8794T  8860G  10237C  11719A
12007A  12705T  12858T 14364A 14766T 15326G  16111T 16223T 162667 16290T  16319A 16362C

23000387 MH981873 Die 73G 146C 263G 273T 315.1C  489C 750G 1438G  2092T  2706G ~ 3010A  3316A  4769G  4883T  5178A  5773A  7028T  8414T  8701G  8860G  8934T  9540C  10398G 10400T  10873C
11248G  11719A 12705T  14484C  14668T 14766T 14783C  15043A 15301A 15326G  16223T  16325C  16362C

23000388 MH981874 A2+(64) 64T 73G 146C 153G 235G 263G 3151C 523del  524del 663G 750G 1438G  1736G  2706G  3397G  4248C  4769G  4824G  7028T  8027A  8794T  8860G  11719A 12007A  12705T
13926C  14766T 15326G  16084A 16111T 16215G  16223T  16290T  16319A  16362C

23000389 MH981875 B2 57G 73G 151T 152C 207A 211G 263G 315.1C  499A 523del  524del 750G 827G 1438G  2706G  3372C  3547G  4769G  4820A  4977C  6473T  7028T  7664A  8281del 8282del
8283del 8284del 8285del 8286del 8287del 8288del 8289del 8860G  9950C  11177T 11719A 13590A 14527G  14766T 15326G  15535T 16093C  16189C 16217C  16316G  16360T  16519C

23000390 MH981876 A2 73G 146C 153G 235G 263G 315.1C  523del  524del 663G 750G 1438G  1736G ~ 2706G ~ 4248C  4769G ~ 4824G 70287  8027A  8794T  8860G  9548A  9899C  11719A 12007A  12705T
13569C  14687G  14766T 15326G  16111T 16223T 16235G  16290T 16319A 16362C 16512C  16519C  16544C

23000391 MH981877 HV+16311 263G 315.1C 750G 1438G  2706G  4769G  7028T  8860G  9801A  10205T 10920T 15326G  15514C 16311C  16519C
73G 152C 182T 185T 195C 198T 247TA 263G 315.1C 357G 523del ~ 524del  709A 710C 750G T69A 825A 1018A  1462A  1738C  2352C  2706G  2758A  2768G ~ 2885C

23000392 MH981878 L1blatoa 3308C  3594T  3666A  3693A  4104G  4769G  5036G  5046A  5393C  5655C 65487  6827C  6989G  7028T  7055G  7146G  7256T  7389C  7521A  7867T  8248G  8468T  8655T  8701G  8860G
9540C  10398G  10688A 10810C 10873C 11002G 11719A 12519C 12705T 13105G 13506T 13650T 13789C 13880A 14178C 14203G 14560A 14766T 14769G 15115C 15326G 16126C 16187T 16189C  16223T
16264T  16270T  16278T 16293G  16311C  16400T  16519C

23000393 MH981879 D1 73G 210G 228A 263G 315.1C  489C 750G 1438G  2092T  2706G ~ 3010A  4769G ~ 4883T  5178A  6779G  7028T  8414T  8701G  8860G  9540C  10398G  10400T 10873C 11150A 11719A
12705T  14668T 14766T 14783C  15043A 15106A 15301A 15326G  16223T 16239T 16288C  16325C  16362C

23000394 MH981880 A2+(64) 64T 73G 143A 146C 153G 235G 263G 3151C  456T 523del  524del 663G 750G 1438G  1736G  2706G ~ 2850C  3498T  4216C  4248C  4769G  4824G 70287  8027A  8794T
8860G  8939C  9989C  11016A 11719A 12007A 12705T 13708A 14766T 15326G 15968C 16111T 16223T 16290T 16319A 16362C
73G 194T 249del 263G 290del  291del  315.1C  489C 523del  524del  547R 750G 1438G  2706G  3338C  3552A  4048A  4652T  4715G  4769G  4955T  7028T  7196A  7354C  T7697A

23000395 MH981881 Cldl 8584A  8701G  8860G  9540C  9545G  10398G 10400T 10873C 11167G 11719A 11914A 12705T 12930G 13263G 14318C 14766T 14783C 15034G 15043A 15301A 15326G 15487T 16051G 16223T  16287T
16298C  16311C  16325C  16327T

23000396 MH981882 D4h3a 73G 152C 263G 315.1C  489C 523del  524del 750G 1438G  2242C  2706G  3010A  3336C  3396C  3644C  4025T  4769G  4883T  5048C  5178A  6285A  7028T  8414T  8701G  8860G
8946G  9458T  9540C  10256C  10398G  10400T  10873C 11719A 12705T 13135A 14668T 14766T 14783C 15043A 15301A 15326G  16223T 16241G  16296T 16301T  16342C  16362C

23000397 MH981883 A2+(64) 64T 73G 143A 146C 153G 235G 263G 3151C  456T 523del  524del 663G 750G 1438G  1736G  2706G  2850C  3498T  4216C  4248C  4769G  4824G 70287  8027A  8794T
8860G  8939C  9989C  11016A 11719A 12007A 12705T 13708A 14766T 15326G 15968C 16111T 16223T 16234Y 16290T 16319A 16362C

23000398 MH981884 A2 73G 146C 153G 235G 263G 315.1C  523del  524del 663G 750G 1438G  1736G  2706G  4248C  4769G  4824G 70287  8027A  8794T  8860G  9548A  9899C  11719A 12007A 12705T
13569C  14687G  14766T 15326G  16111T 16223T 16235G  16290T 16319A 16362C 16512C  16519C  16544C

23000399 MHo81885 B2iL 34A 73G 263G 3151C  430C 485C 499A 524.1A 5242C 750G 827G 961C 1438G  2706G  3547G  4769G  4820A  4977C  6272G  6473T 70287  8281del 8282del 8283del 8284del
8285del 8286del 8287del 8288del 8289del 8552C  8736C  8860G  9950C  11177T 11719A 13590A 14766T 15326G  15535T 16179del 16189C 16217C  16311C  16519C

23000400 MHo81886 D1 73G 146C 263G 315.1C  489C 750G 980C 1438G  2092T  2706G ~ 3010A  3591A  4769G  4883T  5178A  6305T  7028T  8414T  8701G  8860G  9540C  9554A  10398G  10400T  10873C
11719A 12705T  13989T  14668T  14766T 14783C  15043A 15301A 15326G  15682G  16223T  16325C  16362C  16519C

23000401 MHo81887 Die 73G 146C 263G 273T 315.1C  489C 750G 1438G  2092T  2706G ~ 3010A  3316A  4769G  4883T  5178A  5773A  7028T  8414T  8701G  8860G  8934T  9540C  10398G 10400T  10873C
11248G  11719A 12705T  14484C  14668T 14766T 14783C  15043A 15301A 15326G  16223T  16325C  16362C

23000402 MHo81888 A+152+163624200 73G 152C 200G 235G 263G 315.1C  523del  524del 663G 750G 1438G  1736G ~ 2706G =~ 4248C  4769G  4824G 70287  8794T  8860G  11719A 12705T 14766T 15326G 162237  16256T
16290T  16319A  16362C

23000403 MH981889 Clb 73G 249del 263G 290del  291del  315.1C  489C 493G 523del  524del 750G 930A 1438G  2706G  3552A  4715G  4736C  4769G  6125G  7028T  7196A  8584A  8701G  8860G  9540C
9545G  10398G  10400T  10873C  11719A 11914A 12705T 13263G  14318C 14766T 14783C 15043A 15301A 15326G  15487T 16187T 16223T 16298C 16325C  16327T

23000404 MH981890 C1did 73G 1947 249del 263G 290del  291del  315.1C  489C 523del  524del 750G 1438G  2706G  3552A  4715G  4769G  7028T  7196A  7697A  8584A  8701G  8860G  9540C  9545G  10398G
10400T  10873C  11719A 11914A 12705T 13263G  14318C 14766T 14783C 15043A 15301A 15326G  15487T 16051G 16172C  16223T 16298C 16325C  16327T
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23000407 MH981893 c1b 73G 249del 263G 290del  291del  315.1C  489C 493G 523del  524del 750G 1438G  2393T  2706G  3197C  3552A  4715G  4769G  7028T  7196A  8584A  8701G  8860G  9540C  9545G
10398G  10400T  10873C  11719A 11914A 12705T 13263G  14318C 14766T 14783C 15043A 15301A 15326G  15487T 16126C 16223T  16298C  16325C  16327T

23000408 MH981894 B2 73G 93G 146C 195C 263G 315.1C  499A 750G 827G 1438G  2706G  3438A  3547G  4136G  4769G  4820A  4977C  6473T  7028T  828ldel 8282del 8283del 8284del 8285del 8286del
8287del 8288del 8289del 8860G  9950C  11177T 11719A 11884G 13590A 14766T 14791T 15326G  15535T 16189C 16217C  16519C

23000409 MH981895 H4alada 152C 195C 263G 315.1C  523del  524del 750G 1438G  3992T  4024G  4769G  5004C  8269A  8860G  9123A  9615C  14365T 14569A 14582G  15326G  16233G

23000410 MH981896 U2elcl 73G 152C 217C 263G 3151C  340T 508G 750G 1438G  1811G  2524C  2706G  3720G ~ 4769G  5390G  5426C  5840T  6045T  6152C 70287  7151T  8860G  10876G 11176A 11467G
11719A 12308G  12346T  12372A 13020C  13734C  14766T 14974A 15326G  15907G  16051G  16129C 16362C  16519C

23000412 MHo81898 c1dL 73G 1947 195C 249del 263G 290del  291del  315.1C  489C 523del  524del 750G 1438G  2706G  3552A  4715G  4769G  7028T  7196A  7697A  8584A  8588C  8701G  8860G  9540C
9545G  10398G  10400T  10873C  11090T  11719A 11914A 12501A 12705T 12879C 13263G  14318C 14766T 14783C 15043A 15301A 15326G  15487T 16051G  16093C  16223T  16298C 16325C  16327T

23000413 MH981899 A2+(64) 64T 73G 146C 153G 235G 263G 3151C  523del  524del 663G 750G 1438G  1736G ~ 2706G ~ 4248C  4769G  4824G  7028T  7853A  8027A  8794T  8860G  10237C 11719A 12007A
12705T  12858T  14364A 14766T 15326G  16111T 162237 16266T 16290T  16319A 16325C  16362C
73G 1947 249del 263G 290del  291del  315.1C  489C 523del  524del 750G 1438G  2706G  3338C  3552A  4048A  4652T  4715G  4769G  4955T  7028T  7196A  7354C  7697A  8584A

23000415 MH981900 Cld1 8701G  8860G  9540C  9545G  10398G 10400T 10873C 11167G 11719A 11914A 12705T 12930G 13263G 14318C 14766T 14783C 15034G 15043A 15301A 15326G 15487T 16051G 16223T 16287T 16298C
16311C  16325C  16327T

23000416 MH981901 D1 73G 207A 263G 3151C  489C 750G 1007A  1438G  2092T  2706G  3010A  3504C  4769G  4883T  5178A  7028T  8065A  8414T  8701G  8860G  9509C  9540C  10398G 10400T  10873C
11719A  12127A  12705T  14668T 14766T 14783C 15043A 15301A 15326G  16223T 16325C 16357C  16362C  16519C

23000417 MH981902 c1dL 73G 1947 249del 263G 290del  291del  315.1C  489C 523del  524del 750G 1438G  2706G  3552A  4715G  4769G  7028T  7196A  7697A  8584A  8701G  8860G  9540C  9545G  10398G
10400T  10873C  11719A 11914A 12693G  12705T 13149G 13263G  13731G  14318C 14766T 14783C 14899G 15043A 15301A 15326G  15487T 16051G  16092C 16223T  16298C  16325C  16327T  16519C

23000418 MH981903 B2IL 73G 263G 315.1C  430C 485C 499A 750G 827G 961C 1438G  2706G  3547G  4769G  4820A  4977C  6272G  6473T  7028T  8281del 8282del 8283del 8284del 8285del 8286del 8287del
8288del 8289del 8736C  8860G  9950C  11177T 11719A 13590A 14766T 15326G  15535T 16189C 16217C  16311C  16519C

23000419 MH981904 Cldibl 73G 1947 195C 249del 263G 290del  291del  315.1C  489C 523del  524del 644G 750G 928G 1438G  2706G  3552A  4715G  4769G 70287  7196A  7337A  7697A  8584A  8701G
8860G  9540C  9545G  10398G  10400T  10873C 11719A 11914A 12705T 13263G  14318C 14766T 14783C 15043A 15301A 15326G  15487T 16051G  16298C  16325C  16327T

23000510 MH981905 B2h 73G 263G 315.1C  499A 524.1A  524.2C 750G 827G 1438G  2706G  3547G  4769G  4820A  4977C  6473T  7028T  8281del 8282del 8283del 8284del 8285del 8286del 8287del 8288del 8289del
8860G  9950C  11177T 11719A 11821G  13590A 14094C 14410A 14766T 15326G  15535T 16189C 16217C  16468C  16519C

23000511 MH981906 A2+(64) 64T 73G 146C 153G 235G 263G 3151C  523del  524del 663G 750G 1438G  1736G  2706G ~ 4248C  4769G ~ 4824G 70287  7981T  8027A  8794T  8860G  11719A 12007A 12354C
12705T  13788A 14766T 15262C  15326G  16111T 16223T 16290T 16319A 16362C  16519C

23000512 MH981907 D1 73G 195C 263G 315.1C  489C 593C 750G 1438G  2092T  2706G  3010A  4769G  4883T  5178A  6216C  7028T  8414T  8701G  8860G  9540C  9716C  10398G 10400T 10873C  11150A
11638T  11719A 12705T  14668T 14766T 14783C 15043A 15301A 15326G  15511C  16223T 16325C 16362C  16519C

23000514 MH981909 B2e 73G 263G 3151C  499A 524.1A  5242C 750G 827G 986A 1438G  2706G  3547G  4769G  4820A  4977C  6119T  6473T  7028T  8281del 8282del 8283del 8284del 8285del 8286del 8287del
8288del 8289del 8860G  9950C  11177T 11719A 13590A 14049T 14766T 15326G  15535T 16189C 16217C  16519C

23000515 MH981910 D1 73G 263G 3151C  489C 750G 1438G  2092T  2706G ~ 3010A  4769G  4883T  5178A  7028T  8414T  8701G  8860G  9540C  10398G 10400T 10873C 11719A 12705T 13557G  14668T  14766T
14783C  15043A 15301A 15326G  16145A 16172C  16223T 16325C  16362C

23000517 MH981911 B2 73G 103A 146C 152C 263G 315.1C  455.1T  499A 750G 827G 1438G  2706G  3547G  4769G  4820A  4977C  6473T  7028T  8281del 8282del 8283del 8284del 8285del 8286del 8287del
8288del 8289del 8860G  9950C  11177T 11719A 13590A 13594G  14470C  14766T 15326G  15535T 16189C 16217C  16519C

23000518 MH981912 D1 73G 263G 315.1C  489C 750G 1438G  2092T  2706G ~ 3010A  4769G  4883T  5178A  6261A  7028T  8414T  8701G  8860G  9540C  10398G 10400T 10873C 11719A 11830C 12705T  14668T
14766T  14783C  15043A 15301A 15326G  16223T  16325C  16362C  16519C
73G 1947 249del 263G 290del  291del  315.1C  489C 523del  524del 750G 1416G  1438G  2706G  3552A  4715G  4769G  6221C  7028T  7196A  7269A  7697A  8584A  8701G  8749C

23000520 MH981914 Cldid 8860G  9007G  9540C  9545G  10398G 10400T 10873C 11488G 11719A 11914A 12705T 13263G 14318C 14766T 14783C 15043A 15301A 15326G 15487T 15905G 15997Y 16051G 16172C 16213R  16298C
16325C  16327T

23000521 MH981915 Hi3alal 150T 257G 263G 3151C 750G 1438G  2259T  4745G  4769G  7337A  8860G  13326C 13680T  14872T 15326G  16189C  16220G

23000522 MH981916 B2 57G 73G 1517 260A 263G 315.1C  499A 523del  524del 750G 827G 1438G  2706G  3372C  3547G  4769G  4820A  4977C  6473T  7028T  7830A  828ldel 8282del 8283del 8284del
8285del 8286del 8287del 8288del 8289del 8860G  9950C  11177T 11719A 12780G  13590A 14766T 15326G  15535T 16189C 16217C  16316G  16519C

23000523 MH981917 D1 73G 263G 315.1C  489C 750G 1438G  2092T  2706G  2904R  3010A  4769G  4883T  5178A  6261A  7028T  8414T  8701G  8860G  9540C  10398G 10400T 10873C 11719A 12705T  14668T
14766T  14783C  15043A 15301A 15326G  16223T 16325C  16362C  16519C

23000524 MH981918 cib 73G 249del 263G 290del  291del  315.1C  489C 493G 523del ~ 524del 750G 930A 1438G  2706G  3552A  4715G  4736C  4769G  6125G  7028T  7196A  7999C  8584A  8701G  8860G
9540C  9545G  10398G  10400T  10873C 11719A 11914A 12705T 13263G  14318C 14766T 14783C 15043A 15301A 15326G  15487T 16187T 162237 16298C 16325C  16327T

23000525 MH981919 A2+(64) 64T 73G 143A 146C 153G 235G 263G 3151C 523del  524del 663G 750G 1438G  1736G  2706G = 2850C  4216C  4248C  4769G ~ 4824G  7028T  8027A  8794T  8860G  11719A
12007A  12705T  13708A 13768C  14605G  14766T 15326G  15968C 16111T 16223T 16290T 16319A 16362C  16519C

23000526 MH981920 Clb2 72C 73G 249del  290del  291del  315.1C  489C 493G 523del  524del 750G 1438G  2706G  3552A  3915A  4191G  4242T  4715G  4769G  7013A  7028T  7196A  8584A  8633G  8701G
8860G  9540C  9545G  9557T  10398G  10400T 10873C  11719A 11914A 12454A 12705T 13263G  14318C  14766T 14783C 15043A 15301A 15326G  15487T 16154C 16223T 16298C 16325C 16327T  16519C
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23000527 MHo81921 B2 73G 263G 315.1C  499A 750G 827G 1438G  2706G  3547G  4769G  4820A  4977C  6473T  7028T  8281del 8282del 8283del 8284del 8285del 8286del 8287del 8288del 8289del 8790A  8860G
9950C  11177T 11719A 13590A 14766T 15326G  15535T 16129A 16178C 16189C 16217C  16519C
23000528 MH981922 B2 57G 73G 1517 260A 263G 307T 314del  315del 464G 499A 523del  524del 750G 827G 1438G  2706G  3372C  3547G  4769G  4820A  4977C  5585A  6473T  7028T  7830A
8281del 8282del 8283del 8284del 8285del 8286del 8287del 8288del 8289del 8860G  9950C  10873C  11177T 11719A 13590A 14766T 15326G  15535T 16092C 16189C 16217C  16316G  16359C  16519C
23000530 MH981924 c1b 73G 249del 263G 290del  291del  315.1C  489C 493G 523del  524del 750G 1438G  2706G  3552A  4715G  4736C  4769G  5054C  7028T  7196A  8584A  8701G  8860G  9540C  9545G
10398G_ 10400T  10873C  11719A 11914A 12705T 13263G  14318C  14766T 14783C 15043A 15301A 15326G  15487T 16223T 16298C 16325C  16327T
23000531 MH981925 Clb2 73G 249del 263G 290del  291del  315.1C  489C 493G 523del ~ 524del 750G 1438G  2706G  3552A  4242T  4715G  4769G  7013A  7028T  7196A  8584A  8701G  8860G  9540C  9545G
9557T  10398G  10400T 10873C 11719A 11914A 12705T 13263G  14318C  14553T 14766T 14783C 15043A 15301A 15326G  15487T 16223T 16298C  16325C  16327T  16519C
23000532 MH981926 B2 73G 263G 315.1C  499A 750G 827G 1438G  2706G  3547G  4769G  4820A  4977C  6473T  7028T  8281del 8282del 8283del 8284del 8285del 8286del 8287del 8288del 8289del 8860G  9950C
11177T  11719A 12188C  13590A 14766T 15326G  15535T 16178C 16189C 16217C  16519C
23000533 MH981927 B2 73G 247TA 263G 3151C  499A 750G 827G 1438G  2706G  3547G  4769G  4820A  4977C  6473T  7028T  7055G ~ 828ldel 8282del 8283del 8284del 8285del 8286del 8287del 8288del 8289del
8860G  9128C  9950C  11177T 11719A 12007A 12245C 13500A 14766T 14962T 15326G  15535T 16189C 16217C  16519C
#1 1-10898 10962-16569
23000405 MHo81891 c1b 73G 249del 263G 290del  291del  315.1C  489C 493G 523del  524del 750G 930A 1438G  1888R  2706G  3552A  4715G  4736C  4769G  6125G  7028T  7196A  8584A  8701G  8860G
9540C  9545G  10398G  10400T  10873C  11719A 11914A 12705T 13263G  14318C  14766T 14783C  15043A 15301A 15326G  15487T 16187T 16223T 16298C 16325C  16327T
#! 1-14764 14767-16569
23000406 MH981892 A2+(64) 64T 73G 146C 153G 235G 263G 315.1C  408A 523del  524del  573.1C 663G 750G 1438G  1736G  2706G  4248C  4769G  4824G  7028T  8027A  8794T  8843C  8860G  9482C
11172G 11719A  12007A  12705T  14040A 14502C  15326G  16104T 16111T 16223T 16290T 16319A 16362C  16519C
#1 1-7793 7855-16569
23000411 MH981897 A2+(64) 64T 73G 146C 153G 189G 217C 235G 263G 3151C  489C 523del  524del 663G 750G 1438G  1736G  2706G ~ 2766T  4248C  4769G  4824G  6842C  6875A  7028T  7756T
8027A  8794T  8860G  10235C 11719A 12007A 12705T 14020C 14561G  14766T 15326G  16111T 16185T 162237 16290T  16310A 16319A 16362C  16519C
#11-285 287-16569
23000513 MH981908 c1b 73G 249del 263G 290del  291del  315.1C  489C 493G 523del  524del 750G 1438G  2706G  3221R  3B52A  4715G  4736C  4769G  5054C  7028T  7196A  8584A  8701G  8860G  9540C
9545G  10398G  10400T  10873C 11719A 11914A 12705T 13263G  14318C 14766T 14783C 15043A 15301A 15326G  15487T 16136C 16223T  16298C  16325C  16327T
#1 1-513 516-10424 10465-16569
23000519 MH981913 A2 73G 146C 153G 235G 263G 3151C  523del  524del 663G 750G 1438G  1736G  2706G = 4248C  4769G  4824G 70287  8027A  8794T  8860G  9096C  11719A 12007A 12705T 14127C
14766T  15326G  15951G  16111T 16126C  16223T 16259T 16290T 16319A 16327T 16362C  16519C
#1 1-10425 10465-16569
23000529 MH981923 D1 73G 263G 315.1C  489C 750G 1438G  2092T  2706G  3010A  4769G ~ 4883T  5178A  6261A  7028T  8414T  8701G  8860G  9540C  10398G 10400T 10873C 11719A 11830Y 12705T  14668T
14766T  14783C  15043A 15301A 15326G  16223T 16325C  16362C  16519C
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Table S3. Pairwise F 7 values between populations from Alto Parand*, Ecuador*, Peru* and Colombia* (below diagonal) and corresponding differentiation p-values (above diagonal)

Y ucu-Matapi | Curripaco [Ach-Piapoco [Carijona |Desano [Other-ET |Pira-Wanano |Siriano | Tanimuka | Tuka-Tatuyo |Siona Coreguaje [Sikuani _|Guayabero |Saliba  |Mur-Uitoto [Puinave [Nukak |Pasto  [Kamentsa |Inga Tikuna [Cocama |Yagua |Ecuador admixed |Ecuador native [Colombia [Peru Alto Parar
Y ucu-Matapi * 0.00069 0.00752 0.28680 [0.16246 |0.08514 [0.1875 0.28888 [0.27829 |0.15048 <0.000005 |0.03455 0.00168 [0.00079  [0.03841 |0.03326 0.01049 |0.02079 [0.05504 |0.19058 [0.01337 |0.06920 |0.01693 |0.00257 |<0.000005 <0.000005 <0.000005<0.0000070.00050
Curripaco 0.17363 * 0.00079 0.09474 |0.02386 [0.01020 [0.02386 0.06653 [0.01148 |0.04257 0.01020 0.00406  {0.00020 (0.03089  |0.00109 |0.00356 0.13622 [0.02069 |0.03653 |0.00851 |0.00168 |0.00050 |0.28017 [0.00683 [0.21315 0.09811 0.00970 10.18800 |0.03524
Ach-Piapoco 0.09707 0.20299 |* 0.06247 |0.09078 |0.24483 (0.11484 0.27720 [0.06564 [0.11771 0.00059 0.00297  0.00446 (0.01901  |0.01733 |0.00851 0.00198 {0.00059 |0.08316 |0.04366 [0.08960 [0.08405 ]0.02287 [0.03455 |<0.000005 <0.000005 <0.000005<0.0000010.00059
Carijona 0.01406 0.09417 10.10865 * 0.41154 [0.10237 0.29314 0.36086 [0.17721 |0.27453 0.00337 0.46669 0.04534 [0.09435  |0.18761 |0.14117 0.28948 [0.20503 |0.15256 |0.44223 |0.04643 |0.08385 [0.21760 [0.02891 (0.03168 0.00703 0.00059 0.02198 |0.16721
Desano 0.02229 0.10734 0.04975 -0.00160 [* 0.48134 0.96466 0.96476 [0.11395 |0.91852 0.00079 0.06653 [0.00604 [0.06564 |0.14949 |0.57153 0.06970 {0.02020 |0.68894 |0.35284 |0.10326 |0.18523 |0.20236 [0.03277 (0.00683 0.00040 0.00050 |0.00406 |0.22523
Other-ET 0.05952 0.17673 0.01691 0.08900 |-0.01135 |* 0.58489 0.74735 [0.16781 |0.69785 0.00762 0.01406  0.01564 [0.09356  |0.09494 |0.25453 0.02208 {0.00307 |0.57460 |0.10949 |0.32423 |0.30898 |0.10593 [0.12751 [0.00663 0.00010 0.00554 10.00327 |0.09435
Pira-Wanano 0.02195 0.12453 10.04779 0.01698 |-0.04719 |-0.02597 [* 0.89645 [0.11534 |0.98485 0.00218 0.04772 ]0.01208 [0.07039  |0.12791 |0.65518 0.04554 [0.01723 |0.61588 |0.26938 |0.12009 |0.28007 |0.15127 |0.04208 [0.00733 <0.000005 0.00129 0.00366 |0.19127
Siriano 0.00941 0.09818 0.01083 0.00288 |-0.05609 |-0.04798 (-0.05510 * 0.25403 0.78428 0.01782 0.08366  0.01960 [0.23295  |0.22067 |0.41788 0.09415 [0.04762 |0.71290 ]0.28760 |0.32373 |0.36383 |0.33581 [0.12187 [0.03406 0.00129 0.01139 0.02218 |0.33442
Tanimuka 0.01089 0.18158 ]0.09371 0.08098 |0.05595 [0.05006 [0.06046 0.01871 [* 0.14801 0.01960 0.01950 |0.00614 [0.05099  |0.02455 |0.06108 0.03198 |0.02030 [0.15325 [0.07336 |0.16632 |0.14424 [0.09801 |0.07296 |0.00525 0.00020 0.00436 _10.00079 |0.01980
Tuka-Tatuyo 0.03489 0.10917 0.05841 0.02490 |-0.05005 |-0.04155 [-0.07106 -0.05236 10.05880 [* 0.00842 0.04346  0.01129 [0.10217  |0.13484 |0.76131 0.07871 |0.02831 [0.74191 [0.21305 |0.15088 |0.27106 [0.23928 |0.06574 |0.03416 0.00069 0.00495 10.02416 |0.34066
Siona 0.25203 0.14569 10.20643 0.25781 |0.18742 10.17525 |0.20256 0.15166 [0.16990 |0.18258 * <0.000005 |<0.00000{0.00248  |<0.00000§0.00010 0.00079 |<0.00000§0.02228 |0.00010 |0.02030 |<0.00000{0.03109 |0.02079 |0.00545 0.00010 0.04693 10.00178 |0.00030
Coreguaje 0.06316 0.20667 10.17645 -0.00952 |0.05644 [0.15802 [0.08432 0.07590 [0.16367 |0.10148 0.34479 * 0.00564 [0.00178  [0.07455 0.00772 0.03792 |10.04613 [0.01257 |0.29720 |0.00327 |0.00802 [0.01168 |0.00109 |0.00010 <0.000005 <0.00000§0.00010 0.00099
Sikuani 0.16938 0.34558 0.21771 0.15401 |0.16981 |0.24256 [0.18152 0.19098 [0.27693 |0.21303 0.45298 0.17829 |* 0.00238  [0.00762 |0.00040 0.00030 |0.00119 [0.00337 |0.01574 {0.00139 |0.00386 |0.00079 |0.00040 |<0.000005 <0.000005 <0.000005<0.00000{<0.000005
Guayabero 0.10977 0.08700 0.07826 0.08093 |0.05360 [0.06179 [0.06166 0.02838 [0.09732 |0.06082 0.14809 0.16862 |0.18777 |* 0.00485 (0.00396 0.00792 |0.00149 [0.10128 [0.01802 |0.02574 |0.01109 [0.10118 |0.02079 |0.00010 <0.000005 0.00020 |0.00020 {0.00257
Saliba 0.06227 0.21893 0.12670 0.03449 |0.03134 |0.07258 [0.04020 0.02605 [0.13731 |0.04736 0.32151 0.05462  |0.16568 [0.13469  [* 0.03772 0.01544 |10.01049 [0.05217 |0.25443 |0.00931 |0.04029 [0.01406 |0.00337 |0.00010 <0.000005 <0.0000050.00010 0.00257
Mur-Uitoto 0.04673 0.13610 0.09539 0.04379 |-0.01174]0.01507 (-0.01746 -0.00226 |10.07527  (-0.02847 0.20579 0.10403  0.20620 [0.09018  |0.05983 |* 0.01208 |0.00238 [0.61390 [0.12910 |0.02505 |0.08356 [0.06257 |0.00495 |0.00040 <0.000005 <0.0000050.00050 0.08088
Puinave 0.09649 0.04213 0.17573 0.01736 |0.06246 [0.15148 [0.09075 0.07240 [0.14049 |0.08369 0.22156 0.09836  [0.27310 [0.11045  |0.13279 |0.09508 * 0.06158 [0.04406 ]0.08336 [0.00307 [0.00634 ]0.21731 [0.00832 |0.02921 0.01129 0.00010 |0.02891 |0.06257
Nukak 0.09218 0.16523 0.25252 0.04791 |0.12216 |0.24380 [0.14981 0.14394 [0.20058 |0.15834 0.37938 0.09175 ]0.28618 [0.19183  |0.15014 |0.15123 0.09771 [* 0.00752 [0.07158 0.00020 |0.00188 [0.02069 |0.00059 |<0.000005 <0.000005 <0.0000050.00010 0.00139
Pasto 0.06003 0.09336 10.05726 0.05133 |-0.02175 |-0.02122 (-0.02350 -0.03403 |0.04776  |-0.03903 0.11219 0.13318 [0.23727 |0.04580  |0.07651 |-0.01569  [0.08674 [0.18612 |* 0.11187  [0.25374 [0.17087 |0.33264 |0.10019 |0.06287 0.00069 0.01109 0.03336 |0.40451
Kamentsa 0.02419 0.18675 ]0.11536 -0.00779 |0.00229 |0.07744 (0.01344 0.01068 [0.11477 |0.03014 0.31223 0.01108 ]0.18224 [0.12679  |0.01843 |0.03801 0.08603 |0.10656 [0.05940 |* 0.05059 |0.10682 [0.06356 |0.01386 |0.00168 0.00030 0.00010 |0.00149 |0.04495
Inga 0.10373 0.18957 10.05491 0.13221 |0.04497 |0.00381 [0.04419 0.00217 [0.04261 |0.04432 0.11739 0.20464 0.28746 [0.08061  |0.15340 |0.07708 0.17928 {0.28392 |0.01521 ]0.11273 |* 0.11029 [0.05039 |0.08316 |0.00099 <0.000005 0.00238 10.00010 |0.00752
Tikuna 0.04470 0.20943 0.05333 0.08236 |0.02119 |0.00684 [0.00892 -0.00183 |0.04770 [0.01501 0.21957 0.13068 |0.21403 [0.10459  |0.08980 |0.03943 0.14944 {0.20190 |0.02817 ]0.05967  |0.04639 [* 0.02990 [0.04158 [0.00030 <0.000005 <0.000005<0.0000070.00683
Cocama 0.08395 0.01146 10.09278 0.02773 |0.02109 |0.05910 [0.03388 0.00563 [0.07438 |0.01914 0.09076 0.12370 ]0.25421 [0.04198  |0.11865 |0.05042 0.02215 [0.13523 |0.00347 ]0.08158 |0.07187 [0.08562 |* 0.06346 |0.48104 0.02525 0.03425 10.25007 |0.47579
Yagua 0.15715 0.16699 0.10886 0.15925 |0.09279 ]0.05959 (0.09684 0.05790 [0.09726 |0.08363 0.12250 0.24699  0.34002 [0.10026  |0.20958 |0.13019 0.17750 |0.30002 [0.05860 [0.19112 |0.06236 |0.09741 [0.07359 |* 0.00198 0.00020 0.00960 10.00099 |0.00881
Ecuador admixed 0.14159 0.01175 ]0.15015 0.08647 |0.07797 |0.11647 [0.09345 0.06999 [0.12733 |0.07385 0.08894 0.17318 ]0.28192 [0.08207  |0.17266 |0.09102 0.04828 |0.16849 [0.04235 [0.13917 ]0.11725 |0.14990 (-0.00533]0.11440 |* 0.00396 0.00010 0.23651 |0.00446
Ecuador native 0.25007 0.02927 0.28485 0.17323 |0.20075 [0.27058 [0.22841 0.20462 [0.26102 |0.21037 0.19107 0.25999  0.39609 [0.18390 |0.28731 |0.21588 0.08422 |10.22900 [0.17465 |0.25184 ]0.26473 |0.29030 [0.06593 |0.23983 |0.03201 * <0.0000050.00574 |<0.000005
Colombia 0.22857 0.09564 0.18540 0.21758 |0.16455 [0.15882 [0.17663 0.13569 [0.17491 |0.15861 0.05836 0.30599 ]0.38631 [0.12063  |0.28732 |0.18481 0.16731 |0.31342 [0.10298 |0.26470 |0.13260 |0.21008 [0.06181 |0.11742 |0.05850 0.13237 * <0.00000{<0.000005
Peru 0.16349 0.01286 10.18117 0.10267 |0.09224 10.14157 [0.11148 0.09241 [0.16294 |0.08936 0.11992 0.19099 ]0.31055 [0.10220  |0.18829 |0.10216 0.05247 |0.18244 [0.05893 |0.15786 |0.15274 |0.18032 [0.00828 |0.14330 |0.00268 0.03402 0.07755 |* 0.00356 ]
Alto Parang 0.07009 0.05029 10.09207 0.03478 |0.00928 |0.04219 [0.01675 0.00574 [0.08095 |0.00348 0.12784 0.10521 |0.21176 [0.05936  |0.09078 |0.02110 0.03450 |0.12217 |-0.00143 |0.05676 |0.07399 |0.07274 {-0.00469 |0.09179 |0.02793 0.10865 0.09882 10.03005 |* ‘

Significant p-values after Bonferroni's corretion are indicated in red (p<0.0001)

5.e.0.0053
10100 permutations

* only native American haplogroups were considered
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Supplementary Table 1 — Haplotypes from Ashaninka, Peru
Sample ID |Haplotype
AD003  |16051G [16129A [16183C [16189C [16217C [16519C [73G  [152C 263G [309.1C [315.1C [499A
AD005 |16093C [16223T [16298C [16325C [16327T [73G 146C  |249del [263G [290del [291del [309.1C [315.1C|489C [493G [523del [524del
AD006  |16362C [16519C [60A 73G 263G 309.1C |309.2C [315.1C |489C
AD008 | 16093C | 16223T | 16298C | 16325C | 16327T | 73G 146C | 249del | 263G | 290del | 291del [309.1C[315.1C| 489C | 493G | 523del | 524del
AD009 | 16111T | 16223T | 16239A | 16266T | 16290T | 16319A [16362C| 64T | 736G | 146C | 153G | 235G | 263G [309.1C[309.2C| 315.1C | 523del | 524del
AD010 | 16111T [16223T | 16239A | 16266T | 16290T | 16319A [16362C| 64T | 736 | 146C | 153G | 235G | 263G [309.1C|309.2C| 315.1C | 523del | 524del
ADO11 | 16093C|16223T| 16298C | 16325C | 16327T | 73G 146C | 249del | 263G | 290del | 291del |309.1C[315.1C| 489C | 493G | 523del | 524del
AD014 | 16093C|16223T | 16298C | 16325C | 163277 | 73G 146C |249DEL| 263G |290DEL |291DEL [309.1C|315.1C| 489C | 493G |523DEL |524DEL
ADO017 | 16093C | 16223T | 16298C | 16325C | 16327T | 73G 146C |249DEL| 263G |290DEL |291DEL [309.1C|315.1C| 489C | 493G |523DEL |524DEL
ADO018 | 16111T [ 16223T | 16239A | 16266T | 16290T [ 16319A [16362C| 64T | 73G | 146C | 153G | 235G | 263G [309.1C[309.2C| 315.1C | 523del | 524del
AD019 |16325C|16362C| 16519C | 60A 73G 263G | 309.1C | 319.2C | 315.1C| 489C
AD021 | 16093C | 16223T | 16298C | 16325C | 16327T | 73G 146C |249DEL| 263G |290DEL |291DEL [309.1C|315.1C| 489C | 493G |523DEL |524DEL
AD024 | 16111T [16129A| 16223T | 16239A | 16266T | 16290T |[16319A[ 16362C| 64T 73G | 146C | 153G | 235G | 263G [309.1C| 315.1C | 523del | 524del
ADO032 |16051G [16129A| 16183C | 16189C [16193.1C| 16217C [16519C| 73G | 152C | 263G | 309.1C |309.2C[315.1C| 499A
ADO033 |16051G [16129A| 16183C | 16189C [16193.1C| 16217C [16519C| 73G | 152C | 263G | 309.1C |309.2C[315.1C| 499A
AD037 | 16111T | 16223T| 16290T | 16319A | 16399G | 16519C | 64T | 73G | 146C | 153G | 182T [ 200G | 235G | 263G [315.1C| 523Del | 524Del
ADO038 | 16111T | 16223T | 16239A | 16266T | 16290T | 16319A [16362C| 64T | 736 | 146C | 153G | 235G | 263G [309.1C[309.2C| 315.1C | 523del | 524del
AD040 | 16325C | 16362C| 16519C | 60A 73G 263G | 309.1C | 309.2C | 315.1C| 489C
ADO041 | 16111T | 16223T| 16290T | 16319A | 16399G | 16519C | 64T | 73G | 146C | 153G | 182T | 200G | 235G | 263G [315.1C| 523Del | 524Del
AD042 | 16325C|16362C| 16519C | 60A 73G 263G | 309.1C | 309.2C | 315.1C| 489C
AD043 | 16325C | 16362C| 16519C | 60A 73G 263G | 309.1C | 309.2C | 315.1C| 489C
ADO045 | 16223T [16258G | 16259T | 16302G | 16325C | 16362C |16519C| 73G | 263G | 315.1C | 489C
AD047 | 162237 [16258G | 16259T | 16302G | 16325C | 16362C |16519C| 73G | 263G | 315.1C | 489C
ADO048  |16325C [16362C [16519C [60A 73G 263G 309.1C [309.2C [315.1C [489C
AD049 | 16223T [16258G | 16259T | 16302G | 16325C | 16362C |16519C| 73G | 263G | 315.1C | 489C
AD050 | 16111T [16223T | 16290T | 16319A | 16399G | 16519C | 64T | 736 | 146C | 153G | 182T | 200G | 235G | 263G |315.1C| 523Del | 524Del
ADO052 | 16223T [16258G | 16259T | 16302G | 16325C | 16362C |16519C| 73G | 263G | 315.1C | 489C
ADO053 | 16093C | 16223T | 16298C | 16325C | 16327T | 73G 146C | 249del | 263G | 290Del | 291Del [309.1C|315.1C| 489C | 493G | 523Del | 524Del
ADO054 | 16093C | 16223T | 16298C | 16325C | 163277 | 73G 146C | 249del | 263G | 290Del | 291Del [309.1C|315.1C| 489C | 493G | 523Del | 524Del
ADO056 | 16093C | 16223T | 16298C | 16325C | 16327T | 73G 146C | 249del | 263G | 290del | 291del {309.1C|315.1C| 489C | 493G | 523del | 524del
ADO057 | 16111T | 161927 | 16223T | 16239A | 16266T | 16290T |[16319A | 16362C |16519C| 64T 73G | 146C | 153G | 235G | 263G | 309.1C | 315.1C [ 523del | 524del
AD059 |16051G [16129A| 16183C | 16189C [16193.1C| 16217C [16519C| 73G | 152C | 263G | 309.1C |309.2C[315.1C| 499A
ADO060 | 16093C | 16223T | 16298C | 16325C | 16327T | 73G 146C | 249del | 263G | 290del | 291del {309.1C|315.1C| 489C | 493G | 523del | 524del
ADO061 |16051G [16129A | 16183C | 16189C [16193.1C| 16217C |16519C| 73G | 152C | 263G | 309.1C |315.1C| 499A
AD063 | 162237 [16258G | 16259T | 16302G | 16325C | 16362C |16519C| 73G | 263G | 315.1C | 489C
AD064 |16051G [16129A| 16183C | 16189C | 16217C | 16519C | 73G | 152C | 263G | 309.1C | 315.1C | 499A
ADO065 | 16111T | 16223T| 16290T | 16319A | 16362C | 73G 103A | 146C | 152C | 153G | 183G | 235G [ 263G |309.1C[315.1C| 456T | 523del | 524del
AD067 | 16111T | 16223T | 16290T | 16319A | 16362C | 64T 73G | 146C | 153G | 235G | 263G [315.1C| 340T | 523del | 524del
AD068  |16051G [16129A [16183C [16189C [16217C [16519C [73G  [152C  [263G [309.1C [315.1C [499A
ADO069  |16093C [16183C [16189C [16193.1C [16217C [16362C [16519C [56.1A [57C  |73G 150T [217C [263G [309.1C [315.1C [499A [514T
AD071 | 16223T [16258G | 16259T | 16302G | 16325C | 16362C |16519C| 73G | 263G | 315.1C | 489C
AD072 | 16111T |16144C| 16223T | 16266T | 16290T | 16319A |16362C| 16437C|16519C| 64T 73G | 146C | 153G | 235G | 263G | 309.1C | 315.1C [356.1C| 499A | 523del | 524del
ADO073 | 16223T[16325C| 16362C | 73G 263G | 309.1C |315.1C| 489C
ADO74  |16111T [16223T [16290T [16319A [16399G [16519C [64T  [73G 146C 153G [182T [200G |235G [263G [315.1C[523del [524del
ADO75 | 16093C | 16223T | 16298C | 16325C | 16327T | 73G 146C | 249del | 263G | 290del | 291del {309.1C|315.1C| 489C | 493G | 523del | 524del
AD077 | 161117 [16223T | 16290T | 16319A | 16399G | 16519C | 64T | 73G | 146C | 153G | 182T | 200G | 235G | 263G |315.1C| 523del | 524del
AD080 | 16126C | 16223T | 16298C | 16311C | 16325C | 16327T [16519C| 73G | 249del | 263G | 290del | 291del [309.1C{315.1C| 489C | 493G | 523del | 524del
ADO081 | 16111T [16223T | 16290T | 16319A | 16399G | 16519C | 64T | 73G | 146C | 153G | 182T | 200G | 235G | 263G |315.1C| 523del | 524del
AD082 | 16093C |16223T| 16298C | 16325C | 16327T | 73G 146C | 249del | 263G | 290del | 291del |309.1C[315.1C| 489C | 493G | 523del | 524del
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ADO083 16051G | 16129A | 16183C | 16189C | 16217C | 16519C | 73G 152C | 263G [ 309.1C [ 315.1C [ 499A

ADO089 16093C |16223T 116298C 116325C  |16327T |73G 146C  1249del 1263G  [290del [291del [309.1C |315.1C [489C |493G |523del |524del

ADO090 16223T |16258G |16259T 16302G |16325C |16362C |16519C |73G 263G |315.1C |489C

AD092 16223T |16258G |16259T 16302G |16325C |16362C |16519C |73G 263G |315.1C |489C

ADO093 16182C |16183C |16189C 16217C |16465T |16519C |73G 183G (263G |309.1C |309.2C |315.1C |455C [499A

AD094 16111T | 16223T [ 16290T | 16319A | 16362C 64T 73G 146C | 153G | 235G | 263G |315.1C| 340T | 523del | 524del

ADO095 16325C | 16362C | 16519C 60A 73G 263G [ 309.1C | 309.2C | 315.1C| 489C

ADO098 16325C |16362C |16519C |60A 73G 263G 309.1C |309.2C |315.1C [489C

ADO099 16111T |16223T |16239A 16266T |16290T |16319A |16362C |64T 73G 146C 153G [235G [263G [309.1C |315.1C |523del |524del

AD101 16093C |16223T |16298C 16325C |16327T |73G 146C  |249del |263G  [290del [291del [309.1C [315.1C [489C |493G |523del |524del

AD102 16111T |16223T |16239A 116266T |16290T |16319A 16362C |64T 73G 146C 153G [235G  [263G_ [309.1C |309.2C |315.1C |523del |524del
AD103 16093C |16223T |16298C 116325C |16327T |73G 146C  |249del |263G  [290del [291del [309.1C |[315.1C [489C |493G |523del |524del

AD104 16325C |16362C |16519C |60A 73G 263G 309.1C |309.2C |315.1C [489C

AD106 16223T |16258G |16259T 116302G  |16325C |16362C  |16519C |73G 263G |315.1C |489C

AD108 16223T |16258G |16259T 116302G |16325C |16362C |16519C |73G 263G |315.1C |489C

AD109 16223T |16258G |16259T 16302G |16325C |16362C |16519C |73G 263G |315.1C |489C

AD110 16093C |16223T 116298C 116325C  |16327T |73G 146C  |249del 1263G  [290del [291del [309.1C |315.1C [489C |493G |523del |524del

AD112 16183C |16189C |16217C |16519C |73G 263G 315.1C |499A

AD114 16111T |16223T |16239A 16266T |16290T |16319A |16362C |64T 73G 146C 153G [235G [263G [309.1C |309.2C |315.1C |523del |524del
AD115 16093C |16223T |16298C 116325C  |16327T |73G 146C  |249del 1263G  [290del [291del [309.1C |315.1C [489C |493G |523del |524del

AD117 16325C |16362C |16519C |60A 73G 263G 309.1C |309.2C |315.1C [489C

AD119 16325C |16362C |16519C |60A 73G 263G 309.1C |309.2C |315.1C [489C

AD121 16111T |16223T |16239A 116266T |16290T |16319A 16362C |64T 73G 146C 153G [235G  [263G_ [309.1C |309.2C |315.1C |523del |524del
AD122 16051G |16129A |16183C |16189C |16217C |16519C |73G 152C  [263G  |309.1C |315.1C |499A

AD123 16223T |16258G |16259T |16302R |16325C |16362C |16519C |73G 263G |315.1C |489C

AD124 16111T |16223T |16239A 116266T |16290T |16319A 16362C |64T 73G 146C 153G [235G  [263G_ [309.1C |309.2C |315.1C |523del |524del
AD127 16093C |16223T |16298C 116325C |16327T |73G 146C  |249del |263G  [290del [291del [309.1C |315.1C [489C |493G |523del |524del

AD128 16111T |16223T |16239A 16266T |16290T |16319A |16362C |64T 73G 146C 153G [235G [263G [309.1C |309.2C |315.1C |523del |524del
AD129 16111T |16223T |16239A 16266T [1629T 16319A [16362C |64T 73G 146C 153G [235G  [263G_ [309.1C |309.2C |315.1C |523del |524del
AD130 16223T |16258G |16259T 16302G |16325C |16362C |16519C |73G 263G |315.1C |489C

AD131 16051G |16129A |16182C |16183C |16189C |16217C |16519C |73G 152C  |263G  |309.1C |315.1C |499A

AD132 16325C |16362C |16519C |60A 73G 263G 309.1C |309.2C |315.1C [489C

AD133 16093C |16223T |16298C 116325C |16327T |73G 146C  |249del |263G  [290del [291del [309.1C |315.1C [489C |493G |523del |524del

AD134 16093C |16223T |16298C 16325C |16327T |73G 146C  |249del 263G [290del [291del [309.1C |315.1C [489C |493G |523del |524del

AD135 16325C |16362C |16519C |60A 73G 263G 309.1C |309.2C |315.1C [489C

AD137 16111T |16223T |16239A 16266T |16290T |16319A |16362C |64T 73G 146C 153G [235G [263G [309.1C |309.2C |315.1C |523del |524del
AD138 16223T |16342C |16362C |73G 263G 315.1C  |489C

AD139 16051G |16129A 116183C  |16189C |16217C |16519C |73G 152C 263G |309.1C [315.1C [499A

AD142 16223T |16298C |16325C |16327T |16T 73G 249del 1263G  |290del [291del [309.1C [315.1C [489C [493G |523del |524del

AD143 16223T |16298C |16325C |16327T |16T 73G 249del 263G |290del [291del [309.1C [315.1C [489C 493G |523del [524del

AD144 16325C |16362C |16519C |60A 73G 263G 309.1C |309.2C |315.1C [489C

AD148 16051G |16129A |16183C |16189C |16217C |16519C |73G 152C  [263G  |309.1C |315.1C |499A

AD150 16111T |16223T |16239A 16266T |16290T |16319A |16362C |64T 73G 146C 153G [235G [263G [309.1C |309.2C |315.1C |523del |524del
AD151 16111T |16223T |16290T |16319A [16399G |16519C 64T 73G 146C 153G 182T 200G |235G |263G_ |315.1C |523del |524del

AD152 16111T |16223T |16239A 16266T |16290T |16319A |16362C |64T 73G 146C 153G [235G [263G [309.1C |309.2C |315.1C |523del |524del
AD155 16111T |16223T |16239A |16266T |16290T |16319A |16362C |64T 73G 146C 153G [235G [263G [309.1C |309.2C |315.1C |523del |524del
AD157 16093C |16223T |16298C 116325C  |16327T |73G 146C  1249del 1263G  [290del [291del [309.1C [315.1C [489C |493G |523del |524del

AD159 16051G |16129A |16183C |16189C |16217C |16519C |73G 152C  [263G  |309.1C |315.1C |499A

AD160 16111T |16223T |16239A |16266T |16290T |16319A |16362C |64T 73G 146C 153G [235G [263G |309.1C |315.1C [523del [524del

AD161 16325C |16362C |16519C |60A 73G 263G 309.1C |309.2C |315.1C [489C




127

AD162 16051G |16129A |16183C |16189C |16217C |16519C |73G 152C  [263G  |309.1C |315.1C |499A

AD163 16223T |16258G |16259T 116302G  ]16325C 116362C  116519C |73G 263G |309.1C |315.1C |489C

AD164 16111T |16223T |16239A 16266T |16290T |16319A |16362C |64T 73G 146C 153G [235G [263G [309.1C |315.1C |523del |524del

AD165 16325C | 16362C | 16519C 60A 76G 263G [ 309.1C | 309.2C | 315.1C| 489C

AD166 16168T |16183C |16189C 116193.1C |16217C |16519C |53A 55C 73G 153G [263G_ [309.1C [309.2C |315.1C [499A

AD167 16093C |16223T |16298C 116325C |16327T |73G 146C  |249del |263G  [290del [291del [309.1C |315.1C [489C |493G |523del |524del

AD168 16051G |16129A |16183C |16189C |16193.1C |16217C |16519C |73G 152C  |263G  |309.1C |309.2C |315.1C [499A

AD169 16051G |16129A 116183C  |16189C |16217C |16519C |73G 152C 263G |309.1C [315.1C [499A

AD170 16111T |16129R |16223T |16239A |16266T |16290T |16319A |16362C |64T 73G 146C 153G (235G [263G [309.1C |309.2C |315.1C |523del |524del
AD172 16325C |16362C |16519C |60A 73G 263G 309.1C |309.2C |315.1C [489C

AD173 16223T |16325C |16362C 173G 195C 263G 309.1C |315.1C |489C

AD175 16111T |16223T |16290T |16319A ]16362C |73G 103A  |146C 152C  |153G 183G [235G  [263G |309.1C |315.1C |456T 523del  |524del
AD176 16093C |16223T |16298C 16325C |16327T |73G 146C  |249del |263G  [290del [291del [309.1C |315.1C [489C |493G |523del |524del

AD179 16325C |16362C |16519C |60A 73G 263G 309.1C |309.2C |315.1C [489C

AD181 16093C |16223T |16298C 116325C |16327T |73G 146C  |249del |263G  [290del [291del [309.1C [315.1C [489C |493G |523del |524del

AD182 16093C |16223T |16298C 16325C |16327T |73G 146C  |249del |263G  [290del [291del [309.1C |315.1C [489C |493G |523del |524del

AD183 16111T |16223T |16239A 116266T |16290T |16319A 16362C |64T 73G 146C 153G [235G  [263G_ [309.1C |309.2C |315.1C |523del |524del
AH001 16051G |16129A |16183C |16189C |16217C |16519C |73G 152C  [263G  |309.1C |309.2C |315.1C |499A

AH002 16093C| 16223T [ 16298C | 16325C | 16327T 73G 146C | 249del | 263G | 290del | 291del |309.1C|315.1C| 489C | 493G | 523del | 524del
AH004 16223T |16258G |16259T 116302G  |16325C |16362C 116519C |73G 263G |315.1C |489C

AH007 16111T |16223T |16239A 16266T |16290T |16319A |16362C |64T 73G 146C 153G [235G [263G [309.1C |309.2C |315.1C |523del |524del
AHO012 16051G | 16129A | 16183C | 16189C |16193.1C| 16217C [16519C| 73G 152C | 263G | 309.1C |315.1C| 499A

AHO013 16223T |16325C |16362C 173G 152C 263G 309.1C |315.1C |489C  [524.1A ([524.2C

AHO015 16051G | 16129A | 16183C | 16189C | 16217C | 16519C | 73G 152C | 263G | 309.1C [ 315.1C | 499A

AHO016 16092C| 16182C| 16183C [ 16189C [ 16362C [ 16519C [ 73G 139C | 146Y [ 234G [ 263G [315.1C| 499A

AH020 16051G | 16129A | 16183C | 16189C | 16217C | 16519C | 73G 152C | 263G [ 309.1C [ 309.2C [315.1C| 499A

AH022 16223T | 16325C | 16362C 73G 263G 309.1C | 315.1C | 489C

AHO023 16051G |16129A |16183C |16189C |16217C |16519C |73G 152C  [263G  |309.1C |315.1C |499A

AH026 16051G |16129A 116183C  |16189C |16217C |16519C |73G 152C 263G |309.1C [315.1C [499A

AH030 16325C | 16362C | 16519C 60A 73G 263G [ 309.1C | 309.2C | 315.1C| 489C

AHO031 16325C | 16362C | 16519C 60A 73G 263G [309.1C | 309.2C | 315.1C| 489C

AH034 16093C| 16223T [ 16298C | 16325C | 16327T 73G 146C | 246DEL| 263G [290DEL [291DEL [309.1C|315.1C| 489C [ 493G |523DEL |524DEL
AH046 16051G | 16082G | 16086C | 16183C | 16189C [16193.1C[16217C| 16519C| 73G 263G | 315.1C | 499A

AHO051 16223T | 16258G [ 16259T [ 16302G | 16325C [ 16362C [16519C| 73G 263G | 315.1C | 489C

AHO055 16111T | 16223T [ 16239A [ 16266T [ 16290T [ 16319A [16362C| 64T 73G 146C | 153G | 235G [ 263G [309.1C[315.1C| 523Del | 524Del
AHO058 16223T | 16298C | 16325C | 16327T | 16384A 73G 249del | 263G | 290del | 291del | 315.1C | 489C | 493G | 523del | 524del

AH062 16325C | 16362C | 16519C 60A 73G 263G [309.1C | 309.2C | 315.1C| 489C

AH066 16325C| 16362C | 16519C 60A 73G 263G [309.1C | 309.2C | 315.1C| 489C

AHO070 16325C| 16362C | 16519C 60A 73G 263G [309.1C | 319.2C | 315.1C| 489C

AHO076 16051G |16129A |16183C |16189C |16217C |16519C |73G 152C  [263G  |309.1C |315.1C |499A

AHO078 16325C| 16362C | 16519C 60A 73G 263G [309.1C | 309.2C | 315.1C| 489C

AHO079 16325C| 16362C | 16519C 60A 73G 263G [309.1C | 309.2C | 315.1C| 489C

AH084 16111T | 16134T [ 16223T [ 16290T [ 16319A [ 16362C | 73G 146C | 153G | 235G | 263G |309.1C|309.2C|315.1C| 523del | 524del

AHO085 16223T | 16258G [ 16259T [ 16302G | 16325C [ 16362C [16519C| 73G 263G [ 309.1C [ 315.1C | 489C

AHO086 16325C | 16362C | 16519C 60A 73G 263G [ 309.1C | 309.2C | 315.1C| 489C

AHO088 16051G |16129A |16183C |16189C |16217C |16519C |73G 152C  [263G  |309.1C |315.1C |499A

AH091 16051G |16129A 116183C  |16189C |16217C |16519C |73G 152C  [263G_ |309.1C |315.1C |499A

AH096 16111T |16223T |16239A 16266T |16290T |16319A |16362C |64T 73G 146C 153G [235G [263G [309.1C |309.2C |315.1C |523del |524del
AH100 16051G |16129A |16183C |16189C |16217C |16519C |73G 152C  [263G  |309.1C |315.1C |499A

AH105 16325C |16362C |16519C |60A 73G 263G 309.1C |315.1C |489C
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AH113 16223T |16258G |16259T 16302G |16325C |16362C |16519C |73G 263G |315.1C |489C

AH116 16093C |16223T |16298C |16325C [16327T [73G 146C  1249del 1263G  [290del [291del [309.1C [315.1C [489C |493G |523del |524del

AH118 16223T |16240G |16298C 116325C  |16327T |16519C |73G 146C  [249del |263G  |290del |291del |315.1C |489C [493G [523del [524del

AH120 16093C |16223T |16298C 116325C |16327T |73G 146C  |249del |263G  [290del [291del [309.1C |315.1C [489C |493G |523del |524del

AH125 16111T |16223T |16239A 16266T |16290T |16319A |16362C |64T 73G 146C 153G [235G [263G [309.1C |315.1C |523del |524del

AH126 16111T |16223T |16290T |16319A ]16362C |64T 73G 146C 153G |235G  |263G__ |315.1C |340T |523del [524del

AH136 16051G |16129A 116183C  |16189C |16217C |16519C |73G 152C  [263G_ |309.1C |315.1C |499A

AH140 16111T |16172C |16186T |16223T [16290T |16319A ([16360T |16362C |106del [107del [108del [109del {110del {111del {114Y |146C 153G [235G [263G [309.1C [309.2C [315.1C [285G |523del |524del
AH141 16093C |16223T |16298C 16325C |16327T |73G 146C  |249del |263G  [290del [291del [309.1C |315.1C [489C |493G |523del |524del

AH145 16111T |16223T |16239A |16266T |16290T |16319A [16362C |64T 73G 146C 153G [235G [263G_ [309.1C |315.1C |523del |524del

AH146 16223T |16258G |16259T 16302R ]16325C |16362C |16519C |73G 263G |315.1C |489C

AH147 16093C |16223T |16298C 16325C |16327T |73G 146C  |249del |263G  [290del [291del [309.1C |315.1C [489C |493G |523del |524del

AH149 16051G |16129A |16183C |16189C |16217C |16519C |73G 152C  [263G  |309.1C |315.1C |499A

AH153 16051G |16129A 116183C  116189C 116193.1C |16217C |16519C |73G 152C  1263G__ |309.1C |315.1C |499A

AH154 16325C |16362C |16519C |60A 73G 263G 309.1C |309.2C |315.1C [489C

AH158 16325C |16362C |16519C |60A 73G 263G 309.1C |309.2C |315.1C [489C

AH171 16111T |16223T |16239A 16266T |16290T |16319A |16362C |64T 73G 146C 153G [235G [263G [309.1C |309.2C |315.1C |523del |524del
AH174 16051G |16223T |16298C 116325C  |16327T |73G 194T  1249del |263G  [290del [291del [309.1C |315.1C [489C |523del |524del

AH177 16111T |16223T |16239A 16266T |16290T |16319A |16362C |64T 73G 146C 153G [235G [263G [309.1C |309.2C |315.1C |523del |524del
AH178 16325C |16362C |16519C |60A 73G 263G 309.1C |309.2C |315.1C [489C

AH180 16325C |16362C |16519C |60A 73G 263G 309.1C |309.2C |315.1C |489C

PER207 [16111T |16223T |16290T |16319A |16362C |16477A |64T 73G 146C  |153G  |235G  |263G_ |309.1C|309.2C [315.1C [356.1C [499A  [523del [524del
PER208 [16182C |16183C |16189C |16217C |16519C |73G 263G |309.1C |315.1C [499A

PER209 [16137G |16223T [16325C [16362C |60C 73G 146C  |263G  |309.1C [309.2C |315.1C |489C

PER210 [16183C |16189C |16193.1C |16217C |16261T |16519C |59del  |60del 65.1C (711G [73G 103T 263G [309.1C [309.2C |315.1C |499A

SHWO002 16092C [16111T [16189C [16223T [16290T |16319A [16362C |64T 73G 139C 146C 153G 235G [263G_ |315.1C |523del |524del
SHWO004 16183C [16189C [16193.1C [16217C [16297C |16519C [16566A |73G 200G |263G  |309.1C |309.2C |315.1C |499A

SHWO015 |16092C [16111T [16189C [16223T [16290T [16319A [16362C |64T 73G 139C 146C 153G [235G [263G |315.1C |523del |524del
SHWO032 16111T [16223T [16266T [16290T [16319A ([16362C (64T 73G 146C  |153G  |235G  |263G |309.1C|315.1C |523del [524del

SHWO041 116183C [16189C [16193.1C [16217C [16297C |16519C [16566A |73G 200G |263G__ |309.1C |309.2C |315.1C |499A

SHWO046 16092C [16111T [16189C [16223T [16290T |[16319A [16362C |64T 73G 139C 146C 153G [235G [263G |315.1C |523del |524del
SWH019 |16092C [16111T [16189C [16223T [16290T [16319A [16362C |64T 73G 139C 146C 153G [235G [263G |315.1C |523del |524del
SWH020 ]16051G [16094C [16183C [16189C [16193.1C|16217C [16519C |73G 152C  1263G__ |309.1C |315.1C |499A




129

APENDICE F - Poster “Tracing Arawakan Southern Dispersal: Clues from Mitogenome
Sequencing of Southern Amerinds”

Tracing Arawakan Southern Dispersal: Clues from( i Al
Mitogenome Sequencing of Southern Amerinds l

C. Xavier', F. Simao®, M. Bodner', C. Strobl', D. Silva®, C. Barletta®, A. Casas-Vargas®’, W. Usagén®, D.H. Tineo®
L. Gusmao™ and W. Parson"’

‘Institute of Legal Medicine, Medical University of Innsbruck, Innsbruck, Austria

‘DNA Diagnostic Laboratory (LDD), State University of Rio de Janeiro (UERJ), Rio de Janeiro, Brazil

“Laboratorio de Genélica Humana, Universidad Nacional Mayor de San Marcos, Lima, Peru

“Group of Population Genetics and Identification, Genetics Institute, National University of Colombia, Bogota, Colombia
“Instituto de Medicina Legal, Universidad Nacional Mayor de San Marcos, Lima, Peru

“Institute of Pathology and Immunology of the University of Porio (IPATIMUP), Parto, Portugal

‘Forensic Science Program, The Pennsylvania State University, PA, USA

catarina.gomes@i-med.ac.at

Introduction Results

South America’s colonization and internal migration routes remain unsolved issues for P— N

P03-202
170320

the scientific community. The wide variety of different environmental settings and the wowoon
amplitude of climate variations at the time of colenization might explain the big variation of .,
different tribes and groups in South America, in contrast to it’s northern counterpart [1]. - :

The Arawakan are the largest and most widespread linguistic family in South America,
being distributed at time of European arrival from the Caribbean Islands to the Brazilian
wetlands. The Arawakan were also a distinct Amazonian group which would stand out
form other amazonian tribes by their advanced socio-cultural societies, the agricultural
and fishing economic practices as well as complex commercial and political alliances [1, 2].
Linguistic and anthropological studies situate western Amazonia (in the border between
amazonian Peru and Brazil) as the most probable origin of the Arawakan language (Fig.1,
[3]). Afterwards Arawakan are thought to have migrated alongside riverbanks throughout
the continent, spreading their cultural and agricultural traditions, naming their diaspora
the South America's Neolithic (Fig.1, [3]).

For this study we analysed samples from three different Arawakan communities: the
Waytu in northern Colombia, the Ashaninka in pre-Andine Peru and the Terena in the
Brazilian wetlands. Furthermore we gathered a sample set from a Shipibo-Conibo tribe,
inhabiting the shores of the Ucayali river in Peruvian amazon. The Shipibo are a Panoan

[r— re

'

speaking tribe which engaged in several warfare encounters and intermarriage with 3 )
Arawakans (Piro) living in the same region [4]. All samples have been typed for the full { . A
control region of the mitochondrial DNA (mtDNA), the information of the found lineages
allowed a triage of samples to undergo the full mitogenome sequencing.

Adeeper study of under-described populations as well as the increase of the study’s resolution
allows a better comprehension of the Arawakan migratory movements at a minor scale as well as
increase the size of a forensic and population mDNA database - EMPOP[S]. b / S \
Fig. 1 B2+16051G {yellow), B2+15051G+161294 (pink), B2+ 16051G+16360T (dark blue) lineages cisiribution across the Peruvian lowlands, lake
Thicaca, Bolivian Maxcs and Brazilian Wetlands. Sampies in bold and with a * are the present study data, ciher groups have been gathered fram
Haraturo [l of thern]. Grango arrcws raprsent the inguistically proposed

proposed by the miDNA results.,
e wetiands covarad rsa. Otber populatons Gataratieved om10-15]

Materials & Methods g S B s

The study was approved by Ethics Commissions. Sampling was performed under informed
consent. All samples were extracted using a phenol-chloroform protocol or a Chelex based
protocol and quantified using an in house real time gPCR method [6]. Libraries were built using
the Precision ID mtDNA Whole Genome Panel (Thermo Fisher Scientific) and sequenced using
the lonChefand lonS5 system (TFS). Avalidation study of this method is presented in PO1-23.

The sequences were compared to the revised Cambridge Refe Sequence (rCRS) [7]
using the lon Torrent Variant Caller v. 5.2.1.38 plugin (TFS) and all these positions have been
posteriorly checked with IGV (Integrative Genome Viewer). Haplotypes were determined by
two separate analysts and haplogroups were assigned according to Phylotree (build 16) [8].
Furthermore, all haplotypes have been submitted to EMPOP4 (P06-422) for alignment and
haplogroup check.

In order to understand the distribution of the lineages found in this study and close neighbors,
literature research and database queries were done.

Discussion

The previous sequencing of the full CR of the mtDNA helped us detecting one lineage (B2+
16051G+16360T+152C) that was shared between the Terena and the Shipibo-Conibo (Fig.2).
The deeper investigation of this particular lineage at the highest resolution possible (the full
mtDNA genome) verifies the lineages present in Peru and Brazil are very similar (Fig.2). A
thorough look into literature identified the existence of the same lineage in Peru (Fig.1). If only
the CR or partial CR is investigated the same lineage appears along the Peruvian lowlands, the
Titicaca basin and the Bolivian Moxos.

Furthermore, we identified a closely related lineage present in the Peruvian Ashaninka
(B2+16051G+ 16129A+152C) that was further sequenced for the full mDNA genome (Fig.2).
The same lineage (full genome) was found in other Peruvian samples and previously described
(only CR} in Matsiguenga and Yanesha tribes, all pre-Andine Arawakans (Fig.1). This might
indicate a regional diversification of this specific lineage which also agrees with the linguistic
differentiation between pre-Andine Awarakan and Proto-Piro-Apurina-Baure-Ignaciano
Arawakan (western Amazonian lowlands and Southern Arawakans) in which Terena and the
neighbor groups of Shipibo (the Piro) arc included.

Other lineages have been chosen for further full mtDNA genome sequencing, either because
they have not yet been described in the literature or presented a typical motive in their
geographical panorama. For example, B2d lincages in Colombia have been identified
previously and seem to be restricted to northwestern South America and Mesoamerica territories

Fig. in the four studied groups. Inner i aroups.
Inner graphic shows the composition of MLDNA lineages for the four major Nalive American haplogroups and L2. Middle graphic shows variation
ihin cach macrohaplogroup and ouler graphlc depits the samples chosen for ul miGenom seuencing and dversy found, Links betwesn
sample groups reflect clase lineage(s) of B2+16051G in dark(+ 16360T+7786T) (+15126C) 6]
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